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My Lenses: 
Ecosystem Scientist

Cary Institute researches the environmental issues you care about.
Because you can't make the world better without knowing how it works.

Science for the Future of Our Planet

Millbrook, NY Headquarters



“…

Research Director/Chair of SAC
 with

The Lake Sunapee Protective Association (LSPA) 

125+-year old association
member supported
6+ staff; volunteers

outreach, education (4-5K people/year)

Focus:  preserving and enhancing 
environmental quality of Lake Sunapee, NH 

watershed and beyond

Not every use of land or water is wise or sustainable. It is 
imperative that our personal actions and our community 

choices are informed by rigorous science.” Col. W.S.B. Hopkins – 
LSPA's first President, 1898

But, how?
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Mission: The Global Lake Ecological Observatory Network 
conducts  international team science to advance our 

understanding of  lakes  and their benefits in a changing 
environment

Networked lake science

Institutional and funding support provided by

Grassroots!

Co-Chair Emerita
from

Infancy to Adulthood



Earth’s Water

2.5% 
Freshwater

Lakes 
0.3%

97.5% Salty



Freshwater resources are CRUCIAL to the 
health of people, the environment, and 

the economy,
everywhere on the planet

People are passionate about lakes

"Saranac Lake, Morning," 
Homer Dodge Martin, 

1857 

117,000,000 Freshwater Lakes 
on the Planet*

*Verpoorter et al. 2014



Weyhenmeyer et al. 2024

Where Are the Lakes?

70% North America

4% South America

20% Europe

1% Africa
5% Asia and Oceania



Biological Diversity!

Freshwater ecosystems hold an estimated 
10% of all animal species on Earth,
50% of all known fish species, and 

10s of 1000s of inland water algal species.

Lake Nakuru, Kenya Strayer, D. 2024. Beyond the S



Water Resources Are Under Pressure:
Quantity and Quality

Slide courtesy of David Hamilton



Changing Climate

Lakes are showing
effects of climate change

Lake Tanganyika photo by Pierre-Denis Plisnier 



Chapter 2  |  Fifth National Climate Assessment  |  nca2023.globalchange.gov

As the World Warms, the US Warms More:
The United States is Projected to Warm Faster 

than the Global Average



Chapter 2  |  Fifth National Climate Assessment  |  nca2023.globalchange.gov

Heavy Precipitation Events Are Becoming 
More Frequent and Intense Across Much of 

the Country. 



Source: O’Reilly et al. 2015

Lakes Are Warming Across the Globe



Warming Temperatures = 
Changes in Lake Stratification

Lake Tahoe: Warming lake temperatures mean a longer “growing season” for 
aquatic plants.

Source: State of Lake Tahoe 2012



Ice out ~ 1 day earlier/10 years

Warming Temperatures = 
Changes in Ice Cover

Lake Sunapee, NH



The Color of Earth’s Lakes is Changing

~85,360 lakes



Photo credit: Perri Paul and Tom Mills, NYC DEP 

Photo credit: Midge Eliassen

Ashokan Reservoir, NY after Hurricane Irene

Lake Sunapee, NH

Blue, Brown, Green: 
Where and Why?



The Color of Earth’s Lakes

Yange et al. 2022. Geophysical Research Letters DOI: (10.1029/2022GL098925) 

Blue Lakes < 1/3: 
Deeper, cool, high latitude, high precip,
winter ice cover

Green-Brown Lakes~ 2/3: 
More widespread, drier regions,
 continental interiors, along coastlines

Color driven by: 
Algae and sediments; 

Air temp, precipitation, lake depth, 
elevation matter, too
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https://ipib.wisc.edu/2025/06/02/ancient-cyanobacteria-holds-new-insights-into-evolution-of-photosynthesis/

Cyanobacteria are Normal



Cyanobacterial Blooms 
(aka Harmful Algal Blooms(HABs)) 

Are a GLOBAL Problem, and They Are on the Rise

Lake Taihu, China

Feng et al. 2024
https://www.lakechamplaincommittee.org/learn/news/summers-end-enews-2023/in-full-cyanobacteria-bloom



