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Disclaimer

This report reflects the best efforts of the preparers (Dan Kraus and Megan lhrig) to accurately represent
and interpret the available expertise and information on Lake Superior and the views and opinions of
the project participants. Every effort to ensure the accuracy of the information contained in this study
has been taken. We welcome suggestions for improvements.

Volume 2: Regional Summaries

Please note that this report includes two volumes. Volume 2 contains regional summaries and maps
that are referred to in this document. It is recognized that many regions contain additional information
and mapping on biodiversity and threats that could not be fully reflected in this report. Wherever
possible, regional and local data and spatial information on biodiversity targets and threats has been
noted in the text.
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Lake Superior Biodiversity Conservation Assessment
Executive Summary

Lake of the Great Waters

Lake Superior is unique among the world’s
freshwater lakes. Situated at the top of the
chain of the Great Lakes, it is the world’s largest
freshwater lake by area. It is also the coldest
and deepest of the Great Lakes, with a maximum
depth of 406 metres. Because of its massive
size, Lake Superior has a retention period of 191
years. Despite its northern location, the lake
rarely completely freezes over due to the
enormous mass of water, even in the coldest
winters. It is also a lake of extraordinary
biodiversity, supporting endemic and disjunct
fishes, a unique deepwater form of lake trout
(Salvelinus namaycush), diverse coastal
wetlands, extensive sandy beaches and the cool
coastlines and islands harbor arctic-alpine plants
and woodland caribou (Rangifer tarandus
caribou).

Lake Superior Coast (Photo y Ethan Meleg)

Developing a Biodiversity Conservation Assessment for Lake Superior
Developing the Lake Superior Biodiversity Conservation

Assessment was identified by the binational Lake R

Superior Lakewide Action and Management Plan (LAMP) fresatons

as an important tool to better integrate biodiversity
objectives into current lake management, and to support
implementation of the Great Lakes Water Quality
Agreement (GLWQA). This assessment project will
support the development of a conservation strategy for
Lake Superior

A project team from the Lake Superior LAMP first
developed a draft report based on a review of existing A
information. The assessment of biodiversity target health
and the ranking of threats were done through the
Conservation Action Planning framework. This
framework has also been used to develop biodiversity The project scope includes the open waters of the lake,
conservation strategies for Lake Ontario (2009), Lake islands, coastal areas and the watersheds of tributaries with

Huron (2010), Lake Michigan (2012) and Lake Erie (2012). ~ afocus on how they affect the biodiversity of the lake.

The draft biodiversity conservation assessment (biodiversity targets, threats, regional summaries) was shared with
experts for their review and comment. This included webinars that provided an introduction to the project, and a
series of webinars based on the biodiversity targets and regional summaries. Over 80 Lake Superior experts
reviewed and contributed to the document. Key changes resulting from expert review included updates to the
viability and threats analysis and the addition of key information to the regional summaries.
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The Health of Lake Superior

Seven conservation targets were selected that encompass the biodiversity of Lake Superior. These include aquatic,
coastal, and watershed targets that have many species and habitats nested within them. The health of these
biodiversity targets was assessed based on SOLEC indicators, with some modifications. The overall viability
assessment for Lake Superior is “good” - the lake is in a state of health that is within the natural range of variation,
but some management intervention may be required for some elements. The biodiversity conservation target that
had the lowest viability was watersheds and tributaries. While nearshore and embayments are in “good” health,
they are approaching the threshold for “fair”. For many of the coastal habitats (aquatic and terrestrial) and
watersheds, there is a high degree of regional variation in target condition. To better illustrate these regional
differences, stress/condition indices were mapped for watersheds (Great Lakes Environmental Indicators [GLEI]
2013), lake waters (Great Lakes Environmental Assessment and Mapping [GLEAM] 2012; Allan et al. 2013) and
coastal areas (analysis completed for this project). Information on biodiversity health, threats and important
habitat areas is also provided for 20 regional units around the lake.

Summary of Biodiversity Conservation Targets and Health for Lake Superior Overall
Health
Deepwater and Offshore Waters: Benthic and pelagic waters that are >80 m in depth. GOOD
Nearshore Zone and Reefs: Coastal areas that are between 15-80 m in depth, and shallow reefs. GOOD
Embayments and Inshore: Embayments and the inshore zone at depths of 0-15m. GOOD
Coastal Wetlands: Wetlands within 2 km of Lake Superior’s coast, with an emphasis on wetlands GOOD
that have historic and current hydrologic connectivity to, and are directly influenced by the lake.
Islands: All land masses that are surrounded by water, including both natural and artificial islands. GOOD
Coastal Terrestrial Habitats: Habitats within 2 km from the coast or to the extent of delineation. GOOD
Tributaries and Watersheds: All rivers, streams and inland lakes that flow into Lake Superior and FAIR
their associated watersheds.

Threats and Conservation Issues
The overall threat rank for Lake Superior is “high”. Thisis Ranked Threats to Lake Superior’s Biodiversity
driven by a high rating for climate change, aquatic invasive

species, and dams and barriers. These threats rank the highest
because they impact many targets over a wide area and, in

some cases, are very difficult to reverse. These high ranking Climate Change High
threats generally reflect SOLEC “pressure” indicators that have

Aquatic Invasive Species High

L . . Dams and Barriers High
been assessed as poor and declining including climate change .
(i.e. ice duration) and aquatic invasive species. Atmospheric Deposition Medium
Coastal Development Medium

The biodiversity conservation targets with the highest threat
ratings are: the nearshore zone and reefs, embayments and Incompatible Forestry Medium
inshore, coastal wetlands, and tributaries and watersheds.

These systems generally have the highest numbers of threats
and are susceptible to aquatic invasive species, climate change | Non-point Source Pollution Medium
and the continued habitat impacts of dams and barriers.

Mining Medium

Terrestrial Invasive Species Medium

Next Steps

This biodiversity conservation assessment is intended to summarize the best available information on Lake
Superior’s biodiversity and provide an analysis on health and threats. This information will be used by the Lake
Superior LAMP in the development of a biodiversity conservation strategy in 2014.
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1. Introduction

1.1 Kitchi-gummi* - Lake of the Great Waters

Lake Superior is unique among the world’s freshwater lakes. Situated at the top of the chain of the
Great Lakes, it is the world’s largest freshwater lake by area and is rich in natural and human history (see
Box 1.1). Itis the coldest and deepest of the Great Lakes, with an average depth of 147 meters and a
maximum depth of 406 metres. Because of its massive size, Lake Superior has a retention period of 191
years, the longest of all the Great Lakes. Despite its northern location, the enormous mass of water in
Lake Superior rarely completely freezes over, even in the coldest winters. It is also a lake of
extraordinary biodiversity, supporting endemic and disjunct fishes, a unique deepwater form of lake
trout (Salvelinus namaycush), diverse coastal wetlands, extensive sandy beaches and the cool coastlines
and islands harbor arctic-alpine plants and woodland caribou (Rangifer tarandus caribou). While several
areas and features of the lake have been altered by human activities, Lake Superior is the least impacted
of all the Great Lakes, and many of its aquatic habitats, watersheds and coast remain healthy and intact

(Table 1.1, Figure 1.1).

