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The Great Lakes

The North American Great Lakes, comprised of Lakes 
Superior, Michigan, Huron, Erie, and Ontario, contain 
over 20% of the world’s surface freshwater. The lakes 
contain 84% of North America’s surface freshwater, 
making them a critical ecological, cultural, and 
economic resource. As the world’s largest freshwater 
system, the Great Lakes are also one of the most 
biologically diverse ecosystems in the North America. 
The US Environmental Protection Agency’s (EPA) 
Great Lakes National Program Office (GLNPO) uses 
the Research Vessel (R/V) Lake Guardian to monitor 
water quality, contaminants, and the food web across 
the Great Lakes. R/V Lake Guardian surveys help 
EPA meet obligations and commitments under the 
Clean Water Act and the Great Lakes Water Quality 
Agreement (GLWQA), with funding from the Great 
Lakes Restoration Initiative (GLRI). Work on the Lake 
Guardian is aligned with Powering the Great American 
Comeback Pillar 1 and benefits local communities that 
rely on the Great Lakes for drinking water, recreation, 
and economic value.

Protecting and restoring the Great Lakes

The Great Lakes Water Quality Agreement
The Great Lakes Water Quality Agreement (GLWQA) is a 
commitment between the United States and Canada to restore 
and protect the Great Lakes ecosystem. Originally signed in 
1972, the GLWQA was amended in 2012 to better address 
current threats to the Great Lakes, such as ecological and 
anthropogenic stressors. The GLWQA provides a framework for 
identifying and implementing binational priorities for improving 
water quality and ecosystem health. EPA GLNPO coordinates the 
US implementation of the GLWQA.

The Clean Water Act
The Clean Water Act, originally signed in 1972, was enacted to 
address water pollution in the US by establishing water quality 
standards for surface waters. In later years, the law was amended 
that required the EPA GLNPO to establish a Great Lakes system-
wide surveillance network to monitor the water quality of 
the Great Lakes. One of the goals of the Clean Water Act is 
to “restore and maintain the chemical, physical, and biological 
integrity of the Nation’s waters.”

The Great Lakes Restoration Initiative
Launched in 2010, the Great Lakes Restoration Initiative (GLRI) is a non-regulatory program that aims to accelerate interagency efforts 
to protect and restore the Great Lakes ecosystem. Since 2010, the GLRI has provided critical resources to 16 federal organizations 
and numerous non-federal partners working together to achieve long-term restoration and protection goals. As of March 2024, the 
GLRI has funded over 8,000 projects that focus on the most significant Great Lakes environmental issues. The five focus areas of the 
GLRI are:
1.	 Toxic Substances and Areas of Concern
2.	 Invasive Species
3.	 Nonpoint Source Pollution Impacts on Nearshore Health
4.	 Habitat and Species
5.	 Foundations for Future Restoration Actions



R/V Lake Guardian

The EPA R/V Lake Guardian is the largest research vessel operating on the Great Lakes. EPA uses the R/V Lake 
Guardian to conduct monitoring and research activities on all five lakes. The annual monitoring activities, 
supported by funding from the GLRI, meet requirements under the Clean Water Act to establish a system-
wide surveillance network to monitor Great Lakes water quality. These activities also satisfy EPA’s obligations 
under the GLWQA “to undertake monitoring and surveillance to anticipate the need for further science 
activities and to address emerging environmental concerns.” Further, R/V Lake Guardian surveys meet GLRI 
commitments “to assess the overall health of the Great Lakes.” In addition to the science and monitoring 
that is conducted each year, the R/V Lake Guardian supports Great Lakes public outreach and educational 
opportunities. This report gives a brief overview of all scientific and educational activities conducted onboard 
the R/V Lake Guardian during the 2021 and 2022 field seasons. It should be noted that all 2020 field activities 
were cancelled due to the Covid-19 pandemic. R/V Lake Guardian operations resumed in 2021, with reduced 
field season operations in 2021 and 2022 due to ship mechanical problems.