Cyanobacterial Bloom  
“Downstream” Negative Impacts

Lake Erie
Photo: Zachary Haslick, Aerial Associates Photography, Inc

*Ho et al. 2021

Functional and Aesthetic Impacts:

            Ecosystem services
 Economic value 

 
   >$4Billion Problem*

  Cascading Impacts:

       Productivitydecomposition  
decreased oxygen availability 
 fish kill = Dead Zones



Why Care? 
Many Cyanobacteria Are Toxic

• Health Effects 
• Dogs, livestock, 

wildlife, and 
people

• Better-Studied Forms
• Neurotoxins
• HepatotoxinsLake Taihu, China

Photo : Cayelan Carey



What Causes Cyanobacterial Blooms?

• Definitively linked to 
increased phosphorus (P) 
availability

• Increasing evidence 
increased availability of 
nitrogen (N) plays a role

Based on knowledge about eutrophic (nutrient-rich) freshwater systems



P, N

Cyanobacterial Blooms in Lakes are a 
Consequence of Human Activity

Thanks to Sam Fey for finding train images: http://www.arthursclipart.org/transport/land/train%20cartoon.gif
http://georgeberlin.files.wordpress.com/2009/05/box-car.jpg?w=600&h=387
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Photos by Midge Eliassen

Enter the Surprise Protagonist:
Gloeotrichia echinulata

“Gloeo” (2004), a cyanobacterium,
Lake Sunapee, NH

Discovered by community members, 
brought to the attention of LSPA

 



Photo by Midge Eliassen

Lake Sunapee is Nutrient-Poor (Oligotrophic)



Cyanobacterial Blooms in Oligotrophic Lakes? 
An Ecological Puzzle

ICE,  Lake Sunapee, NH, March 2016. Photo by M. Eliassen



source: “Gloeo gang” KLC, KCW, CCC, HAE et al.  

Peak Gloeo Cyanobacterial Bloom Density in 
Lake Sunapee:

Highly Variable from Year-to-Year
 

    
     

 

~500 μm 



Gloeo Cyanobacterial Blooms Also Highly 
Spatially and Temporally Variable

Carey et al. 2012



What Drives High vs. Low 
Bloom Years? 

• Ice-out date?

• Water temperatures?
• Warmer better for 

cyanobacteria

• Stratification/Mixing?
• Mixing bad for 

cyanobacteria

• Precipitation?
+ Nutrient loading

• Mixing
Bruesewitz, Carey, Richardson, Weathers

Holy Grail



Need to Understand 
Biology!



Cyanobacterial Blooms in Oligotrophic Lakes? 
An Ecological Puzzle

ICE,  Lake Sunapee, NH, March 2016. Photo by M. Eliassen
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Scientific Publications
“Global Lakes”

Landsat Satellite Data Become Publically Available

Global Lake Ecological Observatory Network
is Born

First GLEON >25 lake pub
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Networked Lake Science:
How?
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Three Networks



… a network of lake observatories …

More than 150 lakes  (120 buoys) across 6 continents 
and 63 countries



Lake Sunapee, USA

Lake Erken, Sweden

Yuan Yang Lake, Taiwan
Torrens Lake, Australia

Ormajärven, Finland

Lake Annie, USA Lake Rotorua,
 New Zealand

Crystal Bog, USA

Lake Mangueira,
Brazil

Lake Plomo, Chile

Typical Buoy Instrumentation

•Above lake weather (wind, temperature)

•Photosynthetically Active Radiation 

•In-lake temperature (thermistor) chain

•Dissolved oxygen sensor

•Turbidity, chemistry, etc.

… a network of  Lake Observatories …



… and a network of high and
low frequency data



>500
(outside 

US)

Membership growth Outside-US Representation

GLEON is an international grassroots 
network of people focused on lakes

1000 members (1/3 grad students)
                  63 countries



GLEON All Hands’ Meetings 

Ad Hoc Projects 
Abound

Community

Working groups

Teamwork

An inclusive process
Promotes innovation  and discovery
Early career leadership

28 Meetings
16 different countries

Argentina, Australia, Austria, Brazil, 
Canada, China, Finland, Indonesia Ireland, 
Israel, New Zealand, Poland, South Korea, 
Sweden, Taiwan, United States



