Sub-Indicator: Aquatic Habitat
Connectivity
Overall Assessment
Status: Fair
Trends:
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Approximately one-third (32.5%) of the tributaries that were historically connected to the Great Lakes
remain accessible to migratory fishes (Figure 1). The amount of tributary habitat that is accessible ranges from 53%
in Lake Superior to less than 20% in Lake Michigan (Khoury et al., 2018). These barriers include dams, but also
road-stream crossings. In some parts of the Great Lakes lack of access to spawning habitats in rivers and streams is
limiting fish populations. Over the past decade there has been an increasing number of projects to remove barriers
or improve fish passage. The Great Lakes Fisheries Commission have identified priority barriers where actions to
restore connectivity would support the recovery of fish populations (Table 1, Figure 2). Barrier removal in the Great
Lakes must be coordinated with efforts to limit the access of the invasive Sea Lamprey to riverine spawning
habitats (Figure 3).

Lake-by-Lake Assessment
Lake Superior
Status: Fair
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Just over half (53.8%) of the tributaries that were historically connected to Lake Superior remain
accessible to migratory fishes. There are continued efforts to restore aquatic habitat connectivity in the Lake
Superior basin. These projects range from culvert replacement on Gehrman Creek at the Highway 169 crossing that
will restore 1.6 km of passage for Brook Trout (Superior Rivers Watershed Partnership, WI). . The recent decision
by the Ontario Ministry of Environment, Conservation and Parks to repair, rather than remove the failing Camp 43
dam on Ontario’s Black Sturgeon is an example of the challenges in balancing fish passage, infrastructure and Sea
Lamprey control.

Lake Michigan
Status: Poor
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Less than one-fifth (18.9%) of the tributaries that were historically connected to Lake Michigan remain
accessible to migratory fishes. There are continued efforts to restore aquatic habitat connectivity in the Lake
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Michigan basin. This range in scale from replacing under-sized culverts on the Crystal River (Grand Traverse Band
of Ottawa and Chippewa Indians, MI) to dam removal on the Boardman River that will connect more than 250 km of
tributary habitat back to Lake Michigan (Conservation Resource Alliance, MI). The sturgeon “elevator” on the
Menominee River that has operated since 2015 is an example of the innovative approaches that are being applied in
improve aquatic habitat connectivity.

Lake Huron (including St. Marys River)
Status: Fair
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Almost one-third (30.0%) of the tributaries that were historically connected to Lake Huron remain
accessible to migratory fishes. There are continued efforts to restore aquatic habitat connectivity in the Lake Huron
basin. These include the removal of the dam on Black Ash Creek (Nottawasaga Valley Conservation Authority, ON)
and the continued efforts of the Huron Pines Resource Conservation and Development Council in Michigan that
recently removed two fish passage barriers in the Thunder Bay River, reconnecting 37 km of upstream habitat for
Brook Trout and other fishes. The Thunder Bay project is an example of the many barrier removal projects across
the basin that are not contributing to immediate gains in connectivity to the Great Lakes but could result in
substantial increases as barriers further downstream are mitigated.

Lake Erie (including St. Clair-Detroit River watershed)
Status: Fair
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Approximately one-third (33.4%) of the tributaries that were historically connected to Lake Erie remain
accessible to migratory fishes. There are continued efforts to restore aquatic habitat connectivity in the Lake Erie
basin. Current efforts include the Henry Ford Estate Dam Fishway Restoration Rouge River Area of Concern (MI)
that will reconnect 80.5 km of river and 174 km of tributary to the Great Lakes for the first time in over 100 years
via a naturalized by-pass channel and the Springville Dam removal project on Cattaraugus Creek (NY) will restore
approximately 106 km of spawning habitat for Rainbow Trout and improve connectivity for Brook Trout while
simultaneously blocking Sea Lamprey from the upper watershed (currently on hold due to COVID).

