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Preface

The Governments of Canada and the United States are committed to providing public access to environmental information that is
reported through the State of the Great Lakes reporting process. This commitment is integral to the mission to protect ecosystem
health. To participate effectively in managing risks to ecosystem health, all Great Lakes stakeholders (e.g., federal, provincial, state
and local governments; non-governmental organizations; industry; academia; private citizens, Tribes and First Nations) should have
access to accurate information of appropriate quality and detail.

The information in this report, State of the Great Lakes 2005, has been assembled from various sources with the participation of
many people throughout the Great Lakes basin. The data are based on indicator reports and presentations from the State of the Lakes
Ecosystem Conference (SOLEC), held in Toronto, Ontario, October 6-8, 2004. The sources of information are acknowledged within
each section.

Expanding upon previous State of the Great Lakes reporting systems, the 2005 information is presented in three different ways:

State of the Great Lakes 2005. This technical report contains the full indicator reports as prepared by the primary authors, the indi-

cator category assessments, the lake and river assessments and management challenges. It also contains detailed references to the
data sources.

State of the Great Lakes 2005 Highlights. This report highlights key information presented in the main report.

State of the Great Lakes 2005 Indicator Summaries Series. These summaries provide information from a variety of indicators
such as: drinking water, swimming at the beaches, eating fish, air quality, aquatic invasive species, amphibians, birds, forests, coastal
wetlands, the Great Lakes food web and special places such as alvars and cobble beaches. In addition there is a technical summary
for each of the lakes, plus the St. Clair-Detroit River ecosystem and the St. Lawrence River.

This approach of multiple reports addresses the needs of multiple audiences and also satisfies the U.S. Guidelines for Ensuring and
Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated by Federal Agencies, OMB, 2002, (67 FR
8452). The guidelines were developed in response to U.S. Public Law 106-554: H.R. 5658, Section 515(a) of the Treasury and
General Government Appropriations Act for Fiscal Year 2001.
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1.0 Introduction

This State of the Great Lakes 2005 report represents the com-
pilation, scientific analysis and interpretation of data about the
Great Lakes basin ecosystem, prepared by many organizations in
both the United States and Canada. The information contained
within these pages represents the combined efforts of many sci-
entists and managers in the Great Lakes community representing
federal, Tribal/First Nations, state, provincial and municipal gov-
ernments, non-government organizations, industry, academia and
private citizens.

The sixth in a series of reports beginning in 1995, the State of
the Great Lakes 2005 provides an assessment of the Great
Lakes basin ecosystem components using a suite of ecosystem
health indicators. The Great Lakes indicator suite has been
developed, and continues to be refined, by experts as part of the
State of the Lakes Ecosystem Conference (SOLEC) process.

The SOLEC process was established by the governments of
Canada and the U.S. in response to reporting requirements of the
Great Lakes Water Quality Agreement (GLWQA) that call for
regular reporting on progress toward Agreement goals and
objectives. Since the first conference in 1994, SOLEC has
evolved into a two-year cycle of data collection, assessment and
reporting on conditions and the major pressures in the Great
Lakes basin. The year following each conference, a State of the
Great Lakes report, based on information presented and dis-
cussed at the conference and post-conference comments, is pre-
pared by Canada and the U.S. Additional information about
SOLEC and the Great Lakes indicators is available at
www.binational.net.

After the State of the Great Lakes 2003 report was issued, two
reviews of SOLEC processes and products were conducted. One
was a review by experts on indicator systems outside the Great
Lakes basin to evaluate the overall effectiveness and efficiency
of SOLEC, and the other was a review by Great Lakes stake-
holders to evaluate the entire suite of indicators developed to
date. Significant improvements in both the SOLEC process and
the configuration of the indicator suite were made as a result of
these reviews, including the deletion, modification, addition or
combination of indicators. Details of the modifications are docu-
mented in a companion report, The Great Lakes Indicators Suite:
Changes and Progress 2004.

The State of the Great Lakes 2005 provides an assessment of
each of the five Great Lakes, the St. Clair-Detroit River ecosys-
tem, the St. Lawrence River, assessments of 56 of approximately
80 ecosystem indicators and assessments of the indicator cate-
gories. The concept of indicator categories is new for this report
with indicators grouped into one or more of the following cate-
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gories: Contamination, Biotic Communities, Invasive Species,
Coastal Zones, Aquatic Habitats, Human Health, Land Use-Land
Cover, Resource Utilization, and Climate Change. Within most
of the main categories are sub-categories to further delineate
issues or geographic areas.

The assessments for each indicator and for the Lake and River
reports have been modified slightly to provide both a “status”
component (Good, Fair, Poor, Mixed) and a “trend” component
(Improving, Unchanging, Deteriorating, Undetermined).
Definitions for these rankings are as follows:
Status
Good. The state of the ecosystem component is
presently meeting ecosystem objectives or otherwise is
in acceptable condition.
Fair. The ecosystem component is currently exhibiting
minimally acceptable conditions, but it is not meeting
established ecosystem objectives, criteria, or other char-
acteristics of fully acceptable conditions.
Poor. The ecosystem component is severely negatively
impacted and it does not display even minimally
acceptable conditions.
Mixed. The ecosystem component displays both good
and degraded features.
Trend
Improving. Information provided by the report shows
the ecosystem component(s) to be changing toward
more acceptable conditions.
Unchanging. Information provided by the report
shows the ecosystem component(s) is/are neither get-
ting better nor worse.
Deteriorating. Information provided by the report
shows the ecosystem component(s) to be changing
away from acceptable conditions.
Undetermined. Data are not available to assess the
ecosystem component(s) over time, so no trend can be
identified.

The purpose of the GLWQA is “to restore and maintain the
chemical, physical and biological integrity of the waters of the
Great Lakes Basin Ecosystem.” These terms were not defined in
the Agreement, but through the SOLEC process, definitions and
practical applications of these terms are being developed.
SOLEC 2002 focussed on biological integrity while SOLEC
2006 will focus on chemical integrity. In the present report, the
Lake and River assessments focus on physical integrity which
was a theme at SOLEC 2004.

The conclusion of this State of the Great Lakes 2005 report is
that the status of the Great Lakes basin ecosystem is Mixed and
Unchanging based on Lake, River, indicator category and 56
individual indicator assessments.
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Some of the good features of the ecosystem leading to the Mixed
conclusion include:

o Persistent toxic substances are continuing to decline.

e The Great Lakes are a good source for treated drinking water.
o Total forested land in the Great Lakes basin appears to have
increased in recent decades. Approximately 50% of the Great
Lakes basin is covered by forest.

o Bald eagles are continuing to nest and fledge along the Great
Lakes shorelines.

o Lake trout stocks in Lake Superior have remained self-sus-
taining.

o Natural reproduction of lake trout is evident in Lake Ontario
and in isolated areas of Lake Huron.

e Mayfly (Hexagenia) populations have partially recovered in
western Lake Erie and in the Bay of Quinte, Lake Ontario.

e Phosphorus targets have been met in Lakes Ontario, Huron,
Michigan and Superior.

Some of the negative features of the ecosystem leading to the
Mixed conclusion include:

o Non-native species are a significant threat to the ecosystem
and continue to enter the Great Lakes (aquatic and terrestrial
species).

o Scud (Diporeia) populations continue to decline in Lakes
Michigan, Ontario and Huron.

e Type E Botulism outbreaks, resulting in the deaths of fish and
fish-eating birds, have recently been detected in a few locations
along the Lake Ontario shoreline, and minor outbreaks are con-
tinuing in Lake Erie.

o Groundwater resources are being negatively impacted by
development, withdrawal and agricultural drainage.

e Long range atmospheric transport is a continuing source of
contaminants to the Great Lakes basin.

e Native mussel populations continue to be decimated as a
result of invasive zebra mussels.

e Land use changes in favour of urbanization along the shore-
line continue to threaten natural habitats in the Great Lakes and
St. Lawrence River ecosystems.

e Some species of amphibians and wetland-dependent birds are
showing declines in population numbers — in part due to wetland
habitat conditions.

e Phosphorus levels are still above guidelines in Lake Erie.

In addition to these known negative features, certain compounds
such as brominated flame retardants, personal care products, and
pharmaceuticals are raising concerns as to their potential impacts
on the biota in the Great Lakes ecosystem.

The State of the Great Lakes 2005 report is a comprehensive
overview of ecosystem conditions in the Great Lakes basin. The
three sections that follow provide the latest information pulled
together by experts from the Great Lakes community. Section
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2.0 offers a discussion of management challenges resulting from
discussions held at SOLEC 2004 and from the indicator reports.
Section 3.0 contains the Lake and River assessments. Section 4.0
begins with the indicator category assessments which are fol-
lowed by a report for each of the 56 indicators.

The listing of the State of the Great Lakes 2005 indicator
reports, the categories, and the indicator assessments for 2005,
2003, and 2001 are provided in the following summary table. A
complete listing of all indicators in the Great Lakes suite can be
found in Section 5.0.
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D # Indicator Name 2005 Assessment 2003 2001
(Status, Trend) Assessment Assessment
CONTAMINATION Category
Nutrients
111 | Phosphorus Concentrations and Loadings Mixed, . . .
Undetermined Mixed Mixed
7061 | Nutrient Management Plans N/A N/A
Toxics in Biota
114 | Contaminants in Young-of-the-Year Spottail Shiners Mixed, Improving Mixed Improving
115 | Contaminants in Colonial Nesting Waterbirds Mixed, Improving Mixed Improving | Good
121 | Contaminants in Whole Fish Mixed, Improving N/A
. Poor-Mixed,
124 | External Anomaly Prevalence Index for Nearshore Fish Undetermined N/A (#101)
Biologic Markers of Human Exposure to Persistent Mixed,
alrr Chemicals Undetermined
4201 | Contaminants in Sport Fish Mixed, Improving I(\;Kgggl)mprovmg I(\q/lbﬁzggsl)mprovmg
4506 | Contaminants in Snapping Turtle Eggs Mixed, N/A Mixed Mixed
8135 | Contaminants Affecting Productivity of Bald Eagles Mixed, Improving Mixed Improving | Mixed Improving
8147 Popul_ation Monitoring and Contaminants Affecting the _
American Otter (2003 report) Mixed N/A
Toxics in Media
: o ; ; Mixed, Improving &
117 | Atmospheric Deposition of Toxic Chemicals Mixed. Unrc):hang?ng Mixed Mixed Improving
118 | Toxic Chemical Concentrations in Offshore Waters Mixed, Improving Mixed Improving | Mixed
119 | Concentrations of Contaminants in Sediment Cores Mixed, Improving Mixed Improving
4175 | Drinking Water Quality Good, Unchanging | Good Good
4202 | Air Quality Mixed, Improving Mixed (#4176) Mixed (#4176)
9000 | Acid Rain Mixed, Improving Mixed Improving | Mixed
Sources and Loadings
117 | Atmospheric Deposition of Toxic Chemicals m:igg IUn;] E):f;r;r;]?nﬁ Mixed Mixed Improving
4202 | Air Quality Mixed, Improving Mixed (#4176) Mixed (#4176)
9000 | Acid Rain Mixed, Improving Mixed Improving | Mixed