R/V Lake Guardian Specifications

•	 Length: 180 feet 

•	 Width: 40 feet 

•	 Gross Tonnage: 959 tons 

•	 Cruising Speed: 11 knots (13 
mph) 

•	 Berthing for 42 people (28 
scientists, 14 crew)



Onboard Equipment and Laboratories
The R/V Lake Guardian is equipped with advanced limnology and oceanographic sampling equipment to 
monitor the health of the Great Lakes. A Rosette water sampler, outfitted with 12 8-liter Niskin bottles, a 
multi-parameter CTD (conductivity, temperature, depth) profiler, and other water quality sensors is deployed 
to collect water samples at specific depths along with continuous water column data. Phytoplankton and 
chlorophyll a samples are collected by Niskin bottles. Zooplankton and mysids are collected with nets of 
varying diameters, and mesh sizes. Lake sediments and benthic organisms are sampled using Ponar grab, box 
corer, and multicorer.

The Rosette water sampler, outfitted with 12 
Niskin bottles and the CTD

The multicorer, used for sediment collection

The box corer, used for sediment collection



One of various nets used for zooplankton tows

The Ponar grab sampler, used for sediment 
and benthic organism collection

A net used for mysid tows

Onboard Laboratories 
Following field collection, scientists process the water and biological samples. The R/V Lake Guardian 
contains three laboratories dedicated to sample processing: the general purpose or “wet” laboratory, used 
for processing raw water samples, the chemistry laboratory, used for processing nutrient samples, and the 
biology laboratory, used for zooplankton, phytoplankton, and chlorophyll a sample processing.  
	



GLNPO’s Long Term Great Lakes Water Quality Program 
and Biology Monitoring Program Annual Surveys

Since 1983, GLNPO’s Great Lakes Water Quality Monitoring Program and Great Lakes Biology Monitoring 
Program have measured the quality of Great Lakes open waters and assessed the condition of the lower 
food web to track ecosystem changes through time. The long-term monitoring facilitates the establishment 
of baseline conditions and the identification of emerging problems. The Water Quality Monitoring Program 
measures several physical and chemical parameters across the Great Lakes, and the Biology Monitoring Pro- 
gram monitors the flora and fauna of the lower food web. The long-term data collected by these GLNPO 
monitoring programs are highly valuable to resource managers, policy makers, and researchers seeking to 
assess ecosystem health and advance understanding of the complex Great Lakes ecosystem.

GLNPO’s long-term water quality and biology monitoring station 
locations. Stations are sampled annually in spring and summer.

Who assists EPA with water quality and biology monitoring?

EPA scientists, federal and university partners, and EPA 
contractors supported the 2021 and 2022 R/V Lake Guardian 
surveys. Cornell University, SUNY Buffalo State College, and 
University of Minnesota Duluth – Natural Resources Resource 
Institute (UMD – NRRI) assisted with the 2021 and 2022 Biology 
Monitoring Program and Cooperative Science and Monitoring 
Initiative (CSMI) surveys funded by GLRI. USGS participated 
on the 2022 Great Lakes Sediment Surveillance Survey. Oak 
Ridge Institute for Science and Education (ORISE) participants 
on assignment in GLNPO participated on all surveys and the 
ship is operated by EPA contractors. The R/V Lake Guardian 
serves as vessel of opportunity for other agencies and academic 
institutions to participate on surveys to collect additional data 
and samples.

What gets measured at monitoring stations?