Box 1.1: Ten Lake Superior Facts Everyone Should Know | The management and conservation of Lake

1. Kitchi-gummi is the Ojibwe (also known as Chippewa or Superior is unique in the Great Lakes. The lake
Anifglna?lzel)( nlfame for Lake Superior meaning “Great Waters” has large areas of public and protected lands,
or “Great Lake”. ) . . .

2. Lake Superior is the largest freshwater lake in the world by area. and First Nations and Tribes play an important

3. Lake Superior contains 10% of the world’s surface freshwater. role in managing the lake (Table 1.2, Figures 1.2
This is more water than all the other Great Lakes combined, and | and 1.3).
enough to flood all of North America under 30 cm of water.

4. Lake Superior has over 2,500 islands, including Caribou Island, .
the most isolated freshwater island in the world. Some of these While several large protected areas have been
islands support colonies of the American white pelican established and much of the Lake Superior basin
(Pelecanus erythrorhynchos). and coast is undeveloped, many coastal areas,

5. Lake Superior has 6,479 km of coastline. This is longer thanthe | particularly in the U.S., are in private ownership
?:sltjnr:cb?abetween St. John’s, Newfoundland and Victoria, British and facing increasing development pressures.

6. Lake Superior’s coast and islands support one of North Many watersheds have high housing and road
America’s southern-most populations of woodland caribou. density as a result of urban areas, second homes

7. Lake Superior’s deep waters support a unique deep-bodied and forestry (Figure 1.4) which can result in
form of lake trout called “Siscowet” (Salvelinus namaycush habitat loss and declining water quality. The lake
siscowet). . . .

8. Some coastal areas of Lake Superior remain so cool through the also has a nun;]be'r of legacy impacts including
summer that they support populations of arctic-alpine plants. dams and toxic sites. Dams have reduced access

9. The Lake Superior National Marine Conservation Area, to river habitats for some migratory fishes, and
established in 2007, is the largest freshwater protected area in some contaminants have persisted in the aquatic
the world. - .

10. Waves on Lake Superior can reach over 10 min height. A environment because of Lake Superlor s cold
phenomenon known as the "Three Sisters", when a series of waters and slow growth rate of fishes. Other key
three successive large waves form, was implicated in the sinking | issues include aquatic invasive species, mining
of the SS Edmund Fitzgerald in November 1975. and climate change.

Despite these challenges, Lake Superior remains the most pristine of all the Great Lakes and provides an
unparalleled global opportunity for binational conservation and maintaining biological reference sites in
the world’s largest freshwater ecosystem. This report provides a summary of the health and threats to
the biodiversity of Lake Superior, and is intended to provide a starting-point to develop effective
lakewide and place-based conservation strategies.

! Also spelled “Gichigammi"
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Figure 1.1: Land and Water Cover in the Lake Superior Basin

Most of the Lake Superior basin is characterized by forests and inland waters, with less than 2% in urban
and agricultural land use. The Lake Superior basin has at least double the amount of natural cover
compared to any of the other four Great Lakes (based on percentage cover). Urban areas are mainly
associated with Duluth and Thunder Bay, and agricultural land use occurs mainly in Wisconsin in the
southern portion of the basin. Some additional agricultural land use may be associated with the
“grass/brush” category (which also includes recently cut-over areas of forest).
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Table 1.1: Land and Water Cover in the Lake Superior Basin

Cover Type Area (square km) Percentage of | Percentage of
Basin & Lake Basin (Land only)
Agriculture 1,285 0.68% 1.12%
Bare ground 554 0.29% 0.48%
Cloud shadow 2,454 1.31% 2.14%
Conifer 40,340 21.46% 35.22%
Conifer/hardwood 25,940 13.80% 22.65%
Developed 348 0.19% 0.30%
Grass/brush 4,751 2.53% 4,15%
Hardwood 30,326 16.13% 26.48%
Water 8,540 4.54% 7.46%
Lake Superior 73,435 39.07% NA
Total 187,972 100% 100%
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Figure 1.2: Land Protection and Management in the Lake Superior Basin.

Lake Superior has the largest coastal protected areas in the Great Lakes basin including Pukaskwa
National Park, Lake Superior Provincial Park, Lake Superior Archipelago Conservation Reserve and Isle
Royal National Park. Over 10% of the basin and 30% of the coast is included in parks with strict
protection.
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Table 1.2: Summary of Protected Areas in the Lake Superior Basin

Protected Area Area (km®)
National Park 2,661
State or Provincial Park / Conservation Reserve 8,448
Conservation Authority/Non-Government Organization/

Land Trust/Municipal Park/ Wildlife Refuge/Wildlife Area® 1,800

2 :
Database incomplete
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Figure 1.3: First Nations and Tribal Lands and Territories in the Lake Superior Basin

First Nations and Tribes are key managers of Lake Superior. In the U.S., the Great Lakes Indian Fish and
Wildlife Commission (GLIFWC) is a lead agency for the Lakewide Action and Management Plan. In
Ontario, First Nations play an important role in managing many protected areas and several
communities are expanding their boundaries. A number of coastal areas are important cultural and
natural heritage sites for several communities.
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Figure 1.4: Housing and Road Density in the Lake Superior Basin

Housing density (red dots) and road density (red shading depicts high density, green shading lower
density) are generally higher in the U.S. than Ontario. Some regions of Ontario have high road density
from forestry operations. Isle Royale National Park, Black Bay Peninsula and the Pukaskwa National Park
region all stand out for the near absence of houses and roads.
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1.2 Objectives and Project Scope

Objectives

Efforts to conserve and restore Lake Superior’s biodiversity by the Lake Superior Lakewide Action and
Management Plan® (LAMP) have been ongoing for over 20 years. The LAMP includes over 20
organizations and provides a binational management framework to maintain and restore the physical,
chemical and biological integrity of the lake. A Vision for Lake Superior expresses the commitment and
common desire of the Lake Superior community: “to foster a healthy, clean, and safe Lake Superior
ecosystem - where diverse life forms exist in harmony; where wild shorelines and islands are maintained;
and where development is well planned and biologically sound”.

The Lake Superior LAMP has always had a very strong focus on biodiversity (LaMP 2006). Building on this
experience, the objectives of the Lake Superior Biodiversity Conservation Assessment are:

1. To present, in a single document, relevant information and planning tools related to Lake
Superior’s biodiversity and conservation.

2. To provide a more in-depth assessment of the lake’s biodiversity status and challenges at both
lakewide and regional geographical scales.

3. To support a common approach to biodiversity conservation planning among the Great Lakes by
following a concept similar to the biodiversity conservation plans for the other Great Lakes (Lake
Ontario Biodiversity Strategy Working Group 2009; Franks Taylor et al. 2010; Pearsall, Carton de
Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de Grammont, Cavalieri, Doran et al.
2012), while meeting the needs of the Lake Superior LAMP.