Lake Ontario (including Niagara River and International section of the St. Lawrence River)
Status: Fair
10-Year Trend: Improving
Long-term Trend (1950-2022): Improving
Rationale: Over one-third (39.4%) of the tributaries that were historically connected to Lake Ontario remain
accessible to migratory fishes. There are continued efforts to restore aquatic habitat connectivity in the Lake Ontario
basin. These range from restoration of road-stream crossings on Spring Mills Creek and Indian Creek (Steuben
County Soil & Water Conservation District (NY) to the creating on-stream pond by-passes and the removal of
perched culverts on Twelve Mile Creek (ON) by Trout Unlimited Canada.
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Status Assessment Definitions
Good: >75% aquatic habitat connectivity compared to historical conditions. The state of aquatic habitat connectivity
and access to spawning habitat is likely sufficient to maintain migratory fish populations.
Fair: 25% to 75% aquatic habitat connectivity compared to historical conditions. The state of aquatic habitat
connectivity is stressed in some locations and access to spawning habitat is likely limiting populations of some
migratory fish species.
Poor: < 25% aquatic habitat connectivity. The state of aquatic habitat connectivity severely impaired and access to
spawning habitat is likely limiting populations of many migratory fish species Undetermined: The percentage of
aquatic habitat connectivity is insufficient to assess conditions of the ecosystem components or data are not
available.

Trend Assessment Definitions
Improving: Increase in the amount of riverine habitat connected to the Great Lakes based on an assessment of new
mitigation projects and new barriers.
Unchanging: No measurable change in the amount of aquatic connectivity.
Deteriorating: Decrease in the amount of riverine habitat connected to the Great Lakes based on an assessment of
new mitigation projects and new barriers.
Undetermined: Information on barrier mitigation does not indicate a clear overall trend or data are not available to
report on a trend.

Endpoints and/or Targets
1. Percent of rivers/streams connected to the Great Lakes compared to historical conditions. Overall objective
to increase connectivity, with a focus on priority barriers, while managing for invasive species.
2. Progress in mitigating priority barriers (Table 1).
3. Examples of key initiatives to improve aquatic habitat connectivity.

Sub-Indicator Purpose
The purpose of this sub-indicator is to track the amount of accessible tributary habitat for migratory Great Lakes
fishes by lake, to summarize key initiatives to improve the connectivity of aquatic habitat with a focus on priority
sites; and highlight some of the issues related to barrier mitigation.

Ecosystem Objective
This sub-indicator supports work towards General Objective #5 of the 2012 Great Lakes Water Quality Agreement
which states that the Waters of the Great Lakes should “support healthy and productive wetlands and other
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habitats to sustain resilient populations of native species.” The objective is to increase aquatic habitat connectivity in
a manner that enhances native fish populations while supporting the control of invasive species.

Measure
This sub-indicator measures tributary connectivity as the percent of mainstem channel length that is currently
connected to the Great Lakes compared to historical conditions. It has been calculated for the entire Great Lake
basin and each lake (Khoury et al., 2018). Increased aquatic connectivity would benefit fish passage, as well as
ecosystem function, however, in many cases the risk of increased Sea Lamprey production prohibits removal of
most of the lowest barriers to Great Lakes migration at this time. These barriers are beneficial to some native fishes
by limiting the threat of Sea Lamprey predation. Although direct measures of the population viability of migratory
fishes by watershed is the optimal indicator on the status of aquatic connectivity, the amount of available habitat
can be applied as a surrogate measure. Results for this sub-indicator have been drawn from an analysis on barriers
that is now available for the Great Lakes basin and case studies on barrier removal projects. Status thresholds on
aquatic habitat connectivity have been developed for the Biodiversity Conservation Strategies for each lake (Franks
Taylor et al., 2010; Lake Ontario Biodiversity Conservation Strategy Working Group, 2009; Lake Superior Lakewide
Action and Management Plan, 2013; Pearsall et al., 2012a; Pearsall et al., 2012b). Data on barriers is available
through Fishwerks (University of Wisconsin 2018). Fishwerks is an online GIS tool that maps barriers and provides
the basis for a decision-support tool to guide barrier removal and provide a systematic framework for comparing
costs (economic costs, species invasions) and benefits (connectivity, focal fish species) (Januchowski-Hartley et al.,
2013).

