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Project

The California Regional Water Quality Control Board, Colorado River Basin, conducted a 12-month 
assessment of the occurrence of cyanobacteria and associated cyanotoxins. Under the Surface 
Water Ambient Monitoring Program’s (SWAMP) Harmful Algal Blooms (HABs) program, 
cyanobacteria and cyanotoxins monitoring was conducted at the Salton Sea from September 2020 
through August 2021. HABs have become increasingly problematic throughout the country, and at 
the Salton Sea, warm temperatures, abundant sunlight and an excess of nutrients provide highly 
suitable conditions for cyanobacteria to thrive and bloom. Cyanotoxins are known to be harmful or 
even fatal to both people and animals, and sudden blooms can produce high concentrations of 
these toxins. Thus, it is imperative to continually monitor the levels of these toxins in the interest of 
public health and the wide array of beneficial uses associated with the Salton Sea

Purpose

The purpose of this assessment was: (1) to identify the spatial distribution of cyanobacteria genera 
and associated toxins present in benthic algal mats along the shore of the Salton Sea; (2) to 
determine if any detectable changes in the cyanobacteria community composition have occurred 
compared to historical studies of the Salton Sea. This information is needed to understand the 
current distribution of cyanobacteria in algal mats their potential for cyanotoxin production, and the 
relative rate at which the cyanobacteria community composition is changing. These data will help 
inform the public of potential health hazards associated with harmful benthic algal mats at the 
Salton Sea.

Background

The Salton Sea is located in Southern California and covers parts of Riverside and Imperial 
Counties. The sea is a hyper-saline, hyper-eutrophic, endorheic lake situated more than 230ft 
below mean sea level. The Salton Sea is approximately 15 miles in width and 35 miles in length at 
its longest reaches, with a maximum depth between 43-51 feet. For more than 100 years, this 
artificially sustained sea has served as a receptacle for municipal and agricultural wastewater 
inflows, however, water transfers and water conservation efforts have led to a significant reduction 
of those inflows, resulting in rapid shrinking of the Sea .

This shallow lake hosts multiple genera of cyanobacteria which inhabit the benthic algal mats that 
line much of the littoral zone. The mats overlie near-shore sediments and rigid substrates, thriving 
in areas where the photic zone extends to the sea floor, while significant wind events appear to 
damage the mats in shallow areas, as observed during the assessment.

Historical water quality monitoring of inflows to Salton Sea show an excessive level of nutrient 
loading due to runoff from nearly 500,000 acres of adjacent agricultural land. Harmful algal blooms 
are known to occur in response to acute increases in nutrient concentrations, such as the nitrogen 
and phosphorous loading from agriculture runoff. However, any attempt to divert these nutrient-
rich inflows away from the sea to mitigate harmful algal blooms would result in further shrinkage of 
the sea. Moreover, attempts to introduce less inflow to the sea would almost certainly result in 
changes to the cyanobacteria community, since these inflows are much less saline than the sea, 
and they provide some degree of dilution. This could potentially increase harmful algal blooms in 
both frequency and magnitude by replacing the endemic cyanobacteria with genera capable of 
surpassing current toxin production.
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Monitoring Design

Water, algal mat and algal scum grab samples were collected monthly for one year, taken 
from the shoreline of the Salton Sea at five monitoring sites (Figure 1):

1. Desert Shores
2. West Shores
3. Obsidian Butte
4. Bombay Beach
5. State Recreation Area

Site selection was based upon frequency of public use, site accessibility and historical 
occurrences of cyanotoxins. There are limited public access points along the perimeter of the 
sea, and so the most frequently used access points were selected for this assessment. In 
addition, these sites were known to have detectable levels of cyanotoxins, as discovered 
during a previous monitoring effort conducted by the Regional Board in 2017-2018.

