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At the base of the food web, 

phytoplankton provide 

energy and oxygen to marine 

ecosystems and remove carbon 

dioxide from the atmosphere.



Harmful Algal Blooms (HABs)

• Of the 5,000 documented phytoplankton species, several 

hundred are known to be harmful.

• Associated with elevated algal cell densities and/or 

toxins, leading to disruption of an ecosystem. 

• Produce potent biotoxins, cause mass anoxic events, 

and/or shade seagrass (important habitat).

www.biol.tsukuba.ac.jp http://www.27east.com/story_detail.cfm?&id=167427



First Plague on the Egyptians

Exodus 7:14 - 7:25

“God instructed Aaron to strike 

the river Nile with his staff; all of 

its water turned into blood. As a 

result of the blood, the fish of the 

Nile died, filling Egypt with an 

awful stench. This plague lasted 

for seven days.”

First documented harmful algal bloom?







Region Impact Algae Species

West coast ASP Diatoms Pseudo-nitzschia sp.

Alaska ASP Diatoms Pseudo-nitzschia sp.

Hawaii Ciguatera Dinoflagellate Gambierdiscus toxicus

Florida Ciguatera Dinoflagellate Gambierdiscus toxicus

ME, OR, CA NSP Dinoflagellate Dinophysis sp. 

Prorocentrum lima

GOM, NC, SC NSP Dinoflagellate Karenia brevis

Mid-Atlantic Karlotoxins Dinoflagellate Karlodinium venificum

Gulf of ME PSP Dinoflagellate Alexandrium sp.

Mid-Atlantic Ecosystem

disruption

Pelagophyte Aureococcus 

anophagefferens

West coast PSP Dinoflagellate Alexandrium catenella

Texas Eco disrupt Pelagophyte Aureoumbra lagunensis

East Coast Fish kills Dinoflagellate Pfiesteria piscicida

Nationwide Cyanotoxin Cyanobacteria Microcystis, Anabaena

WA, RI Fish kills Raphidophyte Heterosigma akashiwo



Distribution of US HABs



Many HABs contain toxic compounds which can impact all levels of 

marine food webs, including humans.



http://www.chbr.noaa.gov/pmn/images/humanhealthsyndromes.jpg





Ecosystem disruption by HABs: Death of marine life

HABs cost the US ~$100sM annually



Why have HABs proliferated?

• Anthropogenic nutrient loading

• Loss of key food web predators in 
local ecosystems that may allow HAB 
species to thrive if introduced.

• Global climate change producing a 
wider range for some HABs.

• More comprehensive monitoring and 
reporting



Samples for eelgrass genetic analysesHarmful algal blooms across Long Island

Brown tide Rust TidePSP DSPToxic blue green algae Seaweeds



Some infamous US HABs…



Florida (and Texas) Red Tide blooms
caused by Karenia brevis

(formally known as Gymnodinium breve)



Brevetoxin can affect human health by….

• Eating shellfish =NSP
• Acute onset (minutes to hours)

• Symptoms include:

Gastrointestinal- abdominal pain,      

nausea, vomiting, diarrhea

Neurological- headache, vertigo, 

numbness of lips, mouth and face, 

muscle pain, loss of coordination, 

partial paralysis, tingling 

sensations, convulsions, 

respiratory distress, temperature 

reversals

• Rapid resolution (days)

• Skin contact

• Inhalation of aerosols



Ciguatera Fish Poisoning

 Gambierdiscus toxicus, 

an epiphytic 

dinoflagellate

 Associated with 

marcroalgae in tropical, 

coastal regions

 Optimum conditions: 

shallow waters, 25-34°C, 

25-40 ppt

 Ciguatoxin concentrates 

up the food chain



Gambierdiscus cells grow 

epiphytically on macroalgae



 Acute onset

 Early symptoms (24-48 h): Gastrointestinal
 Pain, cramping, diarrhea, vomiting

 Late symptoms
 Neurological

• Headache, toothache

• Temperature disturbance (hot-cold sensation reversal)

• Respiratory paralysis and seizure in severe cases

 Cardiovascular

• Heart rate abnormalities (rare), usually bradycardia

Ciguatera Fish Poisoning: Symptoms



Ciguatera Fish Poisoning

 ~ 50% of US seafood poisoning

 90% - Florida and Hawaii Usually large fish, 

bottom dwellers and reef fish

 Red snapper, Grouper, Amber Jack, Sturgeon

 Toxins

 Bioaccumulate

 Stable and heat resistant

 Lipid soluble

 Highly potent (clinical effects from <1 mg)



Not all HABs are Dinoflagellates



Pseudo-nitzschia

• Genus- Diatom

• Location-
– along the Pacific 

Northwest coast of the 
United States and along 
the Atlantic Northeast 
coast of Canada and the 
Gulf of Mexico.