Ecological Condition
Dams have impacted over half of the world’s drainage basins (Barbarossa et al., 2020; Nilsson et al., 2005; Su et al.,
2021). Globally only 37 per cent of rivers longer than 1000 km remain free-flowing over their entire length (Grill et
al., 2019). Dams and barriers have been impacting the health of aquatic ecosystems in the Great Lakes basin for
over two centuries. These barriers have contributed to extirpation of species such as Atlantic Salmon and limit the
recovery of some fish populations. The construction of new dams and barriers on Great Lakes tributaries peaked
over a century ago when waterpower was the primary energy source in the basin. Many of the larger dams were
built in the 20th century for hydroelectric power generation. Over the last few decades, very few new dams have
been built, and there has been a recent trend to remove old dams. The potential impacts of road-stream crossings
are now better understood, and there have been several regional initiatives to identify and mitigate culverts that act
as barriers.
Aquatic connectivity provides chemically and physically unobstructed routes to fulfill life history requirements of
aquatic species, including access to intact refugia and opportunities for genetic exchange. Barriers threaten the
diversity and abundance of native Great Lakes fishes by restricting or eliminating connectivity between the lakes
and critical spawning, nursery, and overwintering habitats (Januchowski-Hartley et al., 2013) and compromise
production and harvests. Two-thirds of the river and stream habitats that were historically connected to the Great
Lakes are now inaccessible to migratory fishes (Figure 1). This loss of tributary habitat has resulted in significant
declines in native fish populations in the Great Lakes, such as Lake Herring, Yellow Perch, Walleye, Lake Sturgeon,
River Redhorse, Black Redhorse, Eastern Sand Darter, and Channel Darter (Great Lakes Fishery Commission. 2007;
Bredin 2002).
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For most fishes (including almost all native species), traditional passage facilities (e.g. fish ladders) will not mitigate
these effects. For example, salmonids can pass through the fishway at the Flat Rock Dam on the Huron River but it
remains a barrier for Walleye (Leonardi & Thomas, 2000). In addition to impacting the fishes that migrate from the
Great Lakes into tributaries, many stream-dwelling species of fish (e.g. Brook Trout) suffer discontinuity in their
ranges because of barriers.
In addition to limiting access of fishes to spawning and nursery habitats, loss of aquatic connectivity impacts
nutrient flows, and riparian and coastal processes (Childress et. al, 2014; Jansson et. al, 2007).
This indicator on aquatic habitat connectivity primarily focusses on the connectivity of the Great Lakes to its
tributaries for fishes. While natural barriers to fish migration, such as rapids and waterfalls, are not the same as
dams as they do not disrupt the flow and temperatures of tributaries, they still are a barrier to the upstream
migration of many fishes. However, their presence has not resulted in decline in the diversity and abundance of
Great Lakes fishes from historical conditions. Mapping of these naturally disconnected watershed has been
completed since the last indicator report (Khoury et al., 2018), and these watersheds removed from the analysis. As
a result, tributaries that were naturally not connected to the Great Lakes have now been excluded from the
indicator.
This new information resulted in some non-genuine status changes for Lake Huron and Ontario. Both of these lakes
have significant portions of their watersheds that have natural barriers (e.g. Moon River Falls on the Moon River in
Georgian Bay). This change in approach helps to emphasize the locations and importance of artificial barriers that
continue to impede the recovery of many fish stocks. While there is a positive improving trend in all the Great Lakes,
genuine change in status will take decades of continued efforts. These gains will come through both the mitigation
of priority barriers (Table 1) and the cumulative impact of the thousands of smaller scale projects that are happening
throughout the basin. Mitigation of first barriers will require new and creative approaches to improve connectivity
while limiting access by Sea Lamprey. The Fishpass project and other initiatives that are employing new
technologies could greatly increase the pace of progress for restoring Great Lakes connectivity Zielinski &
Freiburger, 2020).
Evaluating aquatic habitat connectivity and prioritizing projects to increase it are complex matters. Some dams and
barriers impede the movement of some fish species but not others. Many dams and reservoirs have been in place
for over a century and there are strong social pressures to maintain them. Climate change and aging infrastructure
are resulting in the failure of dams and culverts. Removing dams can be complicated by contaminated sediments or
endangered species that require careful consideration and planning. Dams and barriers have also been identified as
both an opportunity to control the spread of aquatic invasive species, and as a potential source of aquatic invasive
species due to releases of bait fish in impoundments and by acting as ‘stepping stones’ for aquatic invasive species
(Anas & Mandrak, 2021; Comte et al., 2021; Johnson et al., 2008). Impoundments can also change fish assemblages
in adjacent river habitats through the proliferation of habitat generalists species and declines in fluvial specialists.