Samples for this assessment were collected in accordance with the Surface Water Ambient 
Monitoring Program (SWAMP) Standard Operating Procedures (SOP). Collected samples 
were shipped to Bend Genetics located in Sacramento, California, and analyzed using 
Enzyme Linked Immunosorbent Assays (ELISA). The dominant genera of cyanobacteria 
found in the samples was also identified by microscopy and documented.

https://drive.google.com/file/d/0B40pxPC5g-D0T01OVUx4amhDaVk/view?resourcekey=0-YziwP3Sjox8LO2a2HH4BJQ
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Sample Collections

Salton Sea algal mat production is prolific, occupying the littoral zone along much of the sea’s 
perimeter. Mats occur in different hues of greens, browns and yellows, varying in thickness up to 
7mm, and covering a range of substrates including sediments, gypsum crusts and even fine clay 
and silts, all of which make sample collections a challenge. Cross-sections of some mats display 
distinct stratified layers of colored ‘bands’, which are more visible in thicker mats. Microscopy of the 
mat material reveals a significant amount of sediment and detritus embedded within the mats, 
including decaying organic material, barnacle nauplii and Corixid body parts.

During collection of algal mats overlying sediments, the mat was at times very thin (<1.0mm), 
causing more sediment to be collected than algal sample. Soft bristle brushes were found to be 
incapable of liberating the algal material from the substrate, while a stiffer nylon brush removed 
both algal material and foreign material, including sediment. Various collection techniques and tools 
were employed throughout the assessment; however, none were successful in cleanly separating 
the mat from the underlying substrate. It should be noted that during the latter part of this 
assessment, the author developed a collection technique that minimizes the amount of sediment 
collected with the sample. A Standard Operating Procedure (SOP) incorporating that method is 
under development by the Colorado River Basin Regional Water Quality Control Board.

Removal of algal mat material from gypsum crusts was equally problematic, with some of the same 
issues encountered. The gypsum crust is rigid and has many nooks and pits along its uneven 
surfaces, and it is also brittle. When attempting to separate the algal mat from the crust, bits of 
barnacle shells, sediment, crust and other foreign material were also unintentionally collected.
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Temporal Changes in Cyanobacteria Community

Over the 12-month monitoring period, 100 water, sediment and surface scum samples were 
collected from five near-shore sites along the perimeter of the Salton Sea. From those samples, a 
total of (12) distinct cyanobacteria genera were identified by microscopy, with the most frequently 
observed genera in both water and algal mat samples being Oscillatoria, Geitlerinema and 
Spirulina. In examining this limited data set, there doesn’t appear to be any evidence of significant 
seasonal variation regarding cyanobacteria genera at the sea, but based upon historical 
observations, the cyanobacteria community within the Salton Sea has changed over a relatively 
short time.

Tiffany et al. (2007) mentions observations of Oscillatoria, Geitlerinema and Lyngbya, noting that 
cyanobacteria made up only a small percentage of the total phytoplankton in the sea at that time. 
They found that the occurrence of these filamentous cyanobacteria in open, mid-lake waters was 
rare, suggesting the bacteria are restricted almost entirely to near-shore environs. Carpelan (1961) 
too found that microscopic filamentous cyanobacteria were far more abundant in benthic mats near 
shore that occasionally broke loose and floated to the surface. Our findings support these 
conclusions, since cyanotoxins were at times undetected in the water column near shore, while up 
to four cyanotoxins (Anatoxin-a, Saxitoxin, Microcystin and Cylindrospermopsin) were 
simultaneously detected in a single sample of benthic algal mat collected in the same vicinity.

Wood et al. (2002) describes ten distinct genera observed primarily in mat samples collected from 
the Salton Sea in 1999: Oscillatoria, Spirulina, Arthrospira, Geitlerinema, Lyngbya, Leptolyngbya, 
Calothrix, Rivularia, Synechococcus, Synechocystis. Of these ten genera, only four (Geitlerinema, 
Lyngbya, Oscillatoria and Spirulina) were observed in the samples we collected for our assessment 
(table 1). In spring of 2005, filamentous cyanobacteria (Oscillatoria, Arthrospira and Geitlerinema) 
were dominant in mid-lake phytoplankton, comprising 3-10% of total phytoplankton biomass 
(Anderson et al. 2007).