BIOTIC COMMUNITIES

Fish
8 | Salmon and Trout Mixed, Improving Mixed
9 | Walleye Good, Unchanging | Mixed Good
Mixed, Mixed . .
17 | Preyfish Populations D_eterloratlng _ Deterioratin Mixed Improving
Mixed, Improving 9
93 | Lake Trout Mixed, Improving & | .. o 4 Mixed
Mixed, Unchanging
125 | Status of Lake Sturgeon in the Great Lakes Mixed, .
Undetermined N/A
4502 | Coastal Wetland Fish Community Health N/A
Birds
115 | Contaminants in Colonial Nesting Waterbirds Mixed, Improving Mixed Improving | Good

N/A = Not Assessed, Number in bracket indicates related indicator
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D # Indicator Name 2005 Assessment 2003 2001
(Status, Trend) Assessment Assessment
BIOTIC COMMUNITIES (CONTINUED)
. . . Mixed, Mixed Mixed
4507 | Wetland-Dependent Bird Diversity and Abundance Deteriorating Deteriorating Deteriorating
8135 | Contaminants Affecting Productivity of Bald Eagles Mixed, Improving Mixed Improving | Mixed Improving
Mammals
8147 Popul_ation Monitoring and Contaminants Affecting the _
American Otter (2003 report) Mixed N/A
Amphibians
4504 | Coastal Wetland Amphibian Diversity and Abundance M'Xed.’ . M'Xed. . M'Xed. .
Deteriorating Deteriorating Deteriorating
Groundwater Dependant Plant and Animal
7103 -
Communities N/A
Invertebrates
. Mixed
68 | Native Freshwater Mussels N/A N/A Deteriorating
104 Be_nthos Diversity and_Abundance - Aquatic _
Oligochaete Communities (2003 report) Mixed
116 | Zooplankon Populations (2003 report) N/A Mixed
122 | Hexagenia Mixed, Improving Mixed Improving | Mixed Improving
123 | Abundances of the Benthic Amphipod Diporeia spp. M'XEO!’ . Mlxeo! . .
Deteriorating Deteriorating Mixed
4501 | Coastal Wetland Invertebrate Community Health N/A
Plants
109 | Phytoplankton Populations (2003 report) Mixed Mixed
4862 | Coastal Wetland Plant Community Health Mixed, .
Undetermined
8500 | Forest Lands - Conservation of Biological Diversity Mixed, Improving
INVASIVE SPECIES
Aquatic
Good-Fair,
18 | Sea Lamprey Improving Mixed Improving Mixed
9002 | Non-Native Species (Aquatic) Poor, Deteriorating | Poor Poor
COASTAL ZONES
Nearshore Aquatic
Mixed

4861

Effect of Water Levels Fluctuations

(2003 report)

Mixed

Deteriorating

Mixed

8131 | Extent of Hardened Shoreline (2001 report) (2001 report) Deteriorating
Coastal Wetlands

4501 | Coastal Wetland Invertebrate Community Health N/A

4502 | Coastal Wetland Fish Community Health N/A

4504 | Coastal Wetland Amphibian Diversity and Abundance M'XEO!’ . M'XEd. : Mlxeq ;
Deteriorating Deteriorating Deteriorating

4506 | Contaminants in Snapping Turtle Eggs Mixed, N/A Mixed Mixed

. . . Mixed, Mixed Mixed

4507 | Wetland-Dependent Bird Diversity and Abundance Deteriorating Deteriorating Deteriorating

Mixed, Mixed

4510

Coastal Wetland Area by Type

Deteriorating

(2001 report)

Deteriorating

N/A = Not Assessed, Number in bracket indicates related indicator
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ID # Indicator Name

2005 Assessment
(Status, Trend)

2003
Assessment

2001
Assessment

COASTAL ZONES (CONTINUED)

Mixed

4861 | Effects of Water Levels Fluctuations (2003 report) Mixed Deteriorating
4862 | Coastal Wetland Plant Community Health Mixed, .
Undetermined
Terrestrial
4861 | Effects of Water Levels Fluctuations . Mixeq .
(2003 report) Mixed Deteriorating

Area, Quality, and Protection of Special Lakeshore

8129 Communities - Alvars

(2001 report)

(2001 report)

Mixed

Area, Quality, and Protection of Special Lakeshore

8129 Communities - Cobble Beaches

Mixed,
Deteriorating

8131 | Extent of Hardened Shoreline

(2001 report)

(2001 report)

Mixed
Deteriorating

AQUATIC HABITATS

Open Lake
111 | Phosphorus Concentrations and Loadings Mixed, . . .
Undetermined Mixed Mixed
118 | Toxic Chemical Concentrations in Offshore Waters Mixed, Improving Mixed Improving | Mixed
119 | Concentrations of Contaminants in Sediment Cores Mixed, Improving Mixed Improving
. Mixed
8131 | Extent of Hardened Shoreline (2001 report) (2001 report) Deteriorating
Groundwater
7100 Natural Groundwater Quality and Human-Induced
Changes N/A N/A
7101 | Groundwater and Land: Use and Intensity N/A N/A
. Mixed,
7102 | Base Flow Due to Groundwater Discharge Deteriorating N/A
Groundwater Dependant Plant and Animal
7103 o
Communities N/A
HUMAN HEALTH
4175 | Drinking Water Quality Good, Unchanging | Good Good
4177 Biologic Markers of Human Exposure to Persistent Mixed,
Chemicals Undetermined

4200 | Beach Advisories, Postings and Closures

Mixed,
Undetermined

Mixed (#4081)

Mixed (#4081)

4201 | Contaminants in Sport Fish

Mixed, Improving

Mixed Improving
(#4083)

Mixed Improving
(#4083)

4202 | Air Quality Mixed, Improving Mixed (#4176) Mixed (#4176)
LAND USE - LAND COVER
General
7002 | Land Cover / Land Conversion N/A
7101 | Groundwater and Land: Use and Intensity N/A N/A
Forest Lands
8500 | Forest Lands-Conservation of Biological Diversity | Mixed, Improving |
Agricultural Lands
7028 | Sustainable Agriculture Practices | N/A | N/A Mixed

N/A = Not Assessed, Number in bracket indicates related indicator
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D # Indicator Name 2005 Assessment 2003 2001
(Status, Trend) Assessment Assessment
LAND USE — LAND COVER (CONTINUED)
7061 | Nutrient Management Plans N/A
7062 | Integrated Pest Management N/A
Urban/Suburban Lands
. Mixed
7000 | Urban Density Mixed, N/A Deteriorating Unable to Assess
7006 | Brownfields Redevelopment (2003 report) Mixed Improving | Mixed Improving

Protected Areas

Area, Quality, and Protection of Special Lakeshore

8129 Communities. - Alvars (2001 report) (2001 report) Mixed
8129 Area, Quq!ity, and Protection of Special Lakeshore Mixed_, .
Communities - Cobble Beaches Deteriorating
RESOURCE UTILIZATION
3514 | Commercial/Industrial Eco-Efficiency Measures (2003 report) N/A
7043 | Economic Prosperity (2003 report) ,\SALIJ);)Zdri((JIFIbasin) Mixed
7056 | Water Withdrawals Mixed, Unchanging
7057 | Energy Consumption Mixed, N/A '\DA(Ieﬁ?iorating
7060 | Solid Waste Generation (2003 report) Mixed
CLIMATE CHANGE
Mixed

4858

Climate Change: Ice Duration on the Great Lakes

(2003 report)

Deteriorating

N/A = Not Assessed, Number in bracket indicates related indicator




STATE OF THE

2.0 Management Challenges

Several management challenges, highlighted below, were identi-
fied and discussed through the SOLEC process, including: a spe-
cial session of Great Lakes environmental managers; comments
provided by SOLEC participants; and challenges reported in the
lake, river and indicator assessment reports. The management
challenges focus on the protection and restoration of the Great
Lakes basin, including land use, habitat degradation and loss,
climate change impacts and toxic contamination. The manage-
ment challenges also consider future potential impacts of chemi-
cals of emerging concern, non-native species and the inevitable
stress from an increasing human population.

Land Use

Management Challenge: What land use practices will sustain
the ecosystem over the long term, thereby contributing to
improvements in the quality of land and water?

Current land use practices throughout the basin are affecting the
chemical, physical and biological aspects of the ecosystem
including the quality of land, water, and quality of life for all
biota. Land is inextricably connected to the water and land use
practices in the Great Lakes basin will ultimately have an impact
on the water. Each Lake and River assessment presented in this
report cites the need for improved land use practices to counter
the effects of urban sprawl and increased population growth.
Population growth is inevitable. However, where the growth
occurs can be managed (protecting groundwater recharge areas
from development, for example). There is a need to demonstrate
and encourage environmentally-friendly land use practices, e.g.,
restrict where the urban growth occurs to limit the impact on
habitat, air and water quality.

Management Challenge: How can managers consider both the
environment and the economy when making decisions on land
use?

Management of the uses of land with the view to improving the
environment can be difficult when land uses are driven by mar-
ket pressures. Enlightened managers (whether private land own-
ers and developers or public service employees), however,
should seek assistance from the many planning tools and deci-
sion support systems that are currently available. In addition to
federal, state and provincial agencies which may advocate and
support sustainable development efforts, examples of on-line
availability of information and tools include the Smart Growth
Network (www.smartgrowth.org), Sustainable Communities
Network (www.sustainable.org), American Planning Association
(www.planning.org) and Cyburbia, The Urban Planning Portal
(www.cyburbia.org). While reference to these sites should not be
construed as an endorsement, they do illustrate the importance of
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careful planning and implementation for sustainable land use
practices.