– Around the world

• Domoic acid, associated 
with ASP in humans.

Pseudo-nitzschia seriata - (Cleve) H. 

Peragallo (400 x)

http://www.regione.emilia-romagna.it/crm/images/im_Pseudo_nitzschia_seriata.jpg
http://www.regione.emilia-romagna.it/crm/images/im_Pseudo_nitzschia_seriata.jpg
http://en.wikipedia.org/wiki/Image:Domoic-acid.png
http://en.wikipedia.org/wiki/Image:Domoic-acid.png


Domoic acid Poisoning
Shellfish beds closed to harvest at 20mg/g shellfish meat



Amnesic Shellfish Poisoning: Human 
Symptoms

• Early symptoms: Gastrointestinal
– Nausea, vomiting, diarrhea

• CNS symptoms
– Dizziness
– Cognitive effects
– Disorientation
– Memory loss
– Delirium
– Seizures
– Agitation

• Highly variable course
– 10% with permanent neurological damage



Amnesic Shellfish Poisoning:  Cause 
of ‘The Birds’

Scanning electron microscopy images of 

zooplankton gut contents collected in July–

August 1961 from Monterey Bay, 

California. 



Paralytic Shellfish Poisoning-

PSP

Alexandrium Pyrodinium Gymnodinium



Paralytic Shellfish Poisoning (PSP): Globally significant 

human health syndrome caused by the saxitoxin producing 

dinoflagellates.

Samsur et al. 2006

Saxitoxin blocks 

sodium channels; 

symptoms include: 

tingling sensation of 

mouth, lips and 

fingersmuscular 

weakness death due 

to respiratory failure

Heat Stable



Anderson 1994

• PSP found worldwide 

with causative 

organisms varying

• Global expansion of 

blooms 

• Increased coastal 

monitoring vs. 

anthropogenic nutrient 

loading?

 

Glibert et al. 2005

The global occurrence of PSP:



PSP-shellfish bed 
closures across 

Long Island

Northport-Huntington Bay

Mattituck

Shinnecock Bay

Sag 
Harbor

Northport, Huntington

Riverhead

Laurel



Alexandrium cells and shellfish toxicity: 2008

Monitoring of cells predicts 
shellfish toxicity with two 

weeks lead time.
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Presence of PSP-producing Alexandrium 

in LI: 2007-2015

= cells not detected

= < 100 cells L-1

= > 1,000 cells L-1

= 100 - 1,000 cells L-1

**circles represent the highest observed densities at each site** 

~1020 time points

• Alexandrium found at 62 of 76 sites sampled (82%)



Alexandrium sp.
Cysts

• Environmental stress 
cues sexual reproduction 
and cyst formation.

• Cysts deposited by the 
fall of a given year are 
predictive of blooms the 
following spring



LIS Long Island Sound

Northport-Huntington Bay complex

Figure 10.  Mean cyst concentrations (cysts cc-1) in Northport-Huntington Bay, NY 

sediments during November 2009. 
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What drives New York 
blooms?
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Scudder Beach sewage 

treatment plant 

Effluent discharge, 

0.4 million gallon 

per day



Expansion of PSP-induced shellfish bed 

closures on Long Island, 2005 – 2015
Prior to 2006, Long Island had never experienced a PSP event
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Changes in Northport Bay STP effluent 
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Diarrhetic Shellfish Poisoning

 Dinoflagellates

 Dinophysis spp.

 Prorocentrum lima 

(epiphytic brown 

macroalgae)

 Species reported in 

the US but associated 

illnesses not reported 

until summer 2011

 Okadaic acids and 

dinophysistoxins



Diarrhetic Shellfish Poisoning: Human 

Symptoms

 Gastrointestinal illness

 Diarrhea, nausea, vomiting

 Rapid onset, rapid resolution

 No neurotoxic effects 

 Long-term effects? (Possibly 

tumorigenic)

 FDA level in shellfish – 0.16 ppm 

okadaic acid plus 35-methyl-

okadaic acid =160 ng/g shellfish 

tissue

diarrheatreatmentinfo.com



Dinophysis ovum

Deeds et al., 2010

et al., 2010

2008

Oysters = 470 ng/g  OA
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2011 Peak densities ~1.3 

million cells per L! 

Highest observed 

densities in NY, 

1971-1986 

(n=1300)

• Every year except 2009, 2013 and 2015 had higher bloom densities 

than those previously reported in New York. 