Although some previously observed genera also appeared in samples collected during this 
assessment, seven additional genera were observed which weren’t reported in previous studies. 
These genera include Kamptonema, Pseudanabaena, Trichocoleus, Wilmottia, Symploca, 
Microleus and Johanseninema (Table 1).

During this assessment, diatoms co-dominated multiple samples, which was also observed by 
Tiffany et al. (2007). However, since this assessment focused on cyanobacteria, the taxonomy of 
diatoms is not within the purview of this assessment and thus was not established.
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Table 1: Salton Sea Cyanobacteria Genera Observed From 1960 Through 2021

Study Year

1960 1999-2000 1999 2005-2006 2021

Genera Carpelan.,
1961

Carmichael.,
2006 Wood., 2002 Anderson et

al., 2007
Present 

Assessment
Oscillatoria X X X X X
Spirulina X X X

Geitlerinema X X X X
Lyngbya X X X X

Synechococcus X X X
Merismopedia X X
Phormidium X X

Synechocystis X
Leptolyngbya X

Calothrix X
Rivularia X

Arthrospira X
Hydrocoleum X

Calothrix X
Plectonema X

Pleurococcus X
Pleurocapsa X
Aphanothece X
Gloeocapsa X

*Kamptonema X
*Microleus X

*Johanseninema X
*Phormidium X

*Wilmottia X
*Pseudanabaena X

*Trichocoleus X
*Symploca X

* Genera not observed in previous assessments
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Cyanotoxins

Cyanotoxins are a concern for public health given their potency and harmful effects on birds and 
mammals. The State Water Resources Control Board (SWRCB), in collaboration with the Office 
of Environmental Health Hazard Assessment (OEHHA), has established a set of tiered protocols 
for responding to occurrences of planktonic Harmful Algal Blooms (HABs). These protocols include 
response trigger levels for detected cyanotoxin concentrations (figure 4) and signage intended to 
inform the public of the dangers of benthic HABs (Appendix B). Recently, signage and protocols 
have been developed specifically for benthic algal mats and are available on the SWRCB website: 
(https://mywaterquality.ca.gov/habs/resources/habs_response.html).

A total of 100 samples were analyzed for cyanotoxins during the course of our assessment, 
specifically 50 water samples, 39 benthic algal mat samples and 11 scum samples. These samples 
were subjected to ELISA testing for quantitative analysis of Anatoxin-a, Saxitoxin, 
Cylindrospermopsin and Microcystins.

Table 2: Occurrences of Cyanotoxins in Water, Scum and Algal Mat 
Samples

Sample Type

Water Mat Scum
Cyanotoxin (50 

samples)
(39 

samples)
(11 

samples)
Anatoxin-a 2 (4%) 22 (56%) 4 (36%)
Saxitoxin 41 (82%) 15 (38%) 4 (36%)
Cylindrospermopsin 40 (80%) 23 (58%) 5 (45%)
Microcystin 8 (16%) 17 (44%) 6 (54%)

None of the 50 water samples collected and analyzed exceeded the caution-level threshold for 
Cylindrospermopsin or Microcystin. Only two water samples had detectable concentrations of 
Anatoxin-a, which warranted a caution-level response, but Anatoxin-a was more frequently detected 
in algal mats, with 22 of the 39 mat samples containing Anatoxin-a. Both Saxitoxin and 
Cylindrospermopsin were detected more often in water than in benthic mats. Of the 39 benthic mat 
samples collected, 28 samples (72%) had detectable levels of cyanotoxins, triggering a caution-
level response.

Microcystin

Of the combined 39 mat and 50 water samples analyzed, only 25 of the 89 samples (28%) 
contained detectable levels of Microcystin. To compare with an earlier study conducted from 1999-
2000, 247 water and sediment samples were collected from the Salton Sea and subjected to ELISA 
screening, with 85% of the samples containing detectable levels of Microcystin (Carmichael and Li, 
2006). The author of the study attributes the Microcystin toxin production to both Oscillatoria and 
picoplanktonic Synechococcus, which were the two dominant genera identified during that study. 
While this assessment detected Microcystin toxin concentrations in multiple samples, 
Synechococcus was not present. Some strains of Synechococcus are known to adapt to saline 

https://mywaterquality.ca.gov/habs/resources/habs_response.html
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conditions by utilizing organic osmoregulatory solutes to expel excess inorganic ions (Mackay et. 
al, 1984), but it is unknown whether the absence of Synechococcus at the sea is due to the rapid 
increase in salinity. Microcystins did not appear in water samples until January, and detections only 
continued briefly through January and February. Microcystin detections in benthic mats were more 
frequent, absent only during the warmer summer months.

