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• cyanoHABs = cyanobacterial Harmful Algal Blooms

• Synonymous with:
• Cyanobacterial bloom
• Algal bloom
• Blue-green algae

CyanoHABs 



• Possible environmental effects of cyanoHABs
• Clogs fish gills
• Decreases light availability 
• Creates oxygen dead zones and fish kills
• Produces cyanotoxins

• And for people?    Impacts to

CyanoHABs 

RECREATION

CONSUMPTION

INDUSTRIES
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Triggers of CyanoHABs? 



Cyanobacterial Blooms in the U.S. 



Cyanobacterial Blooms in the U.S. 

Nutrient-
dependent



High Nutrient Lakes
Eutrophic, Hypereutrophic

Low Nutrient Lakes
Oligotrophic, Mesotrophic

Gloeotrichia spp.

Dolichospermum spp.Microcystis spp.

Microcystin-producing Cyanobacteria



Trophic States in Maine Lakes

From Sheldon and Anderson 2016



Cyanobacterial Blooms in Maine Lakes 



• Gloeotrichia 
already identified 
in 19/22 lakes 
sampled in Maine

From Carey et al. 2012

Gloeotrichia in Maine Lakes 



• Gloeotrichia has a 
meroplanktonic life cycle

• Light and temperature affect 
recruitment from sediment

Gloeotrichia in Maine Lakes 

Motile cyanobacterium in 
the water column

Akinete that overwinters 
in the sediment



Average Temperature 

Anomaly (°C)

Winter

(DJF)

Spring

(MAM)

Summer

(JJA)

Fall

(SON)

Northern +0.28° +0.09° +0.14° +0.20°

Central +0.30° +0.10° +0.12° +0.20°

Coastal +0.92° +0.31° +0.28° +0.61°
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Climate Change in Maine

From Runkle et al. 2017

• Periods of 
warmer and 
cooler seasons 
(winter and 
summer) in 
Maine
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Monitoring Limitations

• Monitoring bodies: EPA 
National Lakes Assessment, 
USGS, Maine Lakes, Lake 
Stewards of Maine

• Lack of knowledge prior to 
current monitoring programs

• Rapid response to 
environmental changes that can 
complicate interpretation from 
monitoring efforts 
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• Paleolimnology: the study of 
lakes and lake sediments to 
reconstruct past climatic and 
environmental changes

• Temporally integrative

• Proxies and techniques to infer 
the past
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Paleolimnology – Photosynthetic Pigments

Chlorophylls

and

Carotenoids
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Paleolimnology – Photosynthetic Pigments



• Pigments = taxonomic 
classes/orders

• Sediment DNA = taxonomic 
genera/species

Paleolimnology



• Quantitative PCR 
(qPCR): measures 
DNA concentrations

• Metabarcoding: 
measures 
biodiversity to 
describe community 
composition

Paleolimnology – Sediment DNA



From Picard et al. 2022

Paleolimnology



Adding it all together

Temperature records

Sediment
DNA

Photosynthetic pigments



Adding it all together

Use photosynthetic pigments and sedDNA 
records at a decadal resolution across lakes in 
Maine that vary in nutrient concentration and 
climate zone to determine the seasonal drivers 
of cyanoHABs (especially, Gloeotrichia) over the 

past 150 years. 



Implications

Uncertainty of 
Climate Change + 

Triggers                
of cyanoHABs due 

to:

Different species response
Gloeotrichia, specifically

General climate parameters
Periods of warmer/cooler 

seasons

Insufficiently long time series
Paleolimnology

Focus on high-nutrient lakes
Maine’s low-nutrient lakes



Implications

• Implications for lake managers and landowners, 
especially in areas of high recreational and 
drinking water use

• Informing scientists and managers about how 
to anticipate summer conditions and modify 
management plans as needed
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Study Sites

Region

Change in 
winter 

temperature 
since 1850 

(°C)

Lake
Trophic 

state
Avg TP 
(µg L-1)

Chl (µg L-1)
Gloeotrichia 

present

Marine 
clay layer 

(Y/N)

Northern +3.7

Gardner O 5 1.7 NA N

Pleasant O 4 1.2 NA N

Meduxnekeag M 13 4.1 H N

Monson E 40 16 NA N

Central +4.0

Echo O 6 2.5 L N

Long O 10 2.8 M N

Great M 14 5 H Y

Sabattus E 48 27 M Y

Coastal +4.3

Sebago O 3 1.8 M N

Square O 8 2.6 L N

Damariscotta M 12 4.6 NA Y

Sennebec E 22 5 NA Y
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Federal/State Partners
• Portland Water District
• Maine Department of 

Environmental Protection
• USGS New England Water Science 

Center

Regional Associations
• 30 Mile River Watershed 

Association
• Maine Lakes - Lakes 

Environmental Association
• Lake Stewards of Maine
• Midcoast Conservancy 
• 7 Lakes Alliance 

Local Lake Associations and 
Landowners
• Red River Camps
• Island Falls Lake Association
• Little Ossipee Lake Association
• Belgrade Lakes Assocations
• MANY local landowners

Research Centers
• University of Maine
• Colby College
• Bigelow Laboratory for Ocean 

Sciences
• Netherlands Institute of Ecology 

Collaborations
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Local Lake Associations and 
Landowners
• Red River Camps
• Island Falls Lake Association
• Little Ossipee Lake Association
• MANY local landowners

Research Centers
• University of Maine
• Colby College
• Bigelow Laboratory for Ocean 

Sciences
• Netherlands Institute of Ecology 

…so THANK YOU!
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Center
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• Midcoast Conservancy 
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…so THANK YOU!

Understanding the history of Maine lakes 
TOGETHER allows us to better understand the 

current conditions and project the future of 
cyanoHABs in Maine lakes. 



Dr. Jasmine Saros

The Lake Ecology Lab at 
The University of Maine

Regional Associations
• 30 Mile River Watershed 

Association
• Maine Lakes - Lakes 

Environmental Association
• Lake Stewards of Maine
• Midcoast Conservancy 

Local Lake Associations and 
Landowners
• Red River Camps
• Island Falls Lake Association
• Little Ossipee Lake Association
• MANY local landowners

…so THANK YOU!



Questions or Feedback?

Email: avery.lamb@maine.edu
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Temperature Anomaly by Season
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