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Outline

ωTypes of HABs

ωCyanobacteria

²Ƙŀǘ ƛǎ ŀ άƘŀǊƳŦǳƭ ŀƭƎŀƭ ōƭƻƻƳέΚ

ωImpacts on humans

ωImpacts on aquatic life

Impacts of freshwater HABs

ω/{LΩǎ /ŀȅǳƎŀ [ŀƪŜ I!.ǎ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳ

ωCayuga Lake HABs patterns

HABs on Cayuga Lake

Photo by Jeanne Sullivan, CSI HABs volunteer
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What is a Harmful Algal Bloom? Impacts of Freshwater HABs HABs on Cayuga Lake
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Cyanobacteria

What is a Harmful Algal Bloom? Impacts of Freshwater HABs HABs on Cayuga Lake

Photo by Ken Riemer, CSI HABs volunteer

Photos by Holly Davidson and Joni Dropkin, CSI HABs volunteers



What are cyanobacteria?
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~3.8B

~2.7B

~2.4 - 2.1B

>1B

~480M YEARS AGO

~200M YEARS AGO

~250,000 YEARS AGO



Cyanobacteria

Part of a healthy, balanced , 
normal freshwater ecosystem
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²ƘŜƴ Řƻ ǘƘŜȅ ōŜŎƻƳŜ άƘŀǊƳŦǳƭέΚ

! άI!.έ ƛǎ ŀƴ ŜȄǇƭƻǎƛǾŜ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ƻŦ 
these cyanobacteria, which may produce toxins

What is a Harmful Algal Bloom? Impacts of Freshwater HABs HABs on Cayuga Lake

Photo by Michelle Jenkins, CSI HABs volunteer



What causes blooms?
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What is a Harmful Algal Bloom?
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Cyanobacteria

First 

photosynthesizers
Grow in certain 

conditions

Photo by Joni Dropkin, CSI HABs volunteer



Who cares if their populations are exploding?

What is a Harmful Algal Bloom? Impacts of Freshwater HABs HABs on Cayuga Lake



Cyanobacteria produce chemical compounds

Namikoshiand Rinehart 1996, Singh et al. 2011

Beneficial compounds
Harmful compounds
όάŎȅŀƴƻǘƻȄƛƴǎέύ

ÅAnti-cancer drugs
ÅAnti-viral drugs (can help 

treat HIV)
ÅAntibacterial drugs

ÅLiver toxins
ÅNeurotoxins
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Impacts on 
humans
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Broad impacts on the ecosystem

Carmichael and Boyer 2016, Bownik2016, Babicaet al. 2006

Anoxic conditions Out-competing other 
primary producers
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Namikoshiand Rinehart 1996, Singh et al. 2011

Beneficial compounds
Harmful compounds
όάŎȅŀƴƻǘƻȄƛƴǎέύ

Å Anti-cancer drugs
Å Anti-viral drugs (can help treat HIV)
Å Antibacterial drugs

Å Liver toxins
Å Neurotoxins

Cyanobacteria produce chemical compounds
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Bownik2016

Cyanotoxin / Zooplankton interactions

water fleascopepods

aƛŎǊƻŎȅǎǘƛƴΩǎ ǇƻǎǎƛōƭŜ 
impacts:
ÅMortality
ÅDecreased digestion
ÅDecreased motility
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Cyanotoxin / crustacean interactions

Mollusks and crustaceans 
seem to be more tolerant of 
microcystin concentrations, 

but this is variable

red swamp crawfish

Bownik2016
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Buss et al. 2019, Mehinto et al. 2021

Cyanotoxin / Amphibian interactions

aƛŎǊƻŎȅǎǘƛƴΩǎ ǇƻǎǎƛōƭŜ 
impacts:
ÅAltered enzyme activity
ÅDelayed hatching
ÅSusceptibility to parasites

the green frog
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Mehinto et al. 2021, Best et al. 2001, Gélinaset al., 2012

Cyanotoxin / Fish interactions

Brown trout

aƛŎǊƻŎȅǎǘƛƴΩǎ ǇƻǎǎƛōƭŜ 
impacts:
ÅSkeletal malformations
ÅOxidative stress
Å Increased heart rate

Rainbow trout
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Impacts of Freshwater HABs

Cyanotoxins Threats to humans Threats to wildlife
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HABs on Cayuga Lake