Physical Parameters: Water temperature, air temperature, 
wind speed, wave height, surface and underwater 
photosynthetically active radiation (PAR), dissolved oxygen, 
Secchi depth, turbidity, total suspended solids, sediment grain 
size

Chemical Parameters: Total phosphorus, nitrogen, and 
organic carbon, dissolved phosphorus and nitrogen, 
particulate phosphorus, nitrogen, and organic carbon, cations, 
reactive silica, metals, chloride, pH, alkalinity, total hardness

Biological Parameters: Chlorophyll a, phytoplankton, 
zooplankton, mysids, benthic invertebrates, Diporeia, 
dreissenid mussels



Spring Survey
The GLNPO annual Spring Survey takes place in all five Great Lakes once the winter lake ice has thawed 
and while the water column is still well-mixed. On the 2021 Spring Water Quality Monitoring Program and 
Biology Monitoring Program surveys, EPA scientists, ORISE participants, and academic collaborators from 
Cornell University, SUNY Buffalo State College, and UMD – NRRI collected water and biological samples from 
72 long-term monitoring stations. Samples for the Water Quality Monitoring Program were collected
and analyzed for nutrients and other water quality parameters. Samples for the Biology Monitoring Program 
were collected for phytoplankton, zooplankton, mysids, and chlorophyll. In 2022, EPA contracted with the 
University of Minnesota to utilize the R/V Blue Heron to support Spring Survey sampling in Lakes Superior, 
Michigan, and Huron. Environment and Climate Change Canada supported the 2022 Spring Survey by 
sampling GLNPO stations in Lakes Ontario aboard the CCGS Limnos.

Additional Science and Monitoring on the Spring 
Survey 

GLNPO long-term monitoring stations are located 
in the Great Lakes open waters. Twelve additional 
nearshore stations in Lake Superior and 12 
additional nearshore stations in Lake Michigan 
were sampled in 2021 to support a CSMI effort to 
assess the composition of nearshore phytoplankton 
communities. The nearshore data augments the 
long-term open water data to enhance knowledge 
of the spatial and temporal variation of nutrient 
dynamics in the lower food web; these variations 
have influences on overall lake productivity and fish 
production.

Right: Retrieving a 
zooplankton net



Summer Survey
The annual Summer Survey takes place in August, when the lakes are stratified. Water, phytoplankton, 
zooplankton, chlorophyll a, mysids, and benthic samples are collected from 78 long-term monitoring stations 
on the summer surveys. Typically, the R/V Lake Guardian samples all five Great Lakes as part of Sumer Survey 
monitoring activities. Due to R/V Lake Guardian mechanical problems, Environment and Climate Change and 
Department of Fisheries and Oceans Canada (ECCC) assisted GLNPO by sampling Lake Erie stations (2021 and 
2022) and Lake Ontario stations (2021) aboard the CCGS Limnos. In 2022, EPA contracted with the University 
of Minnesota to utilize the R/V Blue Heron to support Summer Survey sampling in Lake Superior and Lake 
Huron. Benthic sediment samples were collected with Ponar grabs to estimate the presence and abundance 
of bottom-dwelling species, including invasive Quagga Mussels. In addition to Ponar sampling, cameras were 
deployed at benthic monitoring stations to assess additional invasive species presence, vegetation cover, and 
substrate type. To collect benthic imagery, transverse and downward-facing cameras and lights are mounted 
onto a steel camera frame that is deployed to the lake bottom.

Right: Collecting 
water samples from 
the Rosette

Additional  Science and 
Monitoring on the Summer 

Survey 
 
Mirroring the Spring Survey, the 
same 24 nearshore stations in 
Lake Michigan and Lake Superior 
were sampled for phytoplankton 
community analysis in summer 
2021. In 2021, graduate students 
from Purdue University and 
University of Vermont took 
advantage of the opportunities 
offered by the vessel and 
conducted additional net tows
aboard the Lake Guardian for 
stable isotope analysis in the 
zooplankton community and 
for mysid research. In 2022, a 
CIGLR/UMN post- doctoral fellow 
collected phytoplankton samples to 
investigate nitrogen fixation
rates and to examine the effect 
of dissolved inorganic carbon on 
microbial diversity.



Cooperative Science & Monitoring Initiative 
(CSMI)

The Cooperative Science & Monitoring Initiative is an effort to coordinate science and monitoring activities 
with added emphasis on one of the five Great Lakes each year. CSMI operates on a 5-year cycle. Due to 
Covid-19, Lake Michigan and Lake Superior CSMI activities that were originally intended for the 2020 and 
2021 field years were conducted in 2021 and 2022, respectively.