Habitat Degradation and Loss

Management Challenge: How can essential habitats be protect-
ed and restored to preserve the native species and the unique
and globally significant characteristics of the Great Lakes
ecosystem?

Many factors, including the spread of non-native species, urban-
ization and population growth, degrade and decrease the amount
of available plant and animal habitats. For example: native mus-
sel species are facing extinction due to pressures from non-
native zebra and quagga mussels; hydrological alterations are
impacting the functioning of wetland habitats; and, poorly
planned development (as discussed in the Land Use section
above) is degrading or destroying essential habitats and migra-
tion corridors. Defining and identifying essential habitats in the
Great Lakes are critical along with actions promoting ecological
protection and restoration in the basin. Managers need current
data and research to determine appropriate ecological protection
and restoration tools and technologies including the ability to
identify the location, viability and amount of habitat required to
sustain a particular species. Monitoring programs to document
species trends in abundance and distribution and educational
programs that provide the public with a broad spectrum of
actions to assist with the preservation of species’ habitats are
also required.

Management Challenge: How do managers know when there is
enough habitat in the Great Lakes basin and enough biodiversity
on a unit of land?

With the current rate of habitat lost or degraded by factors such
as increasing urbanization and the spread of non-native species,
it is unlikely that the situation of “too much” habitat would ever
arise. Natural habitats and native fish and wildlife communities
are critical to maintaining ecosystem health. Numerous policies,
regulations and ongoing management efforts address habitat-
related issues, including RAPs, LaMPs, North American
Waterfowl Plan, Great Lakes Fish Community Goals and
Objectives, and others. These protection and restoration plans
are generally directed toward establishing environmental condi-
tions that support self-sustaining populations of native species
and natural communities. “Enough” habitat is therefore deter-
mined by the presence and maintenance of healthy native plant
and animal communities.

Climate Change

Management Challenge: Given the findings of climate change
science, how will managers prepare for potential climate change
impacts?

8
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The Union of Concern Scientists report on climate change in the
Great Lakes (Confronting Climate Change in the Great Lakes
Region, www.ucsusa.org/greatlakes/pdf/ex sum.pdf) and other
similar studies suggest that climate in the Great Lakes region is
changing. Climate change has the potential to impact Great
Lakes water levels, water and air temperatures, ice duration on
the lakes, the amount and type of precipitation, habitats for bio-
logical diversity, and human land uses such as agriculture and
forestry. In order to manage the impacts of a changing environ-
ment, climate change needs to be considered during long-term
planning (including investments in infrastructure, public health,
coastal development, etc.). A management challenge is to evoke
management action to adapt to the potential impacts of a chang-
ing climate.

Toxic Contamination

Management Challenge: How will the economic and practical
issues of continuing the removal of toxic contamination from our
ecosystem be addressed?

Management Challenge: How will we determine when and to
what extent to monitor specific chemicals and those of emerging
concern?

The Great Lakes community achieved significant progress in its
more than 30-year effort to remediate toxic contamination in
water, fish, sediments, air, and people. Loadings of contaminants
to the lakes have been dramatically reduced from their peaks in
the 1970s, although problems still exist. Reductions in non-point
source runoff have been significant, but optimal reductions are
not yet being achieved. Adopting alternative agricultural prac-
tices to reduce runoff of pesticides and fertilizers may require a
mix of approaches, including voluntary measures and incentives.
Controls on industrial emissions of contaminants have been leg-
islated and enforced, resulting in reductions in levels of contami-
nants in the environment. A management challenge is to eco-
nomically and practically continue to remove toxic contamina-
tion and excess nutrients from the ecosystem and prevent addi-
tional loads to the system. The health effects of multiple contam-
inants, including endocrine disrupting chemicals, pharmaceuti-
cals, other chemicals of emerging concern, and legacy chemi-
cals, need to be addressed. Participants at SOLEC 2006 will
focus on these issues as they consider chemical integrity in the
Great Lakes basin.

Information Management

Management Challenge: Given the large number of indicators
needed to assess the status of the Great Lakes basin ecosystem,
how can the findings be sorted, interpreted and shared in a way
that is expedient and productive for managers?

Managers require compilations of indicator information to be
adequately informed to make environmental management deci-
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sions. A challenge is to find a method for compiling or indexing
groups of indicators in such a way that leads to their maximum
usefulness. Indicator categories are one way to convey ecosys-
tem status to Great Lakes managers and to the public.

A challenge to managers of data/monitoring programs is how to
assess and present information for a variety of end users. Issues
of data availability and accessibility, linkages and integration of
data sources, the scalability of information from local to basin-
wide areas, and the specification of measurable endpoints are all
vital in order for the information to be useful to environmental
decision-making. For example, SOLEC organizers have found
that an indicator assessment of “mixed” is not particularly useful
to management decisions or the allocation of limited resources
without further elaboration of which environmental components
need improvement.

The current set of categories does not exclude the possibility of
reorganizing indicators into different categories or indices to
meet a manager’s needs. For example, one approach to analyze
the resource utilization category is the “Ecological Footprint.”
One of the originators of the approach, Dr. William Rees (Our
Ecological Footprint 1996), estimated that the footprint of the
Great Lakes basin, or the area of Earth required to support the
current lifestyle of Great Lakes basin citizens, would be equiva-
lent to more than five times the actual area of the basin. In other
words, if every person on earth today enjoyed the same type of
lifestyle that most Great Lakes basin citizens enjoy, we would
need an additional four earth-like planets to accommodate every-
one sustainably! Similar “index”-type approaches may be report-
ed in future State of the Great Lakes reports.

-

Source: Rees, W., and Wackernagel, M. 1996. Our Ecological
Footprint: reducing human impact on earth. Gabriola Island, BC:
New Society Publishers.
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3.0 Lake and River Assessments

This section of State of the Great Lakes 2005 provides a summa-
ry narrative of the state of each of the five Great Lakes, the St.
Clair-Detroit River ecosystem, and the St. Lawrence River. Each
narrative also includes an overall assessment based on reviews
of available scientific data, reports, and the best professional
judgment of the involved scientists and policy makers, along
with the information provided in the indicator reports found in
the section 4.0. These assessments were provided by primary
authors with consultation among the various agencies, groups
and organizations involved in the ecosystem management of
these large water bodies.

The same status and trajectory ranking categories have been
used to give an overall assessment of each water body.

Four broad ranking categories were used to characterize the
assessments:

In addition to the assessments and summary narratives, the
reports also include a discussion of the pressures on the system,
and future and emerging management issues. An underlying
emphasis on “physical integrity” throughout the reports reflects
the overall theme for SOLEC 2004.

The Lake Erie and Ontario assessment reports also contain a sta-
tus report on the fisheries within each of these lakes. Each year
the Great Lakes Fishery Commission focuses their reporting on

one of the Great Lakes. Since SOLEC occurs on a 2-year cycle,
the two most recent lake reports are provided to SOLEC partici-
pants on behalf of the Great Lakes Fishery Commission. Please
note, the Lake Ontario fishery report is a separate piece whereas
the Lake Erie fishery report is included in the Lake Erie summa-

ry.
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3.1 St. Lawrence River

Assessment: The physical integrity of the St. Lawrence River
is mixed.

The St. Lawrence River flows to the Atlantic Ocean and is the
main outlet of the Great Lakes. It was one of the first areas set!|
tled in North America. Since the arrival of the European settlers
in the 17t century, the river has undergone major structural
changes to its course, its hydrodynamics and its resources.
About 5 million people live along its shores in Quebec, and in
smaller communities along the New York and Ontario sections
of the river. The river is the primary navigational access route
for trade and commerce in the Great Lakes basin. Ten thousand
registered vessels move nearly 100 million metric tonnes of
goods on these waters to inland ports every year, although vessel
traffic has declined in recent years. As a result of both historical
and present day human activities, the river’s natural ecosystems
have been negatively impacted. The St. Lawrence River has two
Areas of Concern (AOCs) at Cornwall, Ontario and Massena,
New York (Figure 1).

A unique characteristic of the river is the presence of three dis!!
tinct water masses that flow side—by—side down to Donacona,
some 70 kilometres upstream of Quebec City. The Great Lakes
water (green water) is the centre water mass with the Ottawa
River, north shore tributaries water mass, or brown water, locat
ed on the left bank and the south shore tributaries water mass
located on the right bank. Downstream of Donacona, strong
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tidal forces enable the complete mixing of the water column.
Such flow characteristics have tremendous effects on the struc!
ture of biological communities. The extent of the impacts of the
numerous structural changes, particularly the dredging of the
shipping channel, on the flow of the three water masses, is not
known.

Structural Changes
Modifications to the river occurred for many reasons including:
e expansion of fertile grounds for agricultural purposes in
the flood plains;
e protection from floods and ice jams;
e meeting the demands of urban development;
e maintaining the shipping route; and
e generating hydroelectric power.

Structural changes to the St. Lawrence River, the most important
of which are the construction of dams for hydroelectric power
and the St. Lawrence Seaway are by far the most important
hydrodynamic alterations to this system. A lacustrine environ!]
ment has now replaced a series of daunting rapids. During the
construction of the Seaway, seven villages were flooded, affect(]
ing an area of over 260 km? and 6,500 people were forced to
move from this area as a result of the establishment of these
dams. Lake St. Frangois’ mean water level, downstream of the
dam was raised by 1 metre but its level is now stabilized.
Further downstream, the Beauharnois Canal (21 kilometres long,
1 kilometre wide and 9 metres deep) has diverted 86% of the
flow over 25 kilometres of the original river bed. The shipping

;

Areas of Concern
© st. Lawrence River (Cornwall)
© St. Lawrence River (Massena)

Legend
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Figure 1. St. Lawrence River
Source: Environment Canada
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channel between Quebec City and Montreal has been deepened
and widened, especially in the last century. Hundreds of mil(]
lions of cubic metres of sediments have been excavated and
dredged for the above activities, resulting in major changes to
habitats, and the re—introduction of contaminants into the water
column (Figure 2). Sedimentation and erosion patterns have
also changed as consequences of these structural changes.

