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New Opportunities

Sharma et al. 2015

Long-Term Relationships

Long-Term Observations Long-Term Experiments

Why are LTER programs important?

Modified from P. Groffman 2018 U.S. National Science Foundation
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HTM= Holocene thermal maxima; MCA= Medieval climate anomaly, 
LIA= Little ice age; AE= Anthropocene era 

Long-term Air Temperature Anomaly



Invasive
Species

Land Use

Toxic
Chemicals

Hydrologic
Alterations

Over 
Fishing

Nutrient
Loading

Climate
Change

The Problem of Multiple Stressors



Experimental Lakes Area Research Station



Canada’s Boreal Forest
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 Mean annual air 
temperature rising by 
0.41 °C /decade (> 2 °C 
since 1970)

 Global average is ~0.07 
– 0.08 °C /decade (since 
1880, NOAA)

Air Temperature at ELA – The past 50 years



Sharma et al. 2015

• ELA contributed to a global analysis of lake surface temperature.  
• 236 lakes, using in situ and satellite data. Figure represents period between 1985-

2009 (i.e. where satellite data was available).

Lake Surface Temperatures Increasing Globally



 Majority of temperature 
change in region occurs 
during winter and shoulder 
seasons (this is true for 
most of the northern 
hemisphere mid-latitudes)

 No significant change in 
temperature during 
summer period

• *p< 0.05, ** p< 0.01 of long-term monthly trends
• Long-term trends in December were 1.3 °C/decade (~ 6 °C since 1970) 
• Long-term trends in March were 0.74 °C/decade (>3 °C since 1970)

Air Temperature at ELA – Seasonality



Increased Ice-Free Season

+4 days/decade

Total change 20d



Ice Break-up and 

Formation

p<0.0001, R2= 0.74

Ice Off

Ice On

• Ice decay and formation dates 
are strongly linked to seasonal 
air temperatures;

• Potential for forecasting based 
on downscaled regional 
climate projections.

Ice-break up

Ice-formation



• Projections based on 
regional downscaled 
projections; mean of 20 
climate models.

• Projected decrease in ice-
cover period 50 days over 
the 1970-2070 period.
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“Most impacts of climate warming 
on boreal aquatic systems and 
carbon dynamics are anticipated 
to be a result of processes that 
link the terrestrial soils of 
watersheds to streams, wetlands 
and lakes rather than the direct 
impacts of temperature.”

Benoy et al. (2007)  Environ Rev

Williamson et al. (2008) Front Ecol Environ

How are lakes 
affected by climate?



• Algal blooms in Lake Winnipeg and Lake 
Erie are associated with both point 
source and non-point source phosphorus 
loading;

• Large increases in blooms since 1990 are 
related to land-use and higher than 
normal precipitation associated with 
climate change;

Climate change and algal blooms

Schindler et al. 2012 JGLR



• Large inter-annual 
variation in precipitation;

• Rainfall during earlier 
portions of the time series 
have strong periodicity 
(~31 y period); 
Importance of long time-
series

• Significant increases in 
total annual precipitation 
detected; Driven by 
changes in summer 
rainfall.

Annual

Rain

Is It Getting Wetter? 

Snow

Emmerton et al. 2017, Parker et al. 2009



Precipitation vs. Dissolved 
Organic Matter (DOM)



Zphotic

More Rain - Lakes Getting Darker

Zthermocline



Phytoplankton

• DOC associated with 
increases in epilimnetic
biomass and photosynthesis 
despite declines in water 
clarity;

• However, depth integrated 
photosynthesis either 
remains unchanged or 
slightly negative;
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• Decline in size at age at many age 
classes; pattern observed in 
multiple lakes;

• No change in abundance 
detected, but apparent shift 
towards younger size classes
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Warmwater Fish



• No significant changes in abundance 
detected 

• Reduced adult survival (shift in age class 
to younger fish)

• Shift in length at age (fish getting 
‘shorter’)

• Shift in fitness (reduced mass per unit 
length)

• Reductions in trophy fish

Largest 5% of the population

Coldwater Fish – Trophy Fish



Expanding Opportunities

Sharma et al. 2015

Long-Term Relationships

Long-Term Observations Long-Term Experiments

Why are LTER programs important?

Modified from P. Groffman 2018 U.S. National Science Foundation



Acknowledgements

The IISD-ELA is located on the traditional homelands of the Anishinaabe First Nation;

Fisheries Research Board of Canada and Fisheries and Oceans Canada operated the 
ELA from 1968-2013, after which the IISD Experimental Lakes Area assumed 
operation;

Long-term collaboration with Environment Canada and Climate Change in operation 
of the Meteorological Station;

Funders: Government of Canada, Government of Ontario, Government of Manitoba, 
Many donations from foundations and people like you (Thank you).