Linkages
Linkages to other sub-indicators in the indicator suite include:
• Climate Change – Increasing frequency and magnitude of storm events will continue to put pressure on
aging infrastructure. This increases the urgency for surveys to identify under-sized culverts at roadstream crossings, and opportunities to mitigate barriers to fish migration during replacement. Many older
dams will also come under increasing pressure. For example, on May 19, 2020, following heavy rainfall in
the Gladwin and Midland County areas in Michigan, the privately-owned Edenville Dam failed, releasing
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a torrent of water that caused the downstream Sanford Dam to fail. With aging dam infrastructure and
climate change come an increasing probability of dam failure across the basin. There is an urgent need to
identify these risks and weigh the costs and benefits of dam replacement with removal.
•

Aquatic Invasive Species – There are many examples across the Great Lakes where the first barrier is
protecting native stream assemblages from competition and physical disturbance of substrates from
non-native salmonids (Bredin 2002; Zorn et. al 2020). Hence, decisions about removal of dams and
barriers must balance competing interests and goals, which may not always be explicit. Some dams and
barriers may also play a role in limiting the spread of other invasive species such as Round Goby and Sea
Lamprey (see below) and disease (e.g. Viral Hemorrhagic Septicemia). There is also recent evidence of
dams facilitating the invasion of Round Goby (Raab et. al 2018).

•

Lake Sturgeon – Loss of aquatic connectivity has contributed to the decline of the species.

•

Lake Trout – Removed barriers that result in more parasitic Sea Lamprey would likely cause declines in
numbers of Lake Trout and slow progress towards restoration. However, Lake Trout were also a historic
migrant into river systems and loss of connectivity contributed to the loss of most riverine Lake Trout
spawning runs (Loftus 1958, Khoury 2018).

•

Sea Lamprey – Dams and barriers currently limit the spread of some Great Lakes invaders. For example,
Lake Huron supports the largest population of Sea Lamprey in the Great Lakes (Liskauskas et al., 2007),
and dams and low-head barriers are a major control mechanism used by managers. By managing Sea
Lamprey through barriers, non-target species, such as native lampreys, are not impacted by lampricide
treatments.

•

Walleye – Loss of aquatic connectivity has contributed to the decline of some populations.

•

Water Quality in Tributaries – Barrier removal could improve water quality by restoring natural flow
patterns and helping to reduce stream temperatures.

•

Precipitation Amounts – An increase in extreme rainfall events may encourage replacement of aging
infrastructure, including culverts. Infrastructure adaption projects could potentially improve aquatic
habitat connectivity at road-stream crossings (Neeson et. al 2015).

This sub-indicator also links directly to the other sub-indicators in the Habitats and Species indicator.

Traditional Ecological Knowledge (TEK), Citizen Science and other
Bodies of Knowledge
There are several excellent examples from around the Great Lakes of citizen science being used to help confirm
potential barriers to aquatic habitat connectivity. These programs typically engage volunteers to visit road-stream
crossings and collect data to identify if the crossing represents a barrier, such as a perched culvert. Volunteers use
standardized protocols to collect this data (e.g. U.S. Forest Service et. al 2011). The impacts of these projects can
difficult to measure, but are significant (see Data Limitations). There remain opportunities to better incorporate
Indigenous knowledge and perspectives on lamprey control efforts into current management practices (Mattes &
Kitson,2021).
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Assessing Data Quality
Data Characteristics

Agree

Data are documented, validated, or qualityassured by a recognized agency or
organization

X

Data are from a known, reliable and respected
generator of data and are traceable to original
sources

X

Geographic coverage and scale of data are
appropriate to the Great Lakes Basin

X

Data obtained from sources within the U.S. are
comparable to those from Canada

X

Uncertainty and variability in the data are
documented and within acceptable limits for
this sub-indicator report