CSMI Science Priorities
Lake Michigan 2020:

1. Advancement of the understanding of nutrient dynamics that directly influence lower trophic level 
productivity and offshore fish production
2. Identification and quantification of biological “hotspots” for production
3. Investigation of understudied food web components 
4. Recruitment patterns of key fish species 
5. Current and future impacts of invasive species
6. Nearshore to offshore monitoring of critical food web components 

Lake Superior 2021:

1. Identify and track contaminants of concern in air, water, sediment, fish and wildlife at a lakewide scale 
2. Improve understanding of lower food web health, and assess lower-trophic abundance and diversity
3. Assess population trends of established invasive species and their overall impacts on native species and 
the ecosystem 
4. Improve knowledge of the impacts of physical changes on water quality, habitat and species 
5. Better understand modern and historical nutrient and sediment conditions in Lake Superior, and identify 
the conditions and locations for potential algal blooms

Lake Huron 2022: 

1.  Track and monitor chemicals of mutual concern
2.  Improve understanding of lakewide physical and biological processes that translocate nutrients/energy 
from the nearshore to offshore
3. Characterize the benthic community
4.  Continue to improve and quantify biomass estimates for key and under-sampled components of the 
food web (e.g., macro algae, zooplankton, benthos)
5. Assess the role of key invasive species on Lake Huron’s food web/nutrient dynamics



Lakes Michigan and Superior CSMI Benthic Surveys
In the summers of 2021 and 2022, EPA GLNPO and Office of Research and Development, National Oceanic 
and Atmospheric Administration, SUNY Buffalo State College, Cornell University, and ORISE participants 
conducted intensive lake-wide surveys to characterize the benthic community structure in Lakes Michigan 
and Superior. Benthic macroinvertebrates are sensitive to changes in sediment and water quality, making 
them reliable ecological indicators. These organisms are also critical components of the lower food web, 
providing food for higher trophic level organisms, such as fish. In 2021 and 2022, 252 stations were sampled 
and were analyzed for benthic community composition, sediment grain size, and sediment nutrients. 
Cameras sent to the lake bottom captured video footage of vegetation cover, sediment characteristics, and 
invasive species presence. The surveys built upon sampling methods that were used in previous CMSI benthic 
surveys to assess long-term changes in the benthic lower food web.

Attaching cameras 
and lights to the 
frame prior to 
deployment to the 
lakebed 

Deploying cameras for video 
image capture

Processing the 
contents of the 
Ponar grab sampler 



Lake Superior CSMI Lower Food Web 
Contaminants Survey
Contaminants in the aquatic ecosystem can bioaccumulate through the food web and potentially become 
present at higher concentrations in top predator fish, such as lake trout and walleye. Since the late 1970s, the 
EPA Great Lakes Fish Monitoring and Surveillance Program (GLFMSP) has monitored contaminant levels in 
Great Lakes top predator fish. As part of the 2021 CSMI Lake Superior Lower Food Web Contaminants survey, 
concentrations of legacy contaminants and chemicals of emerging concern were measured in surface water 
samples, sediment samples, benthic organisms, phytoplankton, zooplankton, mysids, and Lake Trout from 
two long-term GLFMSP fish collection sites: Apostle Islands and Keweenaw Point. Scientists from Clarkson 
University and SUNY Fredonia and ORISE assisted EPA scientists with sample collection from Lake Superior 
aboard the R/V Lake Guardian and conducted all contaminants analyses.

A scientist retrieves a benthic sled 
Lake Superior

Collecting mysid samples for 
contaminant analysis. Samples 
are collected in the dark, as 
mysids migrate towards the 
surface of the water column at 
night.