Acknowledgements
Aaron Klymasz-Swartz Aaron Kowall Agnes Foyt Ainslie MacBeth AJ Chapelsky Akira Furitani Al Solinske Al Weins

Alain Dupuis Alan Buhr Alex Salki Alex Wall Alexis Burt Alia Wetherow Alison turner Alix Cameron

Allison MacHutchon Allison Selkirk Almuth Klemenz Amy Gilbert Amy Hayden Andre Dufresne Andrea Cherry Andrew Hamilton

Andrew McLeod Andrew MkKinnon Andy Heaton Andy Majewski Angela Barratt Angie Hesse Anja Naepfal Anne Bordeleau

Annika Putt Barbara Graham Barry Briscoe Bill Mills Bob Corbett Bob France Bob Fudge Bob Howarth

Brenda Koenig Brendan Allan Brian Houser Brian Kotak Brian Page Brian Parker Brian Zawadsky Bruce McCulloch

Bruce Pollard Bruce West Bryan Page Buster Welch Cameron Grose Cameron Robinson Carol Kelly Catelyn VanVeen

Cathy Mesa Chandra Rogers Charlie Madden Charlie Mattice Cheryl Podemski Christina Blouw Christine Pierroz Colin Charles

Connie Dancho Corbin Bristow Cory Anema Craig Emmerton Craig Fazakas Craig Millican Cyndi Wlasichuk Cyndy Desjardins

Cynthia Evans Dan Gilchrist Dan Hilderman Dan Hunnie Dan Leich Dan McCorkle Dan Rummery Dana Cruikshank

Dana Neumann Danica Vukmirovic Daniel Schindler Danielle Chiasson Danielle Goddard Darrell Ouimet Darren Anderson Dave Bertrand

Dave Findlay Dave Holla Dave Kawchuk Dave Mayhood Dave Murdoch Dave Williams David Callaghan David Epp

David Lane David Lawrence David Murray David Schindler David Williams Deanna Wittmeier Dianne Malley Dick Beamish

Donna Rystephanuk Donna Vukmirovic Doreen Middleton Doris Carter Doug Allen Doug DeClercq Doug Gibson Doug Harper

Doug Hayward Doug Mayhood Doug Ramsey Drew Bodaly Ed Kennedy Edda Phillips Edwin DeBruyn Eleanor Zurbrigg

Elise Watkins Elissa Van Wallenghem Elizabeth Joyce Emianka Sotiri Emmelia Wiley Eric Matheson Eric Meade Eva Schindler

Everett Fee Forrest Bjornson Fran Gawley Francine Guay Frank Devries Fred Nykyforuk Garry Linsey Gary Jacobson

Gary Moore Gary Morrison Geoff Tomlinson George Kekesi Georgine Pastershank Geroge Krucik Gina VanWieren Ginger Gill

Glen Homes Glen Nice Gloria Sausena Gord Taylor Graham Blakelock Graham Dodds Grant Longe Grant McCaughey

Greg Brunskill Greg McCullough Greg Stevens Guy Hall Haley Anderson Harvey Thorleifsen Heather Holloway Hedy Kling

Helen Baulch Helve Hobe Henry Vandendort Herb Ziervogel Hisham Osman Howie Alkema Hugh Valiant Ian Davies

Ian Delorme Ian Hearne Ian Thorleifsen Jack Klaverkamp Jack Patalas Jacques Lagasse Jaimi Darley James Crichton

James Gray Jamie Braun Jan Barica Jane Orihel Jasmin Finch Jason Falk Jeannie Paterson Jeannie Pau

Jeff Cederwall Jeff Eddy Jeff Moyer Jeff Neufeld Jeff Rose Jenn Harvard Jennie Ryman Jenny Ferry

Jerry DeNoyelles Jessica Mai Jessie Clasen Jill Harvey Jill Wilkinson Jim Gibbons Jim Johnston Jim McComisky

Jim Millman Jim Nighswander Jim Prokopowich Jim Reist Jim Rettie Jim Rice Jim Russell Jim Simpson

Joan Fujiwara Joanne Mollard Joanne Taubensee Joe Knockart Joel Garlich-Miller Joel Lawrence Joelle Tomgronson Johanne Mooers

John Armstrong John Cherry John Crump John Embury John Flannagan John Lebedin John Mollison John Nicholson

John Penny John Rudd John Shearer John Stockner John Tauxe John Welhan Johnathon Paterson John-Mark Davies