This Lake Superior Biodiversity Conservation Assessment is the first phase of a larger project.
Information synthesized and reviewed by experts during this phase, on the health of biodiversity,
threats, and regional priorities, will form the basis for the second phase, which will include the
development of strategic actions. This second phase is expected to be developed immediately after the
conclusion of this phase. Together, these two phases will constitute a lakewide project similar to the
biodiversity conservation strategies that have already been completed for the other Great Lakes.

The results of this project support several of the Annexes of the 2012 Great Lakes Water Quality
Agreement (GLWQA). This includes establishing baseline and assessment information that will inform
future monitoring and ecosystem objectives, identifying areas of high ecological value and the
development of lakewide habitat and species protection and restoration conservation strategies. This
document also supports initiatives outlined in the U.S. Great Lakes Restoration Initiative (GLRI) and the
Canada-Ontario Agreement Respecting the Great Lakes Basin Ecosystem, and the resulting strategy will
be used to help identify priority actions and priority areas.

® The Lake Superior LAMP was established by the Lake Superior Binational Program. The name of the LAMP was officially changed from the
Lakewide Management Plan (LaMP) to the Lakewide Action and Management Plan (LAMP) in 2013 when the amended Great Lakes Water
Quality Agreement (GLWQA) formally came into effect.
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Project Scope

Since the focus of this project is to foster binational action to conserve and restore the biodiversity of
Lake Superior, the scope will include the open waters of the lake (to the head of the St. Marys River),
islands, coastal areas (roughly 2 km inland from the shoreline) and the watersheds of tributaries with a
focus on how they affect the biodiversity of the lake (Figure 1.4).

Figure 1.4: Project Scope — Lake Superior Basin with major watersheds.
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1.3 Approach and Methods

This report was developed based on the existing information on the biodiversity of Lake Superior and
draws heavily from the biodiversity information previously developed by the LAMP (e.g. Important
Habitat Conditions in the Lake Superior Basin), Fish-Community Objectives and the State of the Lakes
Ecosystem Conference (SOLEC). The Biodiversity Conservation Strategies recently prepared for the
other Great Lakes were also reviewed (Lake Ontario Biodiversity Strategy Working Group 2009; Franks
Taylor et al. 2010; Pearsall, Carton de Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de
Grammont, Cavalieri, Doran et al. 2012). In addition, literature on Lake Superior was identified through
a search of journal databases (e.g. Web of Knowledge, JSTOR) and information searches on the internet
were also incorporated into an annotated bibliography. As Lake Superior was the last lake to have a
biodiversity conservation assessment completed, the project team also contacted several individuals
involved in those projects to identify lessons-learned and recommended approaches.

A project team from the Lake Superior LAMP first developed a draft report based on this review of
existing information. The assessment of biodiversity target health and the ranking of threats were done
through the Conservation Action Planning (CAP) framework (The Nature Conservancy [TNC] 2007). CAP
is a proven technique for planning, implementing and measuring success for conservation projects
(Figure 1.5). The CAP process helps focus conservation strategies on clearly defined biodiversity targets
and links threats to these biodiversity targets. While this project is just focussed on identifying
biodiversity targets and threats, CAP leads to creating conservation strategies and measures within an
adaptive management framework (TNC 2007). Details on how the CAP process was used to assess
biodiversity target viability and rank threats are presented in these respective sections of the report.

Figure 1.5: Conservation Action Planning Framework
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Mapping and spatial analysis was based upon existing information where possible. In some cases, GIS
analyses were conducted where information was absent, or out of date. Appendix A provides a data
catalogue and an outline of spatial analysis methods that were used for this project. In addition to a
lakewide assessment, this project also described biodiversity conditions and issues within 20 regional
units. These units were developed by the project team based on quaternary watersheds and coastal
environments/SOLEC coastal units, with input from the Aquatic Communities Committee/ Lake Superior
Technical Committee. This regional information is presented in a separate report (Volume Two).

The draft Biodiversity Conservation Assessment was shared with experts for their review. This process
included webinars that introduced the project, and a series of webinars based on biodiversity targets
and the regional summaries. In total, over 400 Lake Superior experts were contacted about the project
and provided with an opportunity to review the draft information. Expert feedback was received in
emails, in comments during the webinars, in direct comments on the draft report and in a review form
that was distributed with the draft report. In total, feedback was received and incorporated into the
report from over 80 experts. In some cases, the project team evaluated expertise of the experts,
weighing more heavily the responses of those with demonstrated or self-identified expertise on a
subject or region. This approach incorporates, in part, recommendations of Burgman et al. (2011) for
expert elicitation.
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2.0 Biodiversity Conservation Targets

Lake Superior contains a rich and diverse array of species, communities and ecosystems that include
aquatic, terrestrial and wetland biomes. Following the Conservation Action Planning Framework, this
project identified seven biodiversity conservation targets for Lake Superior (Table 2.1).

Table 2.1 Summary of Biodiversity Conservation Targets

Biodiversity Conservation Targets | Definition

Deepwater and Offshore Waters >80 m depth

Nearshore Zone and Reefs 15-80 m depth

Embayments and Inshore <15 m depth

Coastal Wetlands Wetlands within 2 km of the coast

Islands Natural and artificial islands

Coastal Terrestrial Habitats Natural habitats within 2 km of the coast

Tributaries and Watersheds Entire drainage area of Lake Superior including all tributaries and inland
waters

These biodiversity targets represent and encompass the full array of biodiversity found in Lake Superior
and are based on the major habitat types of the lake. Each of these biodiversity targets includes a suite
of integrated and nested species and communities with similar conservation needs. By effectively
conserving the major habitat types selected as biodiversity targets, these nested species and
communities will also be conserved. For example, by conserving tributaries and watersheds, the needs
of migratory fishes will also be met.

These biodiversity conservation targets were selected based on targets used by the Great Lakes
conservation strategies (Lake Ontario Biodiversity Strategy Working Group 2009; Franks Taylor et al.
2010; Pearsall, Carton de Grammont, Cavalieri, Chu et al. 2012; Pearsall, Carton de Grammont, Cavalieri,
Doran et al. 2012) and the Lake Superior LaMP 2006 (Lake Superior Binational Program [LSBP] 2006a).
Information describing these targets, nested species and habitats, their extent and health is provided in
this section. Maps depicting the distribution and health of these biodiversity targets and key nested
features have been developed where data exists. Appendix A provides a summary of the spatial data
layers used for this mapping.

Viability Assessment

To assess viability or health of each biodiversity target, all available indicators from the 2011 State of the
Lakes Ecosystem Conference (SOLEC) reports for Lake Superior were summarized and linked to the
biodiversity targets (see Appendix B). For each biodiversity target, the linked SOLEC indicators were
translated into a Conservation Action Planning (CAP) viability category (i.e. good, fair and poor) based on
the current status and trends of that indicator for Lake Superior. Each indicator was then scored and
averaged using CAP methods to provide an overall assessment of the health of the biodiversity target
(see Box 2.1). This approach to assessing target viability is consistent with the approach used for the
Great Lakes biodiversity conservation strategies for the other lakes.