I 184 & | 106 & |
Irogueis Moses-Saunders
Bk o Laok Dam and Locks

74 Lake Gntasi Thowsand tilands Sector __Lu“ St. Lawrence
Galop fbu = o o
Plats

Beauhamols
i Canal

Beauharnois
Dam and Locks

o
(-]

Above sea level (m)

h
(%]

Figure 2. Structural modifications (up until 1959) following
the construction of the St. Lawrence River Seaway and the
hydroelectric power dams. Historical conditions appear in blue
and present day conditions appear in red.

Source: Environment Canada

Shore hardening due to municipal and industrial development, as
well as the construction of highways, has also impacted the
physical integrity of the river. Most of the shores around the
Hochelaga Archipelago (Montreal, Laval, Perrdt and Bizard
Islands), a very dynamic milieu at the confluence of the St.
Lawrence and the Ottawa Rivers, are now hardened. This area
includes more than half of the population of the province of
Quebec. Trois—Rivieres and Quebec City show similar patterns
of shore hardening.

Shore erosion is a natural process, but commercial and recrel
ational navigation, climate change and urbanization may intensi'|
fy the process. On the north shore of the Gulf of St. Lawrence,
towns and villages are located in coastal plain deltas. The
absence of ice forming along the shoreline for the past few years
has resulted in increased erosion in these deltas. In order to prolJ
tect properties and highway infrastructure, shores have been
hardened over several kilometres, and protected with additional
wave breakers, with the added consequence of more severe ero!
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sion occurring downstream of these structures.

In the Gaspesie Peninsula, the regional road is built at the bot[]
tom of siltstone cliffs and as a result, it is subject to floods dur(]
ing storm surges which exacerbate the erosion process.

Hydrodynamic Alterations of the St. Lawrence River
Structural changes upstream of Montreal, as mentioned above,
have drastically and permanently modified the river from a fast
water river to a lacustrine flow.

In Lake St. Pierre, prior to dredging, strong currents were limit!]
ed to the channels at the head and the mouth, while a wide area
at the centre of the lake, showed fast moving waters with the
weakest currents limited to the nearshore. The dredging of an
11.3 metre deep and 230 metre wide shipping channel has drastil]
cally changed the hydrodynamic of the lake. The water flow is
mainly restricted to the shipping channel with much reduced
currents on each side, and even wider zones of weak currents by
the shores. This situation has worsened in years of low dis[J
charge. Important variations in water level and velocity bring
about major changes in wetland plant communities from low
marsh to forested swamp areas.

Alterations to the Shoreline

From Cornwall to the downstream end of Montreal Island,
approximately 80% of the shores are hardened and 20% are nat! |
ural. The reverse situation occurs in the fluvial sector, down to
the outlet of Lake St. Pierre, where 80% of the shores are natul|
ral. Downstream to Quebec City, the ratio of hardened to natural
shores is 40:60. The most severe erosion is observed on the
islands of the fluvial sector between Montreal and Lake St.
Pierre. This erosion is mostly due to navigation and overall disJ
ruption of the sediment dynamics in the system. Around
Montreal Island, hardened shores due in large part to urbanizal]
tion have resulted in major losses of wetlands and accompanying
biological communities.

Severe coastal erosion in the St. Lawrence Estuary and Gulf due
mainly to climate change will require difficult social and ecol]
nomical decisions in the near future. Costly shore protection
structures are not resistant to winter storms and these storms can
threaten those living and driving in the area.

Alterations to Habitats and Biological Resources

It has been demonstrated that the invasion of non—native species
may be facilitated by man—made or natural disruptions. It has
been estimated that the relative plant cover occupied by exotic
species in wetlands is high (42-44%) from Lake St. Louis to
Contrecoeur. Common reed and reed canary grass clearly have a
strong impact on plant diversity. The exponential distribution of
a European species of common reed in the Boucherville Islands
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InDiCcATOR
(reference years)

COMPONENT

Water level and flow
(1932-2002)

Contamination by toxic substances,
fresh water (1995-2002)

Physico-chemical and bacteriological
parameters, fresh water (1995-2001)

Oceanographic processes, estuary
and gulf (multiple=2001)

Water quality in potential swimming
areas, fresh water (1999-2001)

Shellfish area water quality (1988-2002)

Contamination of sediments by toxic
substances, Lake Saint-Frangois
(1979-1999)

Wetlands and exotic plants
(1976-2002)

Freshwater fish communities
(1995—-1997)

Contamination of freshwater fish
by toxic substances (1976-1995)

Contamination of marine resources
by toxic substances (1990-2001)

Great Blue Heron (1977-2001)

Seabirds (1925-1999)

Northern Gannet (1887-2001)

Beluga Whale population of the estuary
(1988-2000)

Reintroduction of Striped Bass

(2002 on)

Water

Sediments

Biological
Resources

Source: Environment Canada

Figure 3. State of the St. Lawrence Monitoring Program assessment of environmental indicators from 2003.
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just downstream of Montreal is a good example. Very dense
beds of this non—native species, hinders the establishment and
growth of naturally occurring vegetation and may threaten local
bird and fish populations.

Management Implications

Provincial and federal governmental departments have united
their expertise for the implementation of a long—term environ’]
mental monitoring program. A series of indicators pertaining to
water quantity and quality, sediment quality as well as diversity
and condition of biological resources at the habitat, community
and species level serve as a tool to assess the state of the ecosys(]
tems from the Quebec—Ontario border to the Gulf of St.
Lawrence. Results show that since the 1970s, toxics have
decreased in water, sediments and biota, some endangered ani'|
mal populations have been re—established or will soon be,
marine organisms and fresh water fish are safe to eat and losses
of wetlands have decreased (Figure 3). However, there are still

concerns, such as water use restrictions due to bacterial contami
nation, chemicals of emerging concern, long—term and cumulal’
tive impacts of toxics and invasive species.

Despite the major structural modifications to its physical envil]
ronment, the river still shows strong resilience to pressures as
seen by the encouraging signs of improvement in environmental
conditions. However, there are many pressures in the St.
Lawrence ecosystem that need to be addressed.
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3.2 Lake Ontario

Assessment: The status of the Lake Ontario ecosystem is
mixed.

Lake Ontario is an ecosystem in transition. Over the last hun-
dred years, the lake has been subjected to a number of stresses
including urban development, over fishing, nutrient enrichment,
contaminant discharges, introduction of non—native species (e.g.
alewife and sea lamprey), and water level regulation. These
stresses have led to the degradation of water quality, the loss of
fish and wildlife habitat and the decline of native fish communi-
ties. While the ecosystem has shown a remarkable capacity to
respond and repair this damage, new stresses continue to affect
the lake including introductions of non—native species, land use
changes and increased population growth.

LAkKEsS 2005

Background

Lake Ontario is the last in the chain of Great Lakes. Lake
Ontario is also the smallest of the Great Lakes in terms of sur-
face area, although it is relatively deep, with an average depth of
84 m, and a water retention time estimated to be about seven
years. Over 80% of the water flowing into Lake Ontario comes
from the upper Great Lakes through the Niagara River.

More than eight million people live in the Lake Ontario basin,
concentrated in the northwest part of the Canadian shoreline.
This region, commonly referred to as the “Golden Horseshoe”,
is highly urbanized and industrialized. The U.S. side of the lake
is not as heavily populated, although there are concentrated areas
of urbanization at Rochester, Syracuse and Oswego, New York.
Outside of these areas, agriculture and forests dominate the land
uses within the basin. The forested areas, however, are mainly
in the northernmost and easternmost areas of the watershed and
forest habitat is highly fragmented closer to the lake.
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There are nine Areas of Concern (AOCs) in the Lake Ontario
basin, including the Niagara River AOC (Figure 1). The causes
of impairments within the AOCs are being addressed and fish
and wildlife habitat, populations, and environmental quality are
slowly recovering. In the heavily urbanizing areas (for example,
the Golden Horseshoe), the gains being made by restoration
efforts and management action may be offset by development
pressures.

Contaminants

Canada and the U.S. have worked together to ban and control
contaminants such as PCBs, DDT, mirex, dioxin/furans, mercury
and dieldrin from entering the Great Lakes. As a result of these
management actions, levels of contaminants in the Lake Ontario
ecosystem have decreased significantly over the last 20-25
years. Recent findings indicate that the management of these
critical pollutants has been effective in reducing their presence in
the ecosystem, and that fish and wildlife have responded posi-
tively in terms of increased population numbers and healthier
offspring.
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Figure 2. Total PCB levels in 50 cm coho salmon from the
Credit River, 1976-2001.

Source: Ontario Ministry of the Environment, A. Todd and A.
Hayton, unpublished data

Critical pollutant levels in fish tissue have shown a significant
reduction (Figure 2). For example, levels of critical pollutants in
Lake Ontario coho salmon have been declining steadily with
PCB levels decreasing by 66% and a reduction in mirex concen-
trations by 50%. However, levels for some contaminants still
exceed fish consumption guideline limits.

Levels of contaminants in herring gull eggs have also decreased
dramatically (Figure 3). In the 1970s, fish—eating birds in Lake
Ontario were found to have very high levels of contaminants in
their eggs. Some species exhibited much thinner eggshells than
normal, elevated rates of embryonic mortality and deformities,
total reproductive failure, and declining population levels. Most
of these conditions have improved greatly as contaminant levels
have declined, successful reproduction is occurring and popula-
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Figure 3. DDE levels in herring gull eggs from Kingston
Harbour, 1974-2001.

Source: Data from 1974 to 1992, Bishop et al., Pettit et al.,
1994; data from 1994-2001 from Canadian Wildlife Service,
unpublished data

tion levels have generally increased. These encouraging results
suggest that the food base for fish—eating birds in Lake Ontario
is becoming less contaminated.

However, there are chemicals of emerging concern in the Lake
Ontario ecosystem including polybrominated flame retardants
(PBDEs) and the impacts of these chemicals on the Great Lakes
are still being evaluated. For more information related to
contaminants in fish, refer to the Great Lakes Indicator report
#121, Contaminants in Whole Fish, found in this report.

Some fish and wildlife populations once on the verge of extinc-
tion have rebounded. Populations of fish—eating waterbirds on
Lake Ontario have recovered and are reproducing normally.
Caspian terns, common terns, gulls and cormorants have all ben-
efited from the reduction of pollutants. Several key indicator
species such as the bald eagle, river otter and mink are also mak-
ing a comeback in the Lake Ontario ecosystem. Aquatic com-
munities, however, are still under stress from other factors. For
an update on the state of aquatic communities in Lake Ontario
refer to the Lake Ontario Fishery assessment found in this
report.