Jose Sarica Joseph Tonin Joy Kennedy Julie Beveeridge Julie Wong Justin Budyk Justin Hubbard Justin Shead

Karen Kidd Karen Scott Karl Kesper Katharine Kelly Kathy Clark Kathy Ford Kathy Salki Katie Aoki

Katie Chan Kayla Moore Kazmerz Patalas Keith Kennedy Kelly Bush Kelly Cochrane Kelsey Fetterly Ken Beaty

Ken Donkersloot Ken Mills Ken Sandilands Ken Supeene Kent Simpson Kevin Baydock Kevin Sandermoen Kim Downey

Kim Hallard Kim Palmquist Kim Prohaska Kim Tyson Kory Pennebaker Kristen Chappell Kristen Patterson Kristy Baur

Kyle Sichewski Larry DeMarch Laura Alsip Laura MacLean Lauren Hayhurst Lauren Timlick Laurie Tinker Laurie Wesson
Leah Hicks Lee Carter Lee Hrenchuk Lee Powell Leif Sigurdson Len Hendzel Lenore Vandenbyllaardt Les Hummerston

Les Sanderson Leslie Roos Lillian DeBruin Linnea Mowat Liz Frost Liz Sawyer Lloyd Mohr Loes Breebart

Lois Kennedy Lori Tate Louise McDonald Lyle Lockhart Lyn Caswell Lynn Dupuis Lynne Melanese Lynne Rasmussen

Lystra Broten Madison Hornbeck Marc Amaral Marcus Threndyle Margaret Friesen Margot Buckley Marie Hendrickson Marie-Laure Acolas

Marilynn Kullman Mark Boone Mark Gillespie Mark Lyng Mark Prystupa Mark Thomas Mark Unger Marnie Branfeurin

Martha Summerby Mary Baker Mary Walsh Matt Guzzo Mavis Bollman Megan Borland Melanie Howe Melanie Lesage 

Melinda Welyki Michael Paterson Michael Rennie Michael Stainton Michael Turner Michele Nicholson Michelle Holigroski Mike Capel

Mike Dutton Mike English Mike Wilcox Moriah Rogoza Morris Holoka Muriel Magnaye Murray Kingdon Murray MacEcharn

Nancy Loewen Natalia Waldner Natalie Asselin Natalie Nikkel Neil Fisher Neil Fogg Neil Hutchinson Neil Strange

Norma Graham Norma Kritch Norma Scott Olya Babashko Pascale Colin Pat Crawford Pat O’Hara Patricia Ramlal

Paul Bettes Paul Blanchfield Paul Campbell Paul Fafard Paul Hummenchuk Paul Schaap Paul Weidman Peter Copis

Peter Crocker Peter Olesik Phil Anderson Phil Chang Rachel Schindler Randy Boychuck Ray Hesslein Rebecca Gervin

Reg Watson Richard Barnes Richard Robins Rob Moore Robert Hecky Roger Graham Roger Mollot Roland Rotter

Ron Reid Ron Schade Rosanne Marion Roscoe Dalke Ross Talman Russ Schmidt Sairah Malkin Sally Innanen

Sandy Chalanchuk Sandy McFarlane Sandy Meron Sara Braun Sarah Chapellaz Sarah Downey Sawn Tratch Scott Bergson

Scott Harrison Scott Harvie Scott Herron Scott Higgins Shannon Harris Shannon MacPhee Sharon Lawrence Sharon Ryland

Shaun Mallory Shaun St. Pierre Shawn Prychtko Shawna Davy Sheena Majewski Sheila Dennett Sheila Michaelis Sheila Nuson

Sherry Schiff Shirley Rushforth Simon Wiley Soleil Grise Sonny Holmstrom Sonya Higgins Sonya Michaleski Stefano Strapazzon

Stephan Himmer Stephanie Sirman Stephen McGovern Stephen Page Stephen Paterson Steve Holloway Steve Sandstrom Sue Dexter

Sue Hertam Susan Cyr Susan Jones Susan Kasian Susanne Brett Suzanne Bayley Tammy Munroe Tara Despault

Ted Ozersky Teresa Brehm Teresa Ruszczynski Terry Beacham Terry Parsonage Ticia Bednarz (Lyng) Tim Barker Tim Cooper

Tim Lutzak Tom Cleugh Tom Miller Trent Kostelny Trevor Woligroski Trish Sellers Tristan Hodge Vashti King

Vern Sawatzky Veronique Amours-Gauthier Vince Palace Vuong (Vern) Pham Wally Lesawich Wayne Johnston Willie Simons Wolfgang Jansen

Woody Nero