10
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Box 2.1: Aggregation Rules for Viability Assessment (TNC 2007)
A numeric value is given to each graded indicator:
Very Good = 40"

Good =35
Fair=2.5
Poor=1.0

The grade for the target is derived from the average of these numeric values using the following ranges:
Poor: 1.0 - 1.745
Fair: 1.75 - 2.995
Good: 3.0-3.745

Very Good: 3.75 -4.0

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variation; may require some intervention for maintenance.

Fair Outside of the range of acceptable variation and requires management. If unchecked, the biodiversity target may be vulnerable
to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
! extirpation practically impossible.

Some of these indicators were weighted to reflect their importance in assessing the viability of the
biodiversity targets. SOLEC currently uses 18 indicators to represent overall conditions and trends of
aquatic dependent-life in the Great Lakes. These indicators represent the different levels of the food-
web and varied locations. These indicators include: lake trout, prey fish, diporeia, phytoplankton,
coastal wetland fish, lake sturgeon (Acipenser fulvescens), and walleye (Sander vitreus). Because this
group of indicators are a direct representation of biotic health, they are weighted double in the viability
assessment.

SOLEC indicators for water quality, landscapes and natural processes and pressures represent habitat
conditions in which aquatic-life depend or, are impacted by, and are fully weighed in the assessment.
Examples of these indicators include: water chemistry, aquatic habitat connectivity and aquatic non-
native species. While pressure indicators represent stresses or threats to the biodiversity targets, many
of these indicators are also inverse measures of health (e g. hardened shorelines) and were included in
the biodiversity conservation strategies for the other lakes.

Some SOLEC indicators were only half-weighted, or not used in the viability assessment. SOLEC impact
indicators (e.g. beach advisories, drinking water quality, botulism outbreaks) were half-weighted in the
viability assessment. While these indicators are very important in assessing impaired human uses of the
Great Lakes, their link to the health of biodiversity is not as direct as other SOLEC indicator categories.

The viability assessment did not include any SOLEC response indicators (e.g. treating waste water) as
these indicators are not linked to target health.

Some SOLEC indicators that are still in development or are currently undetermined for Lake Superior
were populated with recent information that informs their status (e.g. surface water temperatures are
based on GLEAM (2012) data). These are: ice duration, land cover, terrestrial non-native species,
surface water temperature, artificial coastal structures and hardened shorelines (see Appendix B for
details on these indicators and their status).

4 Only CAP categories of good, fair or poor were assigned to SOLEC indicators.

11
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In addition to SOLEC indicators, a few selected additional indicators were added for some targets. These
are published indicators that may not have wide application to the entire Great Lakes (and hence are
not SOLEC indicators), but are good measures of target health for Lake Superior. Indicators were also
added for targets that only had a few applicable SOLEC indicators (e.g. islands). “Lake Superior
Indicators” that were added to the viability assessment are:

1. Mysis relicta. This freshwater shrimp supports nearshore and offshore fishes, and plays a pivotal role
in the structure and function of the Lake Superior fish community (Isaac et al. 2012).

2. Island Condition Class. Based on the threats analysis for islands in Henson et al. (2010). Mean island
threat class was assigned to all ten coastal environments from Lake Superior. This threat index is
based on a number of factors including building density, land use, mining claims, boat launches and
access for vehicles.

3. Coastal Stress Index. A condition index developed for this report based on artificial shores, building
density and road density. This index was applied to the coastal wetlands and coastal terrestrial
habitats (see Figure 2.1b and Appendix F).

Level of Confidence

For each target, a level of confidence was applied to the overall assessment of viability. This is based on
the number and applicability of SOLEC indicators, and other published information. The following
categories were applied:

Higher: There are many SOLEC indicators that are directly linked to target health. Alarge
amount of current information is available. The viability ranking has a very high
probability of reflecting the overall health of the target in Lake Superior.

Medium: There are some SOLEC indicators that are directly linked to target health. A fair amount
of current information is available. The viability ranking has a good probability of
reflecting the overall health of the target in Lake Superior.

Lower: There are only a few SOLEC indicators that are directly linked to target health. Limited
or outdated information was available. There is uncertainty in viability ranking
reflecting the overall health of the target in Lake Superior.

For each target, the number of potential SOLEC indicators that are under development is indicated.
Application of some of these indicators may improve both the status and level of confidence of the
viability rankings in the future.

Regional Variability of Biodiversity Health

The purpose of both SOLEC indicators and this CAP viability assessment is to provide a lakewide
summary of the health of Lake Superior. For many biodiversity targets, health varies greatly between
different occurrences and different regions of the lake. Lakewide assessment and reporting are very
important for highlighting overall status, trends and issues and informing lakewide actions, but may not
be applicable (or even useful) to every region. For each biodiversity target, the amount of regional
variability for the overall biodiversity assessment is indicated based on information in the literature and
expert review.

While SOLEC indicators cannot be applied to every region around Lake Superior to provide a more local
assessment of biodiversity health, there have recently been a number of reports that have generated

indices of condition or stress including Great Lakes Cumulative Stress (GLEAM 2012; Allan et al. 2013)

12



Lake Superior Biodiversity Conservation Assessment: Final Draft, June 2013.

and Watershed Stress Index (GLEI 2013). Linking these indices to the viability of the biodiversity targets
can provide a tool to validate the lakewide assessment using SOLEC indicators, and provide greater
regional resolution on biodiversity health. Table 2.2 provides a summary of these condition/stress
indices and how they can be linked to the health of the biodiversity targets. Information from these
indices has been used to help identify the health of biodiversity targets in different regions of Lake
Superior (see Section 4 of this report on regional summaries). Basin-wide maps of these indices are
shown in Figures 2.1a-c.

Table 2.2: Biodiversity Targets and Associated Indices of Health

Biodiversity Target Linked Condition/Stress Index
Reference
Deepwater and Offshore Waters Great Lakes Cumulative Stress (GLEAM 2012; Allan et al. 2013)
Nearshore Zone and Reefs Great Lakes Cumulative Stress (GLEAM 2012; Allan et al. 2013)
Embayments and Inshore Great Lakes Cumulative Stress (GLEAM 2012; Allan et al. 2013)
Watershed Stress Index (GLEI 2013)
Coastal Wetlands Watershed Stress Index (GLEI 2013)

Coastal Condition Index (developed for this report)
Great Lakes Cumulative Stress (GLEAM 2012; Allan et al. 2013)

Islands Coastal Condition Index (developed for this report)

Island Condition Score (Henson et al. 2010)°
Coastal Terrestrial Habitats Coastal Condition Index (developed for this report)
Tributaries and Watersheds Watershed Stress Index (GLEI 2013)

> The Island Condition Score (Henson et al. 2010) was also used to assess the health of islands (see this section),
but was not mapped. The Coastal Stress Index provides similar results and provides a common measure for the
coastal areas of islands and the mainland.
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Figure 2.1: Indices of Biodiversity Health for Lake Superior (3 figures)