It appears that the most significant source of some critical pollu-
tants to Lake Ontario now comes from outside the Lake Ontario
basin. Upstream sources are responsible for most of the PCBs,
DDT and dieldrin that enter the lake. Most of the mirex in Lake
Ontario comes from the Niagara River basin.

Fish and Wildlife Habitat

Loss of fish and wildlife habitat is a lakewide problem caused by
artificial lake level management, the proliferation of non—native
species, and the physical loss, modification or destruction of
habitats. Two major power facilities located on the St. Lawrence
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River obstruct upstream/downstream fish passage and have
impacted fish community structure as well.

There has been a long history of loss, modification or destruc-
tion of habitats in Lake Ontario dating back to colonial times.
This destruction of land includes deforestation and the damming
of tributaries and streams. Before European settlement nearly the
entire Lake Ontario watershed was forested.

Wetlands provide vital habitat to many of Lake Ontario’s
wildlife species. It is estimated that about 50% of Lake
Ontario’s wetlands throughout the basin have been lost with the
intensively urbanized coastlines, losing 60 to 90% of their wet-
lands. These losses are a result of multiple effects associated
with urban development and human alterations, such as diking,
in—filling, dredging, and disturbances by public utilities.

Water Level Regulation

Lake water level regulation has seriously impacted Lake
Ontario’s natural resources, including fish and wildlife, shoreline
habitat and dune barrier systems, and the numerous wetland
complexes along the shoreline.

The artificial management of lake levels has inadvertently
reduced the area, quality, and functioning of Lake Ontario
nearshore wetlands. As a result of lake level regulation, Lake
Ontario wetlands are no longer experiencing the same range of
periodic high and low water levels. This reduction in range has
resulted in some wetlands becoming a monoculture of cattails
which has greatly reduced the biodiversity of nearshore areas.

Non-native Species

Over the last decade zebra and quagga mussels have significant-
ly disrupted Lake Ontario’s aquatic foodweb. Key native benth-
ic organisms vital to the health of fisheries disappeared in the
years following the arrival of these exotic mussels. These
changes threaten efforts to restore naturally reproducing popula-
tions of native lake trout and have severely impacted the white-
fish commercial fisheries.

Zebra and quagga mussels have changed many aspects of the
physical habitat of Lake Ontario. Their filtering activities have
greatly reduced the amounts of material in the water column,
thereby increasing light penetration. Increased light penetration
has, in turn, allowed re—growth of extensive macrophyte beds in
many littoral areas. The innumerable shells released as the mus-
sels die have modified onshore and nearshore habitats, creating
shell beaches, that in many cases have smothered shoreline boul-
der complexes by filling in most crevasses and fissures in rock
formations. Colonies have coated many harder surfaces as well,
encrusting many man—made features. In littoral and sublittoral
areas, colonies have formed clumps and piles over soft sub-
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strates, creating structured habitats for other macrobenthos and
holdfasts for algae. Deeper still in the water column, the quag-
gas have formed colonies that sit on top of mud substrates. In
fact, it is believed that the changes brought about by zebra and
quagga mussels in the lake will persist and may be compounded
by the arrival of additional invasive species.

These non—native mussels have not only affected the physical
habitat of the lake, but they have also dramatically impacted the
lake’s biological and chemical integrity. The zebra and quagga
mussels filter water to feed on microscopic phytoplankton and
other organic material, thereby reducing the amount of food
available to other benthic organisms. As a result, populations of
important native benthic organisms have generally declined, and
this reduction has created a ripple effect that has affected the
health of the fisheries and the pathways and fate of toxic chemi-
cals in the foodweb.

As new exotic species continue to be introduced from ballast
water from overseas shipping and other sources, the potential for
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Figure 4. Extended Golden Horseshoe population change,
1996-2001 by 2001 Consensus Subdivision.

Source: Statistics Canada Census,
http://geodepot.statcan.ca/Diss/Maps/ThematicMaps/

Population/Regional/Horseshoe_popchg E.pdf, July 20, 2005.
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impacts from other non—native species is considerable. Some
recently introduced species in Lake Ontario, such as a fish called
the round goby and a zooplankton species called the fishhook
water flea have taken advantage of the unstable conditions in
Lake Ontario and have expanded rapidly as well.

Interactions between zebra and quagga mussels with the round
goby may have created conditions that favour the growth of
Type E Botulism. Botulism was a major problem on Lake Erie
in recent years and has recently been detected at a few locations
along the Lake Ontario shoreline. The effects of Type E
Botulism were seen during the summer of 2004 on the northeast
shores of Lake Ontario.

Urbanization

On the Canadian side of the Lake Ontario basin, land use and
population growth are enormous stresses on the system. Human
populations are increasing very rapidly and so is low—density
urban sprawl. This rapid urban growth is projected to continue
around Toronto and into the Hamilton—Niagara region and will
result in the loss of large areas of farmland and natural habitats.
Between 1996 and 2001 more than 90% of Ontario’s population
growth took place in this region. By 2030, it is projected that
three million more people will live in the Lake Ontario basin
with almost all of the growth concentrated in the western end of
the lake. This region’s population will grow from 7.4 million in
2000 to 10.5 million in 2031; an increase in population of 43%.
In fact, this is the third fastest growing area in North America
and one of the top 10 most “sprawling” regions in the world.
Over the next 30 years, a loss of 1,000 km?2 of primarily agricul-
tural land is forecasted for the Golden Horseshoe if current
development trends continue. This newly urbanized area is
almost double the area of Toronto and represents a 45% increase
in the amount of urbanized land in the region.

The absolute growth in population is of concern in the Golden
Horseshoe, but equally important is the nature of that growth
(Figure 4). The fringe development is sprawling and is consum-
ing two to three times more land per person than neighbour-
hoods in the “old” City of Toronto, i.e. prior to amalgamation in
1998. Rural areas are changing as well, with larger farms, fewer
farmers, and many more country homes in rural subdivisions or
scattered lots. Because these residential uses are often located
within scenic natural areas, conflict often exists with wildlife
habitats. Overall, the large quantities of land consumed per per-
son through urbanization have resulted in increases in the
amount of impervious land area, increases in vehicular travel
and transportation related emissions and increases in stormwater
runoff.

Figure 5 illustrates the future growth areas in southern Ontario.
With these development pressures, it will be very difficult, if not
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Figure 5. Proposed areas of future growth in Ontario -
conceptual.
Source: Ministry of Public Infrastructure Renewal, 2004

impossible to maintain the recommended 30% natural cover
guidelines at the western end of Lake Ontario. It is important to
note, however, that these growth pressures are not being felt on
the U.S. side of the basin, where only modest increases in popu-
lation are forecasted, i.e., between 2000 and 2020, a 3.7%
increase in population is predicted.

Future and Emerging Management Issues

Non-—native species will continue to pose problems for the Great
Lakes basin and from a management perspective, the future is
uncertain. Once a non—native species is introduced, it disrupts
the foodweb and creates a ripple effect. It is impossible to
improve the conditions in Lake Ontario back to its original state
as the effects caused by non—native species are irreversible. The
key is to prevent non—native species from entering the Great
Lakes.

Continued growth and development in the Lake Ontario basin
cannot be stopped. The challenge will be to design communities
to accommodate more people without allowing rampant urban
sprawl and to allow for the protection of nature for future gener-
ations.

18



Acknowledgments/Sources of Information

Government of Ontario, Canada. Ministry of the Environment.
http://www.ene.gov.on.ca/, last accessed June 9, 2005.
Government of Ontario, Canada. Ministry of Public
Infrastructure Renewal. http://www.pir.gov.on.ca/, last accessed
June 13, 2005.

Government of Ontario, Canada. Ministry of Public
Infrastructure Renewal. 2004. Places to Grow: Better Choices,
Brighter Future. Discussion Paper.

http://www.pir.gov.on.ca/userfiless HTML/cma 4 35655 1.html,
last accessed June 13, 2005.

Reid, R. 2001. Status and Trends of Fish and Wildlife Habitat on
the Canadian side of Lake Ontario. Environment Canada,
Ontario Region. Toronto, Ontario: Environment Canada.

SOLEC 2004 Presentations, Toronto, Ontario. 2004. Lake
Ontario.

http://www.epa.gov/solec/solec_2004/presentations/index.html,
last accessed June 10, 2005.

U.S. Environmental Protection Agency (EPA). 1998. Lakewide
Management Plan for Lake Ontario: Stage 1: Problem

Definition. http:/www.epa.gov/glnpo/lakeont/index.html, last
accessed June 13, 2005.

U.S. Environmental Protection Agency (EPA). 2004. Lakewide
Management Plan for Lake Ontario:Lake Ontario LaMP update
2004. http://www.epa.gov/glnpo/lakeont/, last accessed June 13,
2005.

STATE OF THE GREAT LAKES 2005

Elevation?

feet 243

metres 74
Length

miles 193

kilometres 311
Breadth

miles 53

kilometres 85
Average Depth?

feet 283

metres 86
Maximum Depth?®

feet 802

metres 244
Volume?

cu.mi. 393

km?® 1,640
Water Area

sq.mi. 7,340

km? 18,960
Land Drainage Area®

sg.mi. 24,720

km?® 64,030
Total Area

sq.mi 32,060

km? 82,990
Shoreline Length®

miles 712

kilometres 1,146
Retention Time

years 6
Population: USA (2000)¢ 3,383,400
Population: Canada (2001) 6,368,255
Totals 9,751,655
Outlet St. Lawrence

River

# measured at low water datum

® Lake Ontario includes the Niagara River

¢ including islands

4 2000 population census data were calculated based
on the total population of each county, either
completely or partially, located within the watershed.

Sources:
The Great Lakes: An Environmental Atlas and
Resource Book

Statistics Canada, Environment Accounts and Statistics
Division, Spatial Environmental Information System and
Censuses of Population 2001.

U.S. Census Bureau: State and County QuickFacts.
Data derived from Population Estimates, 2000 Census
of Population and Housing, 1990 Census of Population
and Housing
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Lake Ontario Fishery

Assessment: The status of the Lake Ontario fishery is mixed
and undetermined.