/{LΩǎ IŀǊƳŦǳƭ !ƭƎŀƭ .ƭƻƻƳ aƻƴƛǘƻǊƛƴƎ 
Program

Å5 years and counting

Å146 volunteers

ÅMost thorough HABs monitoring in 
New York State

/{LΩǎ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ 
Cayuga Lake HABs map ς
updated in real time
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/KPAê óD=NNEANô ?KIAO BNKI PDA 
verb harry, to harass or attack 
NALA=PA@HUë "O EJ ó= D=NNEAN D=SG 
=PP=?GO OI=HH C=IAëô 5DEO PANI S=O 
applied to our HABs volunteers to 
describe their vigilance.
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*Chlorophyll a can stem 
from organisms besides 
cyanobacteria, making 
this a roughestimate of 
bloom density

**Microcystin is only one 
of the possible 
cyanotoxins generated by 
cyanobacteria. It is a 
measure of toxicity from 
microcystin toxin, not of 
toxicity overall
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HABs on Cayuga Lake: data collected

Data from volunteers:

ÅLocation

ÅTime and date

ÅPhotos

ÅDescriptions

Data from CSI lab:

ÅCyanobacteria composition

ÅChlorophyll a concentration

ÅMicrocystin toxin concentration
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A note about 
chlorophyll a and microcystin toxin
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A note about 
chlorophyll a and microcystin toxin

Non-bloom chlorophyll a levels: 
Җнр ҡƎκ[
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A note about 
chlorophyll a and microcystin toxin

Microcystin limits
(set by NY State Dept. of Health):

Å5ǊƛƴƪƛƴƎ ǿŀǘŜǊ ƭƛƳƛǘΥ ҖлΦо ҡƎκ[

Å/ƻƴǘŀŎǘ ǊŜŎǊŜŀǘƛƻƴ ƭƛƳƛǘΥ Җп ҡƎκ[

It is NEVER safe to swim 
in a bloom! Always 

keep pets and children 
away from blooms!
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Dolichospermumsp.
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Microcystissp.
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Cayuga Lake Cyanobacteria

Dolichospermumsp. Microcystissp.

Dolichospermumsp. and MicrocystisǎǇΦ ŀǊŜ /ŀȅǳƎŀ [ŀƪŜΩǎ Ƴƻǎǘ ŎƻƳƳƻƴ ōƭƻƻƳ-forming cyanobacteria 
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Cayuga Lake HABs ςcyanobacteria
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Cayuga Lake HABs ςcyanobacteria
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Cayuga Lake HABs ςcyanobacteria
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In Microcystis-dominated blooms, chlorophyll a
and microcystin toxin are highly correlated

Cyanobacteria composition
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Spatial Patterns

microcystin toxin recreation limit: Җп ҡƎκ[
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Spatial Patterns

~50%

~75%

>4µg/L = high in microcystin toxin
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62% of all HABsobserved occur 
north of Sheldrake Point

80%of HABs high in microcystin toxin 
occurred north of Sheldrake Point

>4µg/L = high in microcystin toxin
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44% of all HABsobserved occur 
in the northern ¼ of Cayuga Lake

64%of HABs high in 
microcystin toxin occurred in 

the northern ¼ of Cayuga Lake

>4µg/L = high in microcystin toxin
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Why are Cayuga Lake HABs 
different on the northern vs. 

southern end?
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Why are Cayuga Lake HABs 
different on the northern vs. 

southern end?

Potential explanations:
ÅNutrients
ÅShallow water
ÅWarmer water
ÅHigher density of Microcystis

hΩ[ŜŀǊȅ Ŝǘ ŀƭΦ нлмф

нрΩ

мллΩ

нллΩ

пллΩ
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Plankton Net Surveys

8 locations are regularly 
surveyed during non-bloom 
conditions.

Surveys demonstrate denser 
populations of Microcystissp. at 
the north end of the lake
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HABs on Cayuga Lake

CSI volunteers!

HABs are (mostly) increasing

Main cyanobacteria

Dolichospermumsp.

Microcystissp.
/ŀȅǳƎŀ [ŀƪŜΩǎ 

northern portion 
sees worse HABs



HABs Database

/ƻƳƛƴƎ ǎƻƻƴΧaŀǊŎƘ нлно