Figure 2.1a: Watershed Stress Index
Developed by the Great Lakes Environmental Indicators (GLEI) project in 2013 for all of the Great Lakes
(GLEI 2013). The original GLEI stress gradient, developed for the U.S. side of the Great Lakes basin was
based on 207 variables from 19 sources (Danz et al. 2007; L. Johnson, pers. comm., March 25 2013).
When mapping was extended to the Canadian side of the basin the data content, Sum-Rel (Host et al.
2011), was simplified to relative scores for 5 data layers which reflect human-derived stresses to
ecological condition:
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e Road density
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e Human population density
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Figure 2.1b: Coastal Stress Index
The Coastal Stress Index for Lake Superior was developed for this project and is based on similar units

and criteria used for the biodiversity conservation strategies for the other Great Lakes. Coastal units are

based on the intersection of the quaternary watershed and coast, and a 2 km inland buffer. Criteria
used are:

e Artificial shoreline

e Road density

e Building density

e Natural land cover on the coast

e Natural land cover in the watershed
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Figure 2.1c: Great Lakes Stress Index

The Great Lakes Stress Index was developed by the Great Lakes Assessment and Mapping (GLEAM)
project in 2012 for all of the Great Lakes (GLEAM 2012; Allan et al. 2013). The Great Lakes Stress Index

is based on 34 stressors in seven categories:
Aquatic habitat alterations

Climate change
Coastal development

Fisheries management

Invasive species

Non-point source pollution
Toxic chemical pollution
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Overall Viability Assessment of Lake Superior

Based on the health of the seven biodiversity conservation targets, the overall viability assessment for
Lake Superior is “good” (Table 2.3) —the lake is in a state of health that is within the natural range of
variation, but some management intervention may be required for some elements.

The only biodiversity target with a “fair” ranking is tributaries and watersheds. This target falls below
the CAP threshold for good because several of the indicators are ranked as fair, including the status of
some migratory fishes such as lake sturgeon, and the lack of aquatic habitat connectivity. The nearshore
zone and reefs and embayments and inshore biodiversity targets were both assessed as “good”, but are
near the threshold for fair. This is also driven by “fair” rankings for some nearshore fish species, and a
large number of landscape drivers and pressures.

Table 2.3 Summary of Biodiversity Conservation Targets

Biodiversity Conservation Targets Overall Viability

Deepwater and Offshore Waters GOOD

Nearshore Zone and Reefs GOOD (near FAIR)

Embayments and Inshore GOOD (near FAIR)

Coastal Wetlands GOOD

Islands GOOD

Coastal Terrestrial Habitats GOOD

Tributaries and Watersheds FAIR

VeryGood | Ecologically desirable status; requires little intervention for maintenance.

Good Within acceptable range of variation, may require some intervention for maintenance.

Fair Outside of the range of acceptable variation and requires management. If unchecked, the
biodiversity target may be vulnerable to serious degradation.

- Allowing the biodiversity target to remain in this condition for an extended period will make

restoration or preventing extirpation practically impossible.

The following section provides detail on each of the biodiversity targets, the indicators used to assess
them, and their viability assessments.
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Lake Superior Biodiversity Conservation Target
2.1 Deepwater and Offshore Waters

Description and Distribution

This biodiversity target includes the offshore waters of
Lake Superior that are >80 m in depth and includes both
benthic and pelagic (bottom and open water) habitats.
Approximately 77% of Lake Superior is characterized by
these deep, cold waters (Figure 2.2). The deepest areas
occur in the central portion of the lake and along the coast
in the western basin.

The offshore waters of Lake Superior provides habitat for a
number of native fishes, and the offshore fish community Lake toure an importantspeciesforthe

is predominately made up of native fish species, including | commercial and recreational fishery in Lake
siscowet lake trout (Salvelinus namaycush siscowet), cisco | Superior. A study by Minnesota Sea Grant

(Coregonus artedi), deepwater sculpin (Myoxocephalus found that recreational fishing in Lake Superior
thompsonii), kiyi (Coregonus kiyi) and burbot (Lota lota), as | has an estimated economic impact of $12.67 M-
well as bloater (Coregonus hoyi) and shortjaw cisco 17.54M annually for that state alone.

Image: http://samcook.areavoices.com/samcook/images

(Coregonus zenithicus) (Stockwell et al. 2010b).

Lake trout are the top predator in this deepwater ecosystem, and nearly all of Lake Superior provides
important habitat. Lake trout were historically adapted to a wide range of depths in Lake Superior.
Humper lake trout and siscowet lake trout are deepwater forms of lake trout that were historically
common in offshore waters. In typical offshore fish communities, deepwater ciscoes (kiyi and bloater)
and deepwater sculpin were the main prey of these deepwater lake trout (Horns et al. 2003). The
offshore fish community is supported by Mysis shrimp. Mysis exhibit diurnal vertical migration to find
zooplankton and avoid predation. Deepwater ciscoes track the Mysis, and are in turn followed by lake
trout. In this way, energy and nutrients are transferred vertically between the benthic and pelagic zones
of this ecosystem (Gorman et al. 2012a).

Deepwater ciscoes and lake trout reproduce and grow slowly, but represent a large amount of the
energy and biomass in this ecosystem (Horns et al. 2003). For several fish species, including deepwater
lake trout forms, ciscoes and sculpins, this offshore habitat encompasses nearly their entire spawning
and feeding habitat. For some offshore fish species, their life cycle and habitats remain unknown (Horns
et al. 2003).

Nested Species and Habitat Targets

e Bloater o Kiyi

Burbot e  Shortjaw Cisco
e (Cisco e phytoplankton and zooplankton
e Siscowet Lake Trout e benthic invertebrates

Humper Lake Trout e forage fishes

e Deepwater Sculpin
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Viability Assessment

The overall health of the deepwater and offshore ecosystem is “good”. This assessment is starting to
approach the threshold for “fair” and there are several indicators that are fair or even poor (see Table
2.4). The viability assessment is driven by the good health of lake trout and lower food chain species
(e.g. Diporeia, Mysis, phytoplankton). Indicators of greatest concern include decreasing ice cover and
rising air and water temperatures, and toxic chemicals which could impact this ecosystem. A high level
of confidence was assigned to the viability assessment because most indicators are currently available.
Regional variability is ranked as lower since the offshore ecosystem is highly connected.