The assessment of Lake Ontario fishery indicators is based on a
wide variety of dependent and independent field programs.
These programs are delivered by several agencies including N.Y.
State Department of Environmental Conservation, Ontario
Ministry of Natural Resources and the U.S. Geological Survey.
Offshore programs include angler creel surveys, bottom trawling
surveys, hydroacoustic assessment, gill net surveys and stocking
in the lake and its tributaries. Stocking includes fry and finger-
lings of salmon and trout. Salmon and trout populations are also
monitored in tributaries as they return to spawn and by using
angler creel surveys.

The nearshore is dominated by warm—water fish species and the
programs used to assess this species range from multi-mesh size
index gillnets to bottom trawls to angler creels.

Sea lamprey are monitored by a wide variety of programs focus-
ing primarily on larval and adult life stages. In addition, scarring
rates on lake trout caused by juvenile sea lamprey are an impor-
tant Great Lakes Fishery Commission abundance indicator.

Summary of the State of the Lake Ontario Fishery

The offshore lake ecosystem (>15m depth) is a dynamic and a
relatively less species—rich area with respect to the nearshore.
The offshore ecosystem continues to rely heavily on introduced
salmonines (salmon and trout) to provide fisheries for recre-
ational use and to act as top predators for alewife and smelt
(refer to Great Lakes indicator #8, Salmon and Trout, found in
this report). The current salmon and trout complex remains
reliant on alewife and smelt and these forage species are current-
ly in a mixed or deteriorating state (Figure 1 and 2). In
response, the top predators, particularly chinook salmon are
showing signs of reduced weight (Figure 3). The pelagic salmo-
nine species i.e. chinook salmon, rainbow trout (including steel-
head), brown trout, and coho salmon continue to support a recre-
ational fishery with a high catch per unit effort and are showing
variable rates of wild reproduction in many tributaries. Thus,
these species are in a fair state but given the forage food base,
the population numbers for these fish remains uncertain.
Atlantic salmon restoration remains a research initiative.
Size-related consumption advisories for a variety of chemicals
including dioxins, mirex and PCBs exist for brown and rainbow
trout, and chinook and coho salmon in both New York and
Ontario waters of the lake and in some tributaries.

Lake trout have shown signs of natural reproduction every year
since 1993 but are reliant on stocking to support the recreational
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Figure 1A. Abundance and biomass of yearling-and-older
alewife.

Figure 1B. Abundance and biomass of yearling-and-older rain-
bow smelt. Abundance estimates (represented by bar graphs)
were derived directly from hydroacoustic surveys; biomass
estimates (represented by solid line) were obtained by applying
average weights measured in midwater trawls to hydroacoustic
abundance estimates. The abundance estimates for 1999 (dark
plus light bars) was obtained by doubling the 1999 half-lake
estimate (dark bar). Average weights used in biomass calcula-
tions in 2002 (alewife) and 2002 to 2003 (smelt) were based on
pooled data from other years.

Source: U.S. Geological Survey, 2004

fishery. Survival of recently stocked lake trout is poor. Larger
lake trout continue to show persistent contaminant issues related
to a variety of chemicals including PCBs, dioxins and mirex
(Consumption Guidelines, Ministry of Environment 2003, NY'S-
DEC 2002). Sea lamprey scarring rates on lake trout have
remained at or below the targeted level of 2 per 100 lake trout.
However, the future state of lake trout remains uncertain.

The main indicator species for the nearshore is walleye. In east-
ern Lake Ontario including the Bay of Quinte, walleye have a
relatively stable but much reduced abundance in comparison to
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the late 1980s (Figure 4). Refer to Great Lakes indicator #9,
Walleye, found in this report. Walleye are still the number one
fish species sought in the Bay of Quinte and for the first time in
several years, the effort expended by anglers increased in 2003
(Figure 5). Recruitment of walleye appears to be relatively con-
sistent in recent years. There is a wide range of age classes pres-
ent in the population. However, alewife are the main prey item
for walleye (especially fish older than age 5) and given the poor
status of alewife, it is difficult to determine the future population
trends for walleye. Fortunately, walleye are less particular about
their diet than salmonines. Consumption advisories for mercury
exist for walleye greater than 23 inches (approximately 58 cm)
total length in the Canadian waters of Lake Ontario. The con-
sumption guidelines for mercury vary between Health Canada
and the Federal Drug Administration.

Pressures on the System
The current pressures on the ecosystem are non—native species,
continued colonization by cormorants, fishing pressure, effects
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Figure 2A. Stratified mean catch of adult alewives (age 2 and Figure 3A. Time series trends of mean weight (Ib) of age 2 and
older) in late April-carly May, with bottom trawls in U.S. 3 male and female chinook salmon in the Salmon River, New
waters of Lake Ontario, 1978-2003. Figure 2B. Stratified mean York. Figure 3B. Times series trends of mean weight (kg) of a
catch of rainbow smelt (age 1 and older) in June, with bottom 900 mm (35.4 inch) chinook salmon in the Credit River,
trawls in U.S. waters of Lake Ontario, 1978-2003. Ontario during the spawning run; approx. October. Note: 1 1b =
Note: 1 1b = 0.45 kg. 0.45 kg. M = Male; F = Female.
Source: U.S. Geological Survey, 2004 Source: N.Y. State Department of Environmental Conservation,

Ontario Ministry of Natural Resources, 2004
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Figure 4. The catch per unit effort (CUE) based on the catch
per gillnet set of walleye in the Bay of Quinte (closed circles)

and in the Kingston basin, Lake Ontario (open circles), 1992-
2003.

Source: Ontario Ministry of Natural Resources, 2004
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Future and Emerging Management Issues

Research and stocking of ciscoes in Lake Ontario are future
activities that could mitigate the effects of thiaminase and in
turn, increase the survival of lake trout and Atlantic salmon. The
Lake Ontario Committee and the Great Lakes Fishery
Commission have completed a research project examining
gamete collection for ciscoes and have embarked on a compre-
hensive restoration effort involving federal, state and provincial
partners. Non—native species legislation has been introduced in
Ontario and comparable legislation already exists in New York.
Amendments to the U.S. Lacey Act would also mitigate the
potential for new invasive species in Lake Ontario.

Measures to alleviate the existing pressures on Lake Ontario’s
fish community are needed.
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3.3 Lake Erie

Assessment: The status of the Lake Erie ecosystem is mixed.

Impacts of changing land use, shoreline alteration, nutrient load-
ing, chemical contamination and non—native species, as a conse-
quence of human activities, continue to affect fish and wildlife
populations, habitat quality and quantity and food web dynam-
ics. Contaminant levels in water and sediment continue to
decrease, and habitat protection activities have increased in the
Lake Erie basin.

Summary of the Status of the Lake Erie Ecosystem

The physical integrity of Lake Erie has a direct bearing on how
the lake ecosystem reacts to various stressors. Approximately
80% of Lake Erie’s total inflow of water comes through the
Detroit River, 11% from precipitation, with the remaining 9%
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from tributaries flowing through watersheds in Michigan, Ohio,
Pennsylvania, New York and Ontario (Bolsenga and Herdendorf
1993). The Niagara River is the main outflow from the lake.
Lake Erie, by volume, is the smallest of the Great Lakes, and is
second smallest in surface area. As the shallowest of the Great
Lakes, it warms quickly in the spring and summer and cools
quickly in the fall, making it the most biologically productive of
the Great Lakes.

There are ten Areas of Concern (AOCs) closely associated with
Lake Erie: the Detroit River (Binational); the River Raison
(Michigan); the Maumee, Black, Cuyahoga and Ashtabula rivers
(Ohio); Presque Isle Bay (Pennsylvania); Buffalo River (New
York); Wheatley Harbour (Ontario); and the Niagara River
(Binational). Remedial Action Plan teams have or are currently
developing strategies to deal with site—specific contaminated
sediment issues at most of these AOCs, but progress is slow.
Only one of these sites, the Presque Isle Bay AOC has recently
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Figure 1. Lake Erie drainage basin.

Source: Environment Canada
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been designated as an “Area in Recovery” (Figure 1).

About one third of the total population of the Great Lakes basin
resides within the Lake Erie watershed. This amounts to 11.6
million people (10 million American and 1.6 million Canadian),
including seventeen metropolitan areas, each with more than
50,000 residents. Many of these metropolitan areas use Lake
Erie as a source for drinking water. Continued development and
urbanization have led to increased demands for drinking water
and requests for diversions of Lake Erie water outside of the
basin. The cumulative effects of these diversions are unknown
and unless carefully managed, could have significant long—term
impacts on surface and groundwater hydrology and ecosystem
functions.

Lake Erie is naturally divided into three basins (Figure 2). The
western basin is very shallow with an average depth of 7.4 m
(24 ft) and a maximum depth of 19 m (62 ft). The central basin
is uniform in depth, with the average depth of 18.3 m (60 ft) and
a maximum depth of 25 m (82 ft). The eastern basin is the deep-
est of the three, with an average depth of 25 m (82 ft) and a
maximum depth of 64 m (210 ft). Each spring, Lake Erie waters
in the central and eastern basins thermally stratify, isolating oxy-
gen-rich surface waters from the cooler, deeper bottom waters.
Western basin waters rarely stratify due to the shallow water
depths and mixing due to storms. Stratification impacts the inter-
nal dynamics of the lake, physically, biologically, and chemical-
ly. Thermal stratification in the summer is a natural phenome-
non that occurs in many temperate lakes.
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Even though phosphorus loadings into the central basin have
been reduced and are well within target limits, there has been an
expansion of an anoxic (oxygen—poor) zone within the central
basin over the past several years. The contributory effects of
zebra/quagga mussel nutrient recycling in the development of
anoxic bottom waters are unknown. However, recent studies
(Lam et al. 1987, 2002; Charlton and Milne 2004) have shown
that oxygen depletion in the waters of Lake Erie’s central basin
hypolimnion is affected more by its thickness rather than by
nutrient loads or invasive species. When a thin hypolimnion
develops (e.g. under prolonged solar heating, insufficient wind
mixing, and/or lower lake levels), the hypolimnion volume is
reduced and strong thermal stratification usually occurs. This
stratification prevents the movement of oxygen from the upper
layers into the hypolimnion and therefore, oxygen levels that
have been depleted by biological oxygen demand (BOD) are not
replenished. Anoxic bottom waters adversely affect benthic
communities and food web dynamics. Furthermore, anaerobic
processes may increase pollutant bioavailability.