Anatoxin-a

Due to its toxic nature and potency, any detection of Anatoxin-a in water or algal mat samples 
triggers a caution-level response by the Regional Water Quality Control Board. Anatoxin-a was 
seldom found in the water column, with only two detections over the 12-month assessment. In 
benthic algal mats, however, Anatoxin-a was present in 22 of the 39 (56%) collected samples. The 
highest detected concentration of Anatoxin-a (4.7 µg/L) was found in benthic mats collected in 
November 2020 from the Desert Shores site.

Cylindrospermopsin

The caution-level threshold for Cylindrospermopsin (1.0 µg/L) was never exceeded for water 
samples, even though Cylindrospermopsin was detected in 40 of 50 water samples. Benthic mat 
sample detections of Cylindrospermopsin numbered 23 out of 39, which all translated to caution-
level threshold exceedances. The Cylindrospermopsin concentrations for water were relatively 
consistent when compared across all five monitoring sites (figure 3).
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Public Health and the Salton Sea

Although detected cyanotoxin concentrations in our samples were generally low, the danger of 
cyanotoxins is still present in the sea and should not be under-estimated. On April 5, 2021, a dog 
owner visiting Salton Sea witnessed her dog drinking from the sea. The dog’s owner stated that when 
she approached her dog in the shallow water, she saw a “brown coating on the bottom” that greatly 
concerned her. Almost immediately, the animal began to exhibit multiple symptoms indicative of 
cyanotoxin exposure. The dog was rushed to a veterinarian and died two days later; the cause of 
death being attributed to cyanotoxin exposure. The ‘brown coating’ the owner described is likely the 
extensive algal mat that covers the sediments and gypsum crust in that area. The site where this 
incident occurred was also one of the monitoring sites designated for this assessment, and so 
previous toxin data was available. A report of the incident is on file with the Office of Health Hazard 
Assessment (OEHHA) (Appendix C).

Currently, the SWRCB does not have established thresholds for Saxitoxin in water. Caution level 
thresholds for benthic algal mats are more stringent than for water, such that any detectable 
cyanotoxin concentration in benthic mats automatically triggers a caution-level response. Water 
samples collected from the incident site one month before the incident showed both 
Cylindrospermopsin and Saxitoxin at 0.29 µg/L and 0.05 µg/L, resp. A benthic algal mat sample 
collected at the same time showed a 0.21 µg/L concentration of Cylindrospermopsin. A subsequent 
water sample collected on April 12, 2021 (about one week after the incident) showed the presence 
of Pseudanabaena and a 0.16 µg/L concentration of Cylindrospermopsin, which is well below the 1.0 
µg/L threshold. However, it’s important to note that these results may not be representative of the 
conditions that existed at the time of the incident, since phytoplankton dynamics at the sea can shift 
rapidly, with cyanobacterial blooms changing daily.

Figure 4: SWRCB Cyanotoxin Trigger Levels

Under the recommendation of the Colorado River Basin Water Quality Control Board, public health 
advisory signage posted at Salton Sea was temporarily changed by the State Park Service from a 
“caution” level to a “warning” level, even though detected cyanotoxin concentrations were well below 
the warning trigger-level. Since much of the sea’s shoreline is covered in benthic algal mats, it’s 
virtually impossible for recreators to avoid them. Moreover, the benthic mats often break apart, 
causing pieces of mat and scum to float to the surface where they can be ingested by swimmers or 
pets. Algal scum and mats can be very attractive to dogs, and these detached algal pieces can 
potentially contain very high concentrations of cyanotoxins, even when those toxins are not detected 
in water. The signage has since been changed back to the “caution” level as of December 2021.
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Table 3: Cyanobacteria Genera Occurrence in Water Samples