OVERALL VIABILITY ASSESSMENT GOOD (3.13)
CONFIDENCE HIGHER
REGIONAL VARIABILITY LOWER
Number of Indicators/ Total Score 17/75
Number of Lake Superior Indicators Used 1

Number of Weighted Indicators (x2) 7

Number of Weighted Indicators (x0.5) 0

Number of Potential SOLEC Indicators in Development | 3

Of all the aquatic habitat zones in Lake Superior, the offshore zone has been reported as the least
impacted (Gorman et al. 2010b), although it has been altered by human activities. From the time of
early European settlement to the 1960s deepwater fishes were in decline, with the 1960s described as
the “period of maximum degradation” (Horns et al. 2003, p. 12). Commercial fishing of lake trout, lake
sturgeon, cisco, lake whitefish (Coregonus clupeaformis) and deepwater ciscoes caused some of these
species to become rare (Horns et al. 2003). The introduction of non-native species also affected
offshore fish distributions and food webs. Sea lamprey (Petromyzon marinus) had a significant impact
on lake trout populations. Rainbow smelt (Osmerus mordax) colonized Lake Superior, and by the 1950s
they had largely replaced cisco and whitefish as the major prey item for lake trout. The smelt remained
in nearshore areas, as opposed to the more wide-ranging cisco, and as a result offshore predators lost a
significant portion of their prey and changed their behaviour and distribution (Horns et al. 2003).

The fish community in Lake Superior has recovered in the last few decades and is now closer to the
preferred community, with the recovery of lake trout and ciscoes. An offshore fish community with lake
trout as the dominant top predator is identified in Fish-Community Objectives for Lake Superior and the
deepwater and offshore zone likely contains enough high-quality habitat to meet these fish community
objectives if sea lamprey can continue to be controlled (Horns et al. 2003).

This habitat zone has received less attention than some other zones, largely due to the fact that a
relatively small amount of data was available until recently (Stockwell et al. 2010a).

19



Lake Superior Biodiversity Conservation Assessment: Final Draft, June 2013.

Table 2.4: Ecosystem Indicators for the Health of Deepwater and Offshore Waters
SOLEC Status and Trends for Lake Superior Indicators

Indicator (Weighting)

Lake Superior
Status and Trend

Atmospheric Deposition (x1)

Fair/ Improving (for polycyclic aromatic hydrocarbons [PAHs],
organochlorine pesticides, dioxins and furans) / Unchanging or slightly
improving (for polychlorinated biphenyls [PCBs] and mercury)

Overall assessment only

Benthos (Freshwater Oligochaete) Diversity Good/ Unchanging
and Abundance (x2)

Contaminants in Whole fish (x1) Fair/ Deteriorating
Diporeia (x2) Good/ Unchanging

Fish Habitat (x1)

Ice Duration (x1)

Lake Trout (x2)

To be developed for SOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of the Great Lakes
Basin Fish Habitat Partnership

Good/ Improving

Land Cover (x1)

Good/ In preparation
Land cover in the Lake Superior basin is dominated by natural cover

Major lons (x1)

To be developed for SOLEC 2016

Mysis Density (x2) Good

Lake Superior indicator (see Appendix B)
Nutrients in Lakes (x1) Good/ Unchanging
Phytoplankton (x2) Good/ Unchanging

Preyfish Populations (x2)

Fair/ Improving

Sea Lamprey (x1)

Fair/ Improving

Sediment Coastal Nourishment (x1)

To be developed for SOLEC 2016

Surface Water Temperature (x1)

Fair/ Undetermined
Increasing

Toxic Chemicals in Offshore Waters (x1)

Fair/ Undetermined

Water Chemistry (x1)

Specific Conductance: Increasing
Total Chloride: No Change

pH: No Change

Total Alkalinity: No Change
Turbidity: Increasing

Water Clarity (x1)

Good /Undetermined/ Mostly improving

Zooplankton Biomass ( x2)

Good/ Unchanging

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variation; may require some intervention for maintenance.

Fair Outside of the range of acceptable variation and requires management. If unchecked, the biodiversity target may be
vulnerable to serious degradation.

! Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing

extirpation practically impossible.
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Figure 2.2: Deepwater and Offshore Waters. Blue shades depict regions of Lake Superior with water
depths greater than 80 metres. Grey shade depicts regions of Lake Superior with less than 80 metres of
water depth.
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Lake Superior Biodiversity Conservation Target
2.2 Nearshore Zone and Reefs

Description and Distribution

The nearshore zone is defined by a water depth of 15 to
80 metres including the lakebed and water column. Reefs
may have more shallow waters (See Figure 2.3).

Nearshore habitat is most extensive at the east and west
ends of Lake Superior (Lake Superior Binational Program
[LSBP] 2000). The waters surrounding islands, such as Isle
Royale and Michipicoten Island, are another important
location of nearshore habitat. Areas of shallow water in
the offshore also provide nearshore habitat including the
Superior Shoal and the Caribou Island Reef Complex (LSBP
2000). The nearshore zone accounts for approximately
16% of Lake Superior’s surface area. Lake Superior’s major
sport and commercial fisheries are located in the
nearshore zone (Horns et al. 2003).

The Pygmy Whitefish (Prosopium coulterii)
occurs in northwestern North America and
Siberia, with a unique disjunct population in
Lake Superior. This fish reaches a size of only
16 cm and occurs primarily in nearshore waters
at depths of 18-89 m in Lake Superior
(NatureServe 2013).

Image: http://www.seattle.gov/util/EnvironmentConservation/

Though much smaller than the offshore zone, nearshore waters are very important. These warmer
waters have a greater diversity of substrate types, and aquatic vegetation is only found in nearshore and
inshore habitats (LSBP 2000). The nearshore zone is highly productive and supports waterfowl staging
and feeding areas. Most of the fishes in Lake Superior use the nearshore zone during some part of their
life cycle (LSBP 2000), including as critical spawning habitat for lean lake trout, cisco, and lake whitefish
(Horns et al. 2003) (Figure 2.4). Lean lake trout and siscowet lake trout are the dominant predators in
the nearshore community, as well as in shallow offshore reefs (Horns et al. 2003). Some of the fish
species that are found in nearshore habitats may also spend some of their life in tributaries (e.g. lake

sturgeon and walleye) (Horns et al. 2003).

Nested Species and Habitat Targets

e Walleye

o  Lake Sturgeon

e Brook Trout (Salvelinus fontinalis)
Siscowet Lake Trout

e  Humper Lake Trout

e Lean Lake Trout
Burbot

e (Cisco

e Lake Whitefish

e Round Whitefish (Prosopium cylindraceum)
Ninespine Stickleback (Pungitius pungitius)

e Trout-perch (Percopsis omiscomaycus)

Pygmy Whitefish

Slimy Sculpin (Cottus cognatus)

Deepwater Sculpin

Longnose Sucker (Catostomus catostomus)
White Sucker (Catostomus commersonii)
Shorebirds

Waterfowl

Benthic macroinvertebrates

Native mussels

Forage fishes

Spawning habitat for deepwater fishes (e.g.
deepwater ciscoes and sculpins)
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Viability Assessment

The overall health of the nearshore and reef ecosystem is "good", although this assessment is
approaching the threshold for "fair" and there are several indicators that are fair and poor (see Table
2.5). The viability assessment is driven by the good health of lake trout and lower food chain species
(e.g. Diporeia, Mysis, phytoplankton), and the adjacent coastal areas and watersheds. Indicators of
greatest concern include decreasing ice cover and aquatic invasive species which could impact this
ecosystem. Both the level of confidence and regional variability were assigned a medium category.
Approximately 50% of the indicators are not currently available, and there will be some variation in the
conditions between nearshore areas.