• The largest bloom occurred in 2011 (>106 cells L-1). 



DSP toxins ng/g
FDA action level = 160 ng/g

=shellfish sampling site

Mytilus edulis

total 

OA 
PTX2

1245 115

Mytilus edulis

total 

OA 
PTX2

142 9

Mytilus edulis

total 

OA 
PTX2

165 5

Mya arenaria

total 

OA 
PTX2

957 66

Geukensia demissa

total OA PTX2

1137 71

Key

Mytilus edulis = blue 
mussel

Mya arenaria = soft 
shell clam

Geukensia demissa = 
ribbed mussel

2011



= cells not detected

= < 1000 cells L-1

= > 105 cells L-1

= 1,000 - 10,000 cells L-1

= 10,001 - 100,000 cells L-1

Presence of DSP-producing Dinophysis 

in LIS: 2008-2015

**circles represent the highest observed densities at each site** 

~950 time points

• Dinophysis was observed at 54 of 54 sites sampled, and 17% of those sites had 

higher densities than those reported ~30 years ago (Freudenthal and Jijina, 1988). 

• The largest blooms occurred in Northport Bay and Meetinghouse Creek. 



Cochlodinium polykrikoides

• Dinoflagellates

• Chain-forming

• “Rust tide” 

• Approximately 20-40 µm in 
size
• Perform diel vertical 
migration
• Cysts observed in cultures 

(Tang and Gobler 2012)



Samples for eelgrass genetic analysesCochlodinium rust tides

Cochlodinium

Cochlodinium

Cochlodinium

• An East End phenomenon: Peconics, Shinnecock 
• Typically occurs in August and September
• Forms distinctive, large patches



Cochlodinium polykrikoides blooms in NY, USA

> 104 cell ml-1 ~103 cell ml-1

~102 cell ml-1



Cochlodinium polykrikoides blooms in 
New York, 2004 - 2010 





Cochlodinium impacts on planktivorous fish
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Samples for eelgrass genetic analysesLong Island Brown tide blooms

Brown tide

• A south shore phenomenon: Great South Bay, 
Moriches, Quantuck, Shinnecock Bay

• Typically occurs in June – July, September - November
• Turns bays dark-to-light brown



Ocean flushing and brown tides



Before

New ocean 
inlet

Salinity before the new 
inlet

Salinity after the new 
inlet

After

New inlet in Great South Bay following Hurricane Sandy

Flushing time week to months Flushing time one daily





Toxic cyanobacteria ecology and 

health effects

•Cyanobacteria blooms usually occur in eutrophic freshwater lakes 
during warmer months (peak recreational period)

•Many strains of freshwater cyanobacteria synthesize potent 
hepatotoxins and neurotoxins, such as microcystin and anatoxin-a, 
respectively

• The World Health Organization (WHO) has set a 1µg per liter
concentration for microcystin as a guideline level for safe drinking 
water.

•Cyanotoxins can cause serious neurological and gastrointestinal 
disorders and have been associated with gastrointestinal cancers.

•Cyanotoxins have been linked to deaths in waterfowl, cattle, and dogs



Bloom Formation

Mechanisms for bloom formation 

include:

•Poorly flushed waters (high residence 

time)

•Excess nutrient concentrations 

(eutrophication)

•Decreased grazing pressure

•Higher water temperatures: >15˚C
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Lake Agawam, Southampton





Long Island Marine Monitoring 
Network (LIMMN) 



How? 

• The monitoring program 
utilizes both continuous 
logger data and discrete 
sampling data.

• At each location, an 
autonomous sensor 
(Onset HOBO U26) 
measuring temperature 
and DO is deployed and 
these sensors collect and 
store data at 10 minute 
intervals. 

• New this year –
telemetry data.



https://you.stonybrook.edu/goblerlab/

https://you.stonybrook.edu/goblerlab/




https://you.stonybrook.edu/goblerlab/real-time-water-quality-data/

https://you.stonybrook.edu/goblerlab/real-time-water-quality-data/


Automated telemetered profiler



150 days of vertical profiling in Jamaica Bay, 2017
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High resolution 

surface mapping

Underway towing 

profiler





Chlorophyll a (µg L-1)



Three-dimensional profiling of DO (mg L-1) in Jamaica Bay
August, 2015





Conclusions 

• Harmful algal blooms are an increasingly common 
phenomenon in coastal ecosystems.

• Better detection methods, climate change, over-fishing and 
enhanced nutrient loading are leading to more frequent 
HABs.

• HABs can harm humans and/or marine life.

• HABs can be caused by dinoflagellates, diatoms, 
cyanobacteria, and others.