Genera found in 
water

State Rec. 
Area

Bombay 
Beach

Obsidian 
Butte

West 
Shores

Desert 
Shores

Spirulina 5 3 7 8 9
Geitlerinema 1 1 5 5 5
Oscillatoria 1 4 2 2 1
Kamptonema 1 - - 2 -

Phormidium - - 1 - -

Lyngbya - - 1 - -

Pseudanabaena 1 - - - -

Table 4: Cyanobacteria Genera Occurrence in Benthic Algal Mat Samples

Genera Found in 
Benthic Algal 
Mats

State 
Rec. Area

Bombay 
Beach

Obsidian 
Butte

West 
Shores

Desert 
Shores

Spirulina 5 3 2 7 8
Geitlerinema 2 4 3 7 7
Oscillatoria 7 7 1 6 5
Kamptonema 3 5 1 - 2
Phormidium 1 2 - 2 2
Pseudanabaena - 1 - - -
Trichocoleus - - - - 1
Wilmottia 1 1 - - -
Johanseninema - 1 - - 1
Symploca 1 - - - -
Microcoleus - - - 1 -
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Discussion

From September 2020 to August 2021, at least (12) genera of cyanobacteria were detected in the 
littoral zone of the Salton Sea, contained within the benthic algal mats that lie along much of the 
shoreline. These cyanobacteria are producing detectable levels of Anatoxin-a, Saxitoxin, 
Cylindrospermopsin and Microcystin throughout the year, triggering public health advisories at the 
cautionary and warning levels (Figure 4). One confirmed animal fatality due to ingestion of 
cyanotoxins at Salton Sea occurred at one of the designated monitoring sites during this 
assessment.

The marine picoplanktonic Synechococcus, which was once considered co-dominant in Salton Sea 
phytoplankton, no longer appears to be present in the sea. Benthic algal mats are well established 
along much of the shore, making it virtually impossible for recreators to avoid contact with the mats. 
High winds create churning water that damages the mats, causing pieces to break off and float to 
the surface. These mat pieces, along with floating surface scum, were observed accumulating en 
masse at the shore during wind events. This presents a significant health risk, not only because 
algal mats and algal scum typically contain higher concentrations of cyanotoxins than other matrices, 
but also because they’re accumulating at the shore where people and pets are likely to be exposed.

As the sea continues to experience increased salinity and other water chemistry changes, the 
cyanobacteria community can be expected to change as well. Inflows to the sea are predominantly 
composed of agricultural drainage and municipal wastewater that is high in nutrients. The 
implementation of TMDLs and other regulatory actions may not be effective in avoiding harmful 
algal blooms in the future, since cyanobacteria and other algae are known to thrive even in lower 
nutrient concentrations. Efforts to effectively manage cyanobacteria at the sea will likely require an 
intense, multi-faceted approach that may include a nutrient removal mechanism (such as filtration, 
ion exchange or similar process), large-scale water circulation and water tinting.

Limitations

This report is based on a very limited dataset which makes it difficult, if not impossible, to offer any 
conclusions in terms of temporal trends. Moreover, our assessment targeted water, scum and 
benthic algal mats at the shore, yet these matrices were not always present at some sites and could 
not be collected. In some instances, only water could be collected, while scum was at times the 
only matrix that was present or accessible. The effect of wind on the mats was significant (i.e., 
damaging algal mats or covering benthic mats in thick layers of organic matter and sediment) and 
prevented the collection of viable mats in some instances. Rainstorms made sample collection 
impossible at some sites due to extremely muddy conditions that reached depths in excess of 35-
inches. Sample collection methods and locations used in this assessment differed from that of the 
previous studies mentioned, which could influence the differences in cyanobacteria genera 
observed.
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Appendix A: Cyanotoxin Concentrations in Water and Benthic Algal Mats
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Appendix B: Signage for Benthic Algal Mat Notification
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Appendix C: Report of Dog Mortality at Salton Sea
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