OVERALL VIABILITY ASSESSMENT GOOD (3.00)
CONFIDENCE MEDIUM
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 27/103.25
Number of Lake Superior Indicators Used 1

Number of Weighted Indicators (x2) 9

Number of Weighted Indicators (x0.5) 3

Number of Potential SOLEC Indicators in Development | 12

Although generally in good health, the nearshore zone of Lake Superior is generally impacted more than
the offshore zone, as the proximity to the shore and to human populations increases the number of
stressors. Rainbow smelt became abundant in Lake Superior from the 1930s through the 1950s, and
became the main component of the nearshore prey community until a significant decline took place in
the early 1980s (Horns et al. 2003). They remain a large portion of the nearshore food web, despite
lower numbers.

Many nearshore fish species have been impacted by a decrease in habitat quality. Brook trout were
easily caught by sport anglers in nearshore waters, and this contributed to their early and rapid decline
(Horns et al. 2003; Newman et al. 2003). Lean lake trout were nearly wiped out by the combination of
fishing and the aquatic invasive sea lamprey (Horns et al. 2003). Nearshore populations of lake
sturgeon, walleye and brook trout remain lower than historical levels (Gorman et al. 2010b, Horns et al.
2003). However, in some areas progress towards their rehabilitation is underway. For example, lake
sturgeon abundance may be increasing in some areas along the south shore of Lake Superior (D.
Caroffino, pers. comm., March 20 2013; Gorman et al. 2010b).

In the nearshore zone there is probably sufficient habitat to achieve lakewide fish community objectives;
however in some regions the remaining suitable habitat is not sufficient® (Horns et al. 2003). Protection
and rehabilitation of the nearshore zone is recognized as an important objective for protecting the
diversity of fish species in Lake Superior (Horns et al. 2003).

® See embayments target
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Table 2.5: Ecosystem Indicators for the Health of Nearshore Zone and Reefs
SOLEC Status and Trends for Lake Superior Indicators

Indicator (Weighting)

Aquatic Non-Native Species (x1)

Atmospheric Deposition (x1)

Lake Superior
Status and Trend

Fair/ Improving (for PAHs, organochlorine pesticides, dioxins and furans) /
Unchanging or slightly improving (for PCBs and mercury)
Overall assessment only

Bacterial Loadings from Tributaries

To be developed for SOLEC 2016

Bald Eagles (x2)

To be developed for SOLEC 2016

Benthos (Freshwater Oligochaete)
Diversity and Abundance (x2)

Good/ Unchanging

Botulism Outbreaks (x0.5)

Undetermined/ No Change

Contaminants in Waterbirds (x1)

Good/ Improving

Contaminants in Whole fish (x1)

Fair/ Deteriorating

Contamination in Sediment (x1) Good/ Unchanging
Diporeia (x2) Good/ Unchanging
Dreissenid Mussels (x1) Good/ Unchanging

Endocrine Disruption (x0.5)

To be developed for SOLEC 2016

Fish Consumption Restrictions (x0.5)

Fair/ Undetermined

Fish Disease Occurrences (x0.5)

To be developed for SOLEC 2016

Fish Habitat (x1)

To be developed for SOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of the Great Lakes Basin Fish
Habitat Partnership

Forest Cover (x1)

Component 1: Percent of forested lands within a watershed
Good/ Improving

Component 2: Percent of forested lands within riparian zones
Good/ TDB

Groundwater Quality (x1)

To be developed for SOLEC 2016

Harmful Algal Blooms (x0.5)

Ice Duration (x1)

Industrial Loadings (x1)

Good/ Undetermined

To be developed for SOLEC 2016

Lake Sturgeon (x2)

Fair/ Improving

Lake Trout (x2)

Good/ Improving

Land Cover (x1)

Good/ In preparation
Land cover in the Lake Superior basin is dominated by natural cover

Major lons (x1)

To be developed for SOLEC 2016

Municipal Wastewater Loadings (x1)

To be developed for SOLEC 2016

Mysis Density (x2) Good

Lake Superior indicator (see Appendix B)
Nutrients in Lakes (x1) Good/ Unchanging
Phytoplankton (x2) Good/ Unchanging

Precipitation Events (x1)

Undetermined/ Increasing
Overall assessment only.

Preyfish Populations (x2)

Fair/ Improving

Sediment Coastal Nourishment (x1)

To be developed for SOLEC 2016

Surface Water Temperature (x1)

Undetermined/ Increasing

Threatened Species (x2)

To be developed for SOLEC 2016

Tributary Flashiness (x1)

St. Louis River (Lake Superior Basin)
Good/ Improving

Walleye (x2)

Fair/ Undetermined
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Indicator (Weighting) Lake Superior
Status and Trend
Water Chemistry (x1) Specific Conductance: Increasing

Total Chloride: No Change
pH: No Change

Total Alkalinity: No Change
Turbidity: Increasing

Water Clarity (x1) Good/Undetermined/ Mostly improving

Watershed Stressor Index (x1) Fair
In preparation — status of fair assigned based on average basin-wide index of
63/100

Zooplankton Biomass (x2) Good/ Unchanging

Viability Rankings of SOLEC Indicators

Very Good | Ecologically desirable status; requires little intervention for maintenance

Good Within acceptable range of variation; may require some intervention for maintenance.

Fair Outside of the range of acceptable variation and requires management. If unchecked, the biodiversity target may be
vulnerable to serious degradation.

Allowing the biodiversity target to remain in this condition for an extended period will make restoration or preventing
extirpation practically impossible.
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Figure 2.3: Nearshore Zone and Reefs. Blue shades depict regions of Lake Superior of the nearshore
zone, with water depths of 15 to 80 metres. Several reef locations are also identified.
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Figure 2.4: Lake Trout and Whitefish Spawning Areas. Shaded areas denote current and historic
spawning areas for these fishes. The point data generally reflect more accurate locations of current
spawning areas.
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Lake Superior Biodiversity Conservation Target
2.3 Embayments and Inshore

Description and Distribution

Embayments and the inshore zone occur at
depths of 0 to 15 metres. Embayments are
connected to Lake Superior, but have unique
physical properties because they are partially
protected by land from some of the physical
dynamics that occur in Lake Superior.