Urbanization and intensive agricultural development, particularly
in southwest Ontario and northwest Ohio, have contributed to
high sediment loads to the lake. Suspended sediment is a pollu-
tant in itself and carries many persistent toxic chemicals as well.
Suspended sediments have profoundly influenced the ecology of
the western basin and the river mouths of most of Lake Erie’s
tributaries. Much of the lake bottom is covered with fine sedi-
ments that are re—suspended when the shallow lake is disturbed
by winds. The western basin is generally the most turbid region
of the lake, and much of its sediment load eventually moves into
the central and eastern basins. Even
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sediment loads will improve the quality
and clarity of Lake Erie waters, improve
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- 42° 30N

42’ 0ON

41" 30N
45 64

83°30'W 83°00W 82'30W 82" 00'W Bi‘éO'W a1’ oow 80 50‘W

80" 0O'W

gation channels.

79°30W  79° 00W

Contaminant loadings and the accumula-

I-metre contour intervals are shown.
Source: National Geophysical Data Center, 1998

Figure 2. Map of Lake Erie bathymeftry illustrating three distinct basins. Eighty percent
of Lake Erie's total inflow of water comes through the Detroit River. Bathymetric

tion of persistent toxic chemicals in
water, sediment, fish and wildlife con-
tinue to decline. The development of
extensive pollution control regulations,

improvements in treatment technologies,
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adoption of stringent water quality standards, bans on production
and use of certain chemicals, and pollution prevention has great-
ly reduced the direct discharge of contaminants into Lake Erie.
However, Lake Erie still receives the largest amount of effluent
from sewage treatment plants (Dolan 1993). Input from com-
bined sewer overflows (CSOs) continue to be problematic in
many metropolitan areas.

Considerable progress has been made in reducing the use of
mercury and PCB containing products in the basin, with
Canadian and U.S. mercury emissions decreasing approximately
83 and 40% respectively, since 1990. However, atmospheric
deposition of contaminants such as mercury, from outside the
basin and non—point pollution (nutrients and pesticides) remain
problematic. Contaminated sediments containing mercury,
PCBs, trace metals, and pesticides are still present in many Great
Lakes’ waterways and can bioaccumulate through the food
chain, impacting the health of fish and wildlife communities and
resulting in fish consumption advisories.

Habitat loss and degradation in the Lake Erie basin over the last
200 years has been extensive (Hartman 1973; Bolsenga and
Herdendorf 1993; Halyk and Davies 1998). The most pro-
nounced impacts have occurred in tributaries, coastal wetlands
and nearshore habitats that are crucial fish spawning, nursery,
and food production areas. These coastal systems are comprised
of diverse habitats that are interconnected and dependent upon
the physical integrity of natural coastal processes to maintain
these habitats. Impacts have been most pronounced along the
southern and western shore of Lake Erie, where dredging, shore-
line armouring, infilling and diking of wetlands, and other shore-
line modifications have eliminated land—margin connections,
altered substrate and water—mass characteristics and affected nat-
ural coastal processes. For example, the shorelines of river
mouths and estuaries of Lake Erie are densely industrialized and
highly urbanized, eliminating or degrading critical spawning and
nursery habitat for a wide variety of fish species.

Loss of historic wetlands in the Lake Erie basin is estimated to
be approximately 80%, which has affected Lake Erie hydrology
and wildlife and waterfowl habitat (Snell 1987; Maynard and
Wilcox 1996). Fortunately, the rate of habitat loss and degrada-
tion has slowed dramatically within the past decade with the
implementation of more comprehensive habitat protection pro-
grams and policies. However, incremental losses of wetlands
still occur in both Canada and the U.S.

Erosion control and navigation structures such as breakwaters,
jetties, and piers interrupt nearshore sediment transport processes
and energy dynamics, change water depths, and alter nearshore
circulation patterns and substrates. In 1993, approximately 50%
of the Lake Erie shoreline was modified by some type of
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man—made structure (Figure 3, [JC 1993). In Ohio, recent work
by the Ohio Geological Survey has shown that the percentage of
hardened shorelines more than doubled between 1970 and 2000
in response to increased shoreline development and erosion
caused by near record high Lake Erie water levels. In Ohio, one
of the most extensively developed shorelines in the Great Lakes,
the percentage of hardened shoreline in 2000 ranged from 62%
in Ashtabula County to 98% in Lucas County (Table 1). Given
the continuing development pressures on the Lake Erie shore-
line, it is likely the percentage of hardened shoreline will
continue to increase over the next several decades, although at a
somewhat lower rate, as Lake Erie water levels have receded
from near historic highs.

Non-Structural
Protection Extensive
0% Protection

17%

Moderate
Protection
17%

Unprotected
54%

Minor

Protection
12%

Figure 3. Lake Erie shoreline hardening, Canada and U.S.
Source: International Joint Commission

Percent Protected Shoreline
County 1877 1937 1973 | 2000

Ashtabula 0 8 12 62
Lake 0 5 6 69
Cuyahoga 11 41 37 83
Lorain 0 6 31 79
Erie 0 14 25 87
Ottawa 1 0 25 78
Lucas 0 5 41 98

Table 1. Lake Erie shore protection trends in Ohio counties
from 1870-1990. The percentage of protected shoreline
more than doubled between 1970 and 2000 in Ohio in
response to increased shoreline development and erosion
caused by near-record high Lake Erie water levels.

Source: Ohio Department of Natural Resources-Ohio

The introduction of zebra mussels in the late 1980s triggered a
tremendous ecological change in Lake Erie. Zebra mussels
changed the physical characteristics of aquatic habitats and
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altered food web dynamics, energy transfer, and nutrient and
contaminant cycling within the lake ecosystem. Additional
non—native species such as the quagga mussel, round goby and
several large zooplankton species have further altered the sys-
tem. Increased water transparency due to the combined effects
of nutrient control and filtration by mussel species, have reduced
habitat for walleye in the western, central and eastern basins
since walleye avoid high light conditions. Furthermore,
increased water transparency combined with lower Lake Erie
water levels has resulted in an increase of submerged macro-
phytes (aquatic vegetation) and has increased benthic produc-
tion. Lake Erie beaches and submerged sediment substrates
have also been affected by mussel species with a significant loss
of soft substrates on the bed of Lake Erie (Berkman et al. 1998).
Moreover, the food web is currently in transition. Changes in
trophic conditions initiated by loading reductions became a sig-
nificant problem after mussel species initiated biological olig-
otrophication by further redirecting nutrients from pelagic pro-
duction to benthic production (Johannsson et al. 2000).

Lake Erie Fish Community

The depth of Lake Erie increases from west to east (Figure 2).
Nutrient levels decline along the same gradient, such that the
western basin is mesotrophic, the east is oligotrophic and the
central basin shows the gradient between them. Thermal envi-
ronments vary between basins and favour different groups of
fish (Kitchell et al. 1977). Species in the “cool-water” commu-
nity have temperature preferences between 20 and 28 degrees
Celsius (68 and 82 degrees Fahrenheit), and are usually found in
mesotrophic conditions (Hokanson 1977, Ryder and Kerr 1978).
Species in the “cold—water” community have temperature prefer-
ences of less than 20 degrees Celsius (68 degrees Fahrenheit),
and are usually found in oligotrophic waters. Most of the lake
volume is classified as cool-water habitat (75% of volume,
Christie and Regier 1988), and therefore, the cool-water fish
community is dominant. The west and east basins are perceived
as the organizational centres for two different fish community
types, resulting in the need for management goals for each
community as highlighted below (Ryan et al. 2001):
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as key predators.

Gizzard
Shad
30%

White Sucker

1%
Common Carp
1%
Smallmouth Bass

Walleye
23%

White Bass
2%

Alewife Drum White Perch
5% 9% 9%

Figure 4. Composition of biomass from survey gillnet catches
in the western basin of Lake Erie during fall of 2000.

Source: Ontario Ministry of Natural Resources (OMNR) and
the Ontario Commercial Fisheries Association in partnership,
OMNR 2001.

The biomass composition in western Lake Erie (Figure 4)
includes strong representation from the cool-water fish commu-
nity and some warm—water species (preference greater than 28
degrees Celsius or 82 degrees Fahrenheit). The cool-water com-
munity has lost significant biodiversity though the extinction of
the blue pike and sauger (Table 2) and by the major decline in
the abundance and distribution of lake sturgeon. Lake sturgeon
were abundant and formerly distributed lakewide. The current
population has been substantially reduced and is rarely seen over
most of the lake. It is most common in the western basin.

Walleye stocks have increased beyond their apparent historical
abundance. They exhibit migratory behaviour similar to the blue
pike and may be providing a similar predator function in the
lake. Yellow perch have also increased beyond their apparent
historical abundance. The burrowing mayfly is a key benthic

e To secure a balanced, predominantly Species Historical context | Post GLQWA Status 2004 Comments

cool-water fish community, with walleye as a |Blue Pike extinct

key predator in the western basin, central Sauger “regionally extinct”

basin, and the nearshore waters of the eastern Yellow Perch more abundant +++ Good Natural variability

basin, characterized by self-sustaining native |Walleye more abundant Ry Poor Improving

and naturalized species that occupy diverse Lake Sturgeon limited distribution rare Poor Improving
Burrowing Mayflies limited distribution + Mixed Natural variability

habitats, provide valuable fisheries, and

Community Status

Mixed Improving

reflect a healthy ecosystem.

e To secure a predominately cold—water fish
community in the deep, offshore waters of

Table 2. Status of component species and overall community state for cool-water
communities in Lake Erie. Code: less than “++++” indicates that the species is
below the potential capacity of lake.

Source: Ontario Ministry of Natural Resources

the eastern basin with lake trout and burbot
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species whose abundance has recovered to near historical levels
in major areas of the western basin, where it provides a valuable
food supply to percids and other fish species. Walleye and yel-
low perch both showed strong declines after zebra and quagga
mussels colonized the lake, however yellow perch have made a
strong recovery beginning in the late 1990s and walleye has
begun to recover with stronger reproduction in 2003. Walleye
and burrowing mayflies are both indicators of healthy
mesotrophic food webs (Edwards and Ryder 1990, Bertram and
Stadler—Salt 2000) and both are showing signs of improvement
in Lake Erie. The cool-water fish community status is assessed
as mixed and improving.
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Figure 5. Composition of biomass from survey gillnet catches
in the eastern basin of Lake Erie during the fall of 2000.
Source: Ontario Ministry of Natural Resources (OMNR) and
the Ontario Commercial Fisheries Association in partnership,
OMNR 2001.