LSPA’s Global 
Influence:

Partnerships between 
scientists and lake 

associations result in 
innovative science , 

outreach, and 
education



Bringing Global Knowledge to LSPA
Provide Advice and Guidance

Lisette deSenerpont Domis, The Netherlands
GLEON co-Chair



Scientists:
Dr. Lisette de Senerpont 
Domis, Netherlands 

Dr. Jennie Brentrup
Dartmouth

Dr. Holly  Ewing
Bates

Dr. Paul Hanson
Univ Wisconsin

Dr. Jess Trout-Haney
Dartmouth

Nicole Ward
Virginia Tech

Dr. Kak Weathers
LSPA/Cary Institute

Maine DEP:
Linda Bacon
Jeremy Deeds

Sunapee Cyano Summit, 6-7 March 2019
LSPA

What do we know (from around the world), what do we need to know, and 
should we try to manage cyanoblooms in clear water lakes?



This manuscript was initiated during the 2022 Global Lake Ecological Observatory 
Network (GLEON, www.gleon.org) meeting in Lake George, NY. Harris et al. 2024.

http://www.gleon.org/


“Investing in continued research. 
Research on bloom formation in 
both nutrient-rich and low-nutrient 
lakes is necessary due to the 
uniqueness of each water body and 
the type of HAB that may appear 
there. For example, Ms. Hurlbutt 
called for ongoing research to 
identify causes of blooms in places 
like Hemlock Lake, which is low in 
nutrients and has little agricultural 
land around it. Only by 
understanding specific contributors 
can treatment and mitigation be 
most effective. 
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Ecosystem effects of a tropical cyclone on a 
network of lakes in northeastern North America

J.L. Klug, D.C. Richardson, H.A. Ewing, B.R.Hargreaves, 
N. R. Samal, D. Vachon, D.C. Pierson, A. E. Lindsey, 
D. O'Donnell, S.W. Effler and K.C. Weathers.  2012. 
Environmental Science and Technology 46 : 11693 –11701

A research project that was conceived of at an all hands’ GLEON meeting 
in Sunapee, NH, a few months after Irene and Lee swept through the northeast.







(a) Kensico Reservoir
(b) Lake Lillinonah
(c) Roundout Reservoir
(d) Ashokan Reservoir
(e) Lake Lacawac
(f) Lake Sunapee
(g) Lake Onondaga
(h) Lac Croche
(i) Lac Simoncouche

Water Temperature

Klug et al. 2013



Ashokan Reservoir September 1, 2007.  Photo credit: http://www.northeastcycling.com/catskills_tour.htm 

Ashokan Reservoir before Irene



Photo credit: Perri Paul and Tom Mills, NYC DEP 

Ashokan Reservoir after Irene
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Adopt Adaptive Management & Planning:
Focus on Hotspots in the Watershed Extreme Events

Lake Sunapee, NH Road Culvert Re-sizing: Planning based on past storms is no longer 
adequate.

Photos: Midge Eliassen



• Continue nutrient 
and sediment 
reduction to 
maintain lake’s 
resilience +

• Foodweb + Biology
• Develop new 

communication 
tools and messages 
for oligotrophic 
lakes

Build Resilience: 
w Focus on 
Oligotrophic Lakes

Photo courtesy of TERC



Average Chlorophyll, 1984-2024
(remotely sensed observations)

1.8 – 6.3

6.3 – 7.0

7.0 – 8.0

8.0 – 10.5

10.5 – 41.6

Chlorophyll (µg/L)

Max Glines: Weathers’ Lab figure
anly, P.J., Webster, K.E. & Soranno, P.A. LAGOS-US LANDSAT: Remotely sensed 
water quality estimates for U.S. lakes over 4 ha from 1984 to 2020. Sci Data 12, 
1315 (2025). https://doi.org/10.1038/s41597-025-05600-w

n = 1,225,645 total observations
N = 4,465 lakes
275 observations per lake



Freshwaters  Are 
Critically Important 

They Are Threatened

Need to Understand
Ecological System to

Forecast, 
Manage, 

Adapt.

New Tools, Approaches, 
Local-Global Collaboration,

Co-Create Knowledge
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