X

Data used in assessment are openly available
and accessible

Yes

Neutral or
Unknown

Disagree

Not
Applicable

Data can be found here:
https://greatlakesconnectivity.org/

Data Limitations
Although there have been significant improvements in the cataloging of dams and barriers across the basin in the
last few years, some dams are undocumented. Our current picture of barriers across the Great Lakes is not
complete. Some watersheds are better sampled than others, potentially resulting in data bias (Khoury et al. 2018).
There is potential that watersheds that have more sampling may be artificially elevated in priority. Spatial analysis of
connectivity can be challenging if dam coordinates do not intersect with the hydrology layer. Road stream crossings
can highlight potential barriers, but these need to be ground truthed to assess their actual impact. Recent efforts by
energy companies to re-license hydropower dams in the United States have led to a reconsideration of the habitat
losses associated with these dams and a useful picture is emerging which allows an assessment of the adverse
impacts of habitat fragmentation on migratory and resident stream-fish communities. Data for tributary habitat are
being developed in connection with Federal Energy Regulatory Commission (FERC) dam relicensing procedures in
the United States. Data are presently available for Michigan, New York State, and Wisconsin. The Ontario Dam
Inventory was released in 2020, however it does not include small dams and water-control structures. The
Canadian Wildlife Federation has also recently launched the Canadian Aquatic Barriers Database that includes pilot
areas from the Great Lakes basin.
This sub-indicator does not measure lateral hydrological connectivity (LHC) (Liu and Wang 2018). LHC includes the
connectivity between aquatic ecosystems and adjacent habitats, such as floodplains. A decrease in LHC can result
from flow regulation on rivers and physical structures and have an impact on fish communities. In the context of the
Great Lakes LHC could include access to spawning habitat in floodplains along rivers that are connected to the
Great Lakes, and aquatic habitat connectivity to coastal marshes. Data to measure LHC has not been adequately
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developed throughout the Great Lakes. Land cover and dams may provide a proxy, although connectivity between
rivers and streams and their floodplains in sub-watersheds dominated by natural cover could be impacted by water
level regulation from upstream dams. Connectivity of the Great Lakes to coastal marshes has also not been
analyzed and mapped. This sub-indicator does not fully measure all the smaller scale changes to connectivity that
are happening around the basin. While the many smaller scale projects that are happening around the basin are
difficult to fully report on, their impact is undoubtedly significant, and likely exceeds the impact of larger single
barrier removal projects. For example, in just the last five years, Huron Pine in Michigan has improved over 90
road/stream crossings, removed 5 dams and reconnected over 720 km of river.

Additional Information
Examples of barrier removal projects were based on a search of GLRI projects database (search terms:
‘connectivity’, ‘culvert’, ‘dam’, ‘passage’ and ‘tributary’). For Canadian projects a web search was using these same
terms, plus Great Lake name. There are also recent examples of emerging decision-support tools to support the
removal of the most critical barriers while considering economic costs and invasive species (e.g. Milt et al., 2018)
and the use of indicator species to guide and measure restoration efforts (Fitzpatrick et al., 2021).
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Table 1. Priority rivers and barriers (Great Lakes Fisheries Commission, 2021)
Lake

State/
Priority
Province River

Dam

Current Fish Passage

Superior

ON

Montreal

Andrews Generating
Station

None

Superior

MN, WI

St. Louis

Fond du Lac Dam

None (Schram et al., 1999)

Superior

ON

Michipicoten Michipicoten River Dam None

Michigan WI

Peshtigo

Peshtigo Dam

None (Daugherty et al., 2009)

Michigan WI

Oconto

Stiles Dam

None (Daugherty et al., 2009)

Huron

Tbd 1

Huron

Tbd

Huron

Tbd

Erie

MI

Black River

Wingford Dam

None

Erie

MI

Huron River

Flat Rock Dam

Fish ladder installed in 1997 (Leonardi & Thomas,
2000)

Erie

ON

Grand River

Dunnville Dam

Fishway (Bunt et al., 2000)

Ontario

ON

Cobourg
Brook

Pratt Dam

Fishway (Pratt et al., 2009)

Ontario

ON

Credit River

Streetsville Dam

Fish ladders.
http://www.riverwatcherdaily.is/Migration

Norval Dam
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A)

B)

Figure 1. A) Dams and barriers in the Great Lakes basin (University of Wisconsin, 2018), and B) Watersheds that
were historically disconnected from the Great Lake due to natural barriers (Khoury et al., 2018)
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Figure 2. Priority rivers and barriers (Great Lakes Fisheries Commission, 2021)
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Figure 3. Priority barriers for Sea Lamprey control (DFO & USFWS, 2021)
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