The biomass of the community in the eastern basin (Figure 5)
shows strong representation from cold—water species. The
cold—water community has experienced a catastrophic loss of
biodiversity (Table 3). Slimy, spoonhead sculpins, deepwater
longjaw cisco, shallow—water ciscoes (lake herring), and lake
trout have been rare or absent since the 1960s or earlier (Ryan et
al. 1999).

The cold—water food web is centred in the deep waters of the
eastern basin and near—by waters of the central basin which usu-
ally maintain sufficient levels of dissolved oxygen during the
summer. Some former key invertebrate components of that food
web are either rare (Mysis relicta, or opossum shrimp) since the
1960s or earlier, or apparently extinct (Diporeia hoyi, or deep-
water amphipod) since the late 1990s (Dermot and Kerec 1997).
These organisms are a food source for all the deepwater fish
species for at least part of their life history, in north—temperate
lakes (Scott and Crossman 1973), and therefore their extinction
represents a critical loss of biodiversity.

In the 1990s, fish biomass in Lake Erie’s cold—water habitat was
dominated by rainbow smelt, a non—native invasive species.
Smelt and alewife, both non—native species, possess high levels
of thiaminase which can affect the reproductive success of fish
that consume smelt or alewife by impacting the viability of their
predator’s eggs. Lake Erie’s lake trout populations are not
self—sustaining through natural reproduction and thiaminase is
suspected as a contributing factor (Fisher et al. 1996,
Fitzsimmons and Brown 1998).

A lake trout stocking program was initiated by the New York
Department of Environmental Conservation and the United
States Fish and Wildlife Service in the 1970s. Survival of lake
trout has improved with establishment of sea lamprey control in

Species

Historical context

Post GLQWA

Status 2004

Comments

Long-jaw Cisco

extinct

Lake Herring

rare

Slimy Sculpin

extinct

Spoonhead Sculpin

extinct

Lake Trout

extinct

pre-lamprey control

Stocked

Improving

Deepwater Amphipod

extinct

+++

Opossum Shrimp

rare

Poor

Undetermined

Lake Whitefish

common

Mixed

Natural variability

Burbot

abundant

Good

Natural variability

Rainbow Trout

Naturalized/stocked

Rainbow Smelt

+Ht+

Alewife

+

Round Goby

++

Quagga Mussel

+Ht

Community Status

Mixed Improving

Table 3. Status of component species and overall community state for cold-
water communities in Lake Erie. Code: less than “++++ indicates that the
species is below the potential

capacity of lake.
Source: Ontario Ministry of Natural Resources

the 1980s (Cornelius et al. 1995). Similarly, native
burbot have also increased in abundance after sea

lamprey control was implemented (Markham et al.
2004).

Recent stocking strategies to recover lake trout popu-
lations involves the selection of genetic strains that
are better adapted to Lake Erie’s environmental con-
ditions and the release of fish (as sac—fry stage trout)
at historical spawning areas to attract fish back to
these areas for spawning purposes. Survival of the
stocked trout has improved in recent years.

The lake whitefish population increased substantially
in the 1980s, and has remained at a higher level of
abundance. The deepwater amphipod, Diporeia, an
indicator species for coldwater or oligotrophic food
webs (Ryder and Edwards 1985) that was extirpated
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in the late 1990s, has shown no sign of recovery. Although there
are sporadic reports of lake herring, the status must still be con-
sidered “extirpated” (Leach and Nepszy 1976). Most of the
native species biodiversity of the cold—water food web has been
lost. Functional biodiversity may be making some recovery as
more of the Caspian fauna associated with quagga mussels have
colonized cold—water habitat. The status of the cold—water com-
munity is assessed as mixed.

Warm—water fish are significant components of the local scale
fish community including shorelines, river mouths, bays and
coastal wetlands.

Lake Erie’s fishery is primarily based on wild native fish species
(walleye, yellow perch, smallmouth bass and lake whitefish) and
on “naturalized” stocks of rainbow trout. The Lake Erie
Committee recognizes the stock concept in management:
“Stocks (or populations) are the basic unit for conservation and
management and should, where feasible, be identified, moni-
tored, and appropriately managed.
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Thames/St. Clair
Stocks

East Basin
Stocks

West Basin
Stocks

Figure 6. Principal locations for the tagging of adult walleye and
the dispersion directions of walleye after spawning.

Source: Haas, R., Michigan Department of Natural Resources,
Mt. Clemens Fisheries Research Station, Michigan

A wild fish population, such as the walleye in Lake Erie (Figure
6), must rely upon lake and stream environments to provide suit-
able conditions for their life cycle i.e. spawning, nursery, juve-
nile and adult habitats. Over the 6,000 years that Lake Erie has
been at the current water level, there has been adaptation to local
conditions by the evolution of the population into stocks.
Walleye that were tagged from the Grand River, Ohio return
there, rather than go to other spawning areas. The “spawning
ground fidelity” that these fish show, allows them to adapt to the
local conditions. DNA testing determines how similar or diver-

gent walleye stocks are from each other, which is an indication
of the level of adaptation and separation between stocks (Stepien
1995).

Because of a long history of tagging studies and the adoption of
new technology for stock identification, a great deal of informa-
tion exists regarding walleye (Todd and Haas 1993). A number
of walleye stocks are depressed or have apparently been lost.
Poor environmental conditions in tributaries and dams have con-
tributed to loss of stocks and may prevent recovery. The current
initiatives under the Great Lakes Water Quality Agreement need
to be completed in order to allow recovery or restoration of wall-
eye stocks and other species in the lake. The status of walleye
stocks is assessed as mixed and improving.

There was a high level of integration of the Lake Erie ecosystem
by fish migrations in the 1800s. Lake herring migrated from the
eastern to western basin, and up the Detroit River to Lake St.
Clair. Lake whitefish had a similar migration and entered the
Detroit River. Similarly, the extinct blue pike (blue sub—species
of walleye) formerly migrated between basins. The smelt and
alewife, which replaced lake herring, do not exhibit migratory
behaviour. In 2000, the movement of walleye was similar to that
of blue pike. Whitefish have maintained their migratory pattern
as they started to recover in the late 1980s and earlier 1990s. An
index of ecosystem integration represented by fish migration is
assessed to be mixed and improving.

Pressures on the System

Environmental conditions in the Lake Erie ecosystem continue
to improve, but many pressures continue to challenge the physi-
cal integrity of the system. The Lake Erie ecosystem continues
to be impaired by stressors caused by:

e introduction of non—native species;

o urban sprawl, development, and associated habitat destruction
and loss;

o shoreline development and alterations;

e agricultural and industrial practices within the basin;

e atmospheric contaminant deposition from outside the basin; and

e global climate change.

There is an ongoing threat from new non—native species.
Established invasive species have irreversibly altered the ecolo-
gy of the Lake Erie ecosystem resulting in changes in all levels
of the system. Lake Erie ranks second to Lake Ontario (31 sites)
of all Great Lakes for the number of first records of aquatic
invasive species. There have been 22 sites in the open waters of
Lake Erie where non—native species were first reported (Corkum
and Grigorovich 2003). Lake Erie proper has 34 non—native
invasive fish species and new species are likely to enter the lake
from the Mississippi drainage basin and from adjacent lakes.
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Additional invasive species, including European ruffe and Asian
carp, pose potential threats to Lake Erie. European ruffe are
present in the upper Great Lakes and Asian carp are on the verge
of entering Lake Michigan via the Chicago Sanitary and
Shipping Canal. Impacts to the physical integrity of the ecosys-
tem have reduced the resiliency of the ecosystem to invasive
species introductions. Moreover, the threat from non—native
species continue to exist from ballast water, intentional introduc-
tions through aquaculture, live fish markets, sport fishing, pet
trade, and bait fishes.

Land use change has altered the physical integrity of the system
and has increased suspended solids, BOD and sediment loadings
to coastal wetlands, estuaries, and many nearshore areas result-
ing in increased turbidity, decreased dissolved oxygen and
destruction of submerged aquatic vegetation. These conditions,
in turn, have depressed zooplankton and benthic invertebrate
production, particularly in nearshore areas. The result is reduced
energy available for many forage and larval fishes at nearshore
locations, especially estuaries that were formerly extremely
important nursery zones for high value fish species.

Healthy wetlands are a valuable and intensively utilized fish
habitat in the Great Lakes. Hardening of natural habitat has
resulted in the loss of access (connectivity) to coastal wetlands
for wetland species (40% of the Lake Erie fish community) and
loss of historically significant production to the littoral zone and
open lake. Direct and irreversible loss of coastal wetland and
estuarine habitat and degradation of remaining wetlands by
infilling, dredging, diking, tributary loadings, and other physical,
chemical, and biological perturbations is likely one of several
major factors responsible for altering the Lake Erie food web
and fish community structure.

Regional climate change models (Canadian Centre for Climate
Modeling CCGM1 and UKMO/Hadley Centre HADCM?2) proj-
ecta lto?2m (3.3 to 6.6 ft) decline in long—term annual water
levels in the Great Lakes over the next 70 years (Mortsch and
Quinn 1996; Lee et al. 1996, Lofgren et al. 2002). Recent work
by Wuebbles and Hayhoe (2003) using the HADCM3 model
projects higher temperature changes for the mid—western U.S.
than those predicted by the CCGM1 and HADCM2 models. Fan
and Fay (2004) used net basin supply models based on four cli-
mate—change scenarios to show that, as compared to the base
case, the levels of Lake Erie would fall by 15 cm to 81 cm (5.9
to 32 inches). Lee et al. (1996) predicted that a reduction in
long—term annual water levels in Lake Erie and Lake St. Clair
by 1.5 m (4.9 ft) or more would significantly reduce the lakes’
surface area, moving the shoreline lakeward less than 1 km (0.6
mi) to as much as 6 km (3.7 mi). Reductions in water levels will
likely hydrologically isolate many high—quality wetland and
estuarine areas that are currently protected or maintained by gov-
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Elevation?
feet 569
metres 173
Length
miles 241
kilometres 388
Breadth
miles 57
kilometres 92
Average Depth?
feet 62
metres 19
Maximum Depth?
feet 210
metres 64
Volume?
cu