Inshore areas and embayments account for
approximately 7% of the area of Lake
Superior. Major embayments include Black

Bay, Nipigon Bay, Thunder Bay, Batchawana Nipigon Bay is located along the northern coast of Lake
Bay, Keweenaw Bay and Chequamegon Bay Superior. Embayments are warmer and shallower than most
(LSBP 2000) (Figure 2.5). of the lake, and more susceptible to pollution. Most of Lake

Superior’s Areas of Concern are in embayments.
Image: http://www.northshorerap.ca/

Embayments include natural bays and harbours, as well as estuaries (Gorman et al. 2010a; Gorman et al.
2010b). Although the combined size of inshore areas and embayments is small when compared to the
overall size of Lake Superior, these habitats are critical for the fish abundance and diversity throughout
Lake Superior, since these areas provide spawning and nursery habitat for many nearshore and offshore
fish species (Gorman et al. 2010a; Gorman et al. 2010b). Inshore areas are warmer and more productive
and diverse than other lake zones. Zooplankton concentrations reach their highest levels in inshore
areas, especially in major embayments (LSBP 2000), and embayments often have communities of
submerged aquatic plants. Fish communities found in embayments are very diverse and include both
warm-water and cool-water species, including walleye, smallmouth bass (Micropterus dolomieu), yellow
perch (Perca flavescens), rock bass (Ambloplites rupestris), northern pike (Esox lucius), trout-perch, lake
sturgeon, brook trout, ninespine stickleback, johnny darter (Etheostoma nigrum), emerald shiner
(Notropis atherinoides), longnose dace (Rhinichthys cataractae), sand shiner (Notropis stramineus), black
bullhead (Ameiurus melas), shorthead redhorse (Moxostoma macrolepidotum) and silver redhorse
(Moxostoma anisurum) (Horns et al. 2003). Some fish species, such as longnose dace, rock bass and
smallmouth bass use the inshore habitats for all life stages (Gorman et al. 2010b; Pratt et al. 2010).
Recent reports on the inshore zone indicate that these fish communities are dominated by stable
populations of native species (Gorman et al. 2010a).

Nested Species and Habitat Targets

o Walleye e  White Sucker
e  Lake Sturgeon e  Shorebirds
e  Brook Trout e  Waterfowl
e  Burbot e Benthic macroinvertebrates
Cisco e  Aquatic plant communities
e Lake Whitefish e Native mussels
e  Round Whitefish e Forage fishes
Ninespine Stickleback e Spawning habitat for some deepwater and
e Pygmy Whitefish nearshore fishes (e.g. lake whitefish and
e Longnose Sucker lake trout)
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Viability Assessment

The overall health of the embayment and inshore ecosystem is “good”, although this assessment is
approaching the threshold for “fair” and there are several indicators that are fair or even poor (see
Table 2.6). The viability assessment is driven by the good health of lake trout (spawning habitat) and
lower food chain species, and the adjacent coastal areas and watersheds. Indicators of greatest concern
include decreasing ice cover and aquatic invasive species which could impact this ecosystem. The level
of confidence is higher for the overall viability assessment because two-thirds of the indicators are
available. Regional variability is assigned a medium category as there is variation in the conditions
between inshore and embayment areas, largely due to adjacent land use.

OVERALL VIABILITY ASSESSMENT GOOD (3.00)
CONFIDENCE HIGHER
REGIONAL VARIABILITY MEDIUM
Number of Indicators/ Total Score 30/106.75
Number of Lake Superior Indicators Used 0

Number of Weighted Indicators (x2) 8

Number of Weighted Indicators (x0.5) 5

Number of Potential SOLEC Indicators in Development | 12

Embayments, wetlands and tributaries have historically been the zones with the greatest habitat
concerns, owing to their closer proximity to human populations and numerous associated stressors
(Horns et al. 2003; Gorman et al. 2010b). Many embayments and the inshore zones have been subject
to environmental stresses which have impacted fish communities (e.g. removal of aquatic vegetation
from Batchawana Bay affecting yellow perch, smallmouth bass and cyprinids; and mercury
contamination from a pulp mill in Peninsula Harbor affecting all species) (Horns et al. 2003). In many
bays the loss of coastal wetlands has negatively affected species such as yellow perch, walleye and
northern pike (Horns et al. 2003). A number of Areas of Concern (AOCs) in Lake Superior are located in
embayments (See Threats section).

Loss of habitat remains an issue in embayment areas (Horns et al. 2003). In the larger nearshore zone
there is probably sufficient habitat to achieve the fish community objectives; however for the
embayment target there may not be sufficient suitable habitat remaining (Horns et al. 2003). The
embayment habitat of Lake Superior is subject to dredging, break walls, discharges from vessels and
industry, and filling of wetlands (Horns et al. 2003).
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Table 2.6: Ecosystem Indicators for the Health of Embayments and Inshore
SOLEC Status and Trends for Lake Superior Indicators

Indicator

Aquatic Non-Native Species (x1)

Artificial Coastal Structures (x1)

Lake Superior
Status and Trend

Good/ To be developed for SOLEC 2016
Lake Superior has relatively few artificial coastal structures.

Atmospheric Deposition (x1)

Fair/ Improving (for PAHs, organochlorine pesticides, dioxins and furans) /
Unchanging or slightly improving (for PCBs and mercury)
Overall assessment only.

Bacterial Loadings from Tributaries (x1)

To be developed for SOLEC 2016

Bald Eagles (x2)

To be developed for SOLEC 2016

Beach Advisories (x0.5)

Good/ U.S.: Unchanging, Canada: Deteriorating

Benthos (Freshwater Oligochaete) Diversity
and Abundance (x2)

Good/ Unchanging

Botulism Outbreaks (x0.5)

Undetermined/ No Change

Cladophora (x0.5)

Good/ Unchanging

Contaminants in Waterbirds (x1)

Good/ Improving

Contaminants in Whole fish (x1)

Fair/ Deteriorating

Contamination in Sediment (x1) Good/ Unchanging
Diporeia (x2) Good/ Unchanging
Dreissenid Mussels (x1) Good/ Unchanging

Endocrine Disruption (x0.5)

To be developed for SOLEC 2016

Fish Consumption Restrictions (x0.5)

Fair/ Undetermined

Fish Disease Occurrences (x0.5)

To be developed for SOLEC 2016

Fish Habitat (x1)

To be developed for SOLEC 2016

See2006 LaMP report

This indicator is being developed with the support of the Great Lakes Basin
Fish Habitat Partnership.

Forest Cover (x1)

Component 1: Percent of forested lands within a watershed
Good/ Improving

Component 2: Percent of forested lands within riparian zones
Good/ TDB

Forest Disturbance (x1)

To be developed for SOLEC 2016

Groundwater Quality (x1)

To be developed for SOLEC 2016

Hardened Shorelines (x1)

Good
Undetermined/Undetermined
>90% of Lake Superior’s shorelines are natural.

Harmful Algal Blooms (x0.5)

Ice Duration (x1)

Industrial Loadings (x1)

Good/ Undetermined

To be developed for SOLEC 2016

Lake Sturgeon (x2)

Fair/ Improving

Lake Trout (x2)

Good/ Improving

Land Cover (x1)

Good/ In preparation
Land cover in the Lake Superior basin is dominated by natural cover.

Major lons (x1)

To be developed for SOLEC 2016

Municipal Wastewater Loadings (x1)

To be developed for SOLEC 2016

Nutrients in Lakes (x1)

Good/ Unchanging

Phytoplankton (x2)

Good/ Unchanging

Precipitation Events (x1)

Undetermined/ Increasing
Overall assessment only.

Preyfish Populations (x2)

Fair/ Improving

Sediment Coastal Nourishment (x1)

To be developed for SOLEC 2016
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