Lake Superior Great Lakes Sediment Surveillance 
Program
EPA’s Great Lakes Sediment Surveillance Program (GLSSP) was established in 2010 to monitor the spatial 
distribution and temporal trends of persistent, bioaccumulative, and/or toxic chemicals in sediments of the 
Great Lakes. The GLSSP previously performed sample collection from 2010-2014 and resumed in 2021 on 
Lake Superior; sampling done from the R/V Lake Guardian will follow the five-year CSMI sampling cycle.
In September 2021, scientists from EPA, USGS, ORISE, and UMD–NRRI sampled sediment from 31 stations 
in Lake Superior. Sediment cores were collected with a box corer, dated, and were analyzed to track how 
concentrations of contaminants in lake sediment have changed through time. UMD– NRRI researchers
compared the spatial distribution of legacy and emerging chemicals between modern and historic sediments, 
and the USGS conducted mercury analysis of the sediment samples.

Top left: Removing core tube full 
of sediment from the multicorer
Top center: Subsampling the 
sediment core
Top right: Deploying the 
multicorer
Bottom left: Retrieving the box 
corer full of a sample of Lake 
Superior sediment



Public Outreach

Due to the Covid-19 pandemic, no public tours or educational workshops on the R/V Lake Guardian were 
offered in 2021 or 2022. In 2021 Illinois–Indiana Sea Grant and EPA partnered to conduct classroom live 
video chats from the R/V Lake Guardian for 142 students across the Great Lakes. Lake Guardian scientists 
explained their research and answered questions from students. Click here to learn more about the Students 
Ask Scientists program. In 2021 and 2022, EPA and Illinois–Indiana Sea Grant deployed 329 polystyrene 
cups sent to the ship by 706 students from 40 classrooms in the Great Lakes region as part of the Incredible 
Shrinking Cup Lab. Cups were measured and decorated by students before they were sent to the bottom of 
Lake Superior aboard the R/V Lake Guardian’s rosette. After being deployed to 406 meters in Lake Superior, 
students were able to directly visualize the effects of Boyle’s Law by measuring differences in cup size before 
and after being exposed to high pressure at the bottom of lakes and calculating volume.

Cups are attached to the Rosette

Polystyrene cups before (left) and after (right) 
being sent through 406 meters of water at 
Station 114 in Lake Superior

A scientist stands ready to deploy the Rosette 
with cups to the bottom of Lake Superior at 

Station 114 (406m) in 2021

https://cgll.org/signature-program/students-ask-scientists/
https://iiseagrant.org/education/students-ask-scientists
https://iiseagrant.org/education/students-ask-scientists


R/V Lake Guardian Schedule: 2021 and 2022

2021

Month Activity

January - February Ship and equipment maintenance

March Survey Preparation

April Spring Survey

July - September
Summer Survey

Lake Michigan CSMI Benthic Survey
Lake Superior CSMI GLSSP Survey

Lake Superior CSMI GLFMSP Survey

October - December Ship and equipment maintenance

2022

Month Activity

August Survey preparation

August - October
Summer Survey

Lake Superior CSMI Benthic Survey

October - December 2023 Ship and equipment maintenance



R/V Lake Guardian 2021 and 2022 Survey Stats

2021

• 264 sampling locations

• 636 Ponar grabs

• 306 rosette casts

• 300 zooplankton tows

2022

• 176 sampling locations

• 420 Ponar grabs

• 187 rosette casts

• 166 zooplankton tows

To learn more about the R/V Lake Guardian, visit https://
www.epa.gov/great-lakes-monitoring/lake-guardian.
Additional information about GLNPO’s Great Lakes monitoring 
programs is available at https://www.epa.gov/great-lakes-
monitoring. Data from the limnology, biology, and contaminant 
monitoring programs can be accessed through the Great Lakes 
Environmental Database (GLENDA) at https://cdx.epa.gov/.

https://www.epa.gov/great-lakes-monitoring/lake-guardian
https://www.epa.gov/great-lakes-monitoring/lake-guardian
https://www.epa.gov/great-lakes-monitoring
https://www.epa.gov/great-lakes-monitoring
https://cdx.epa.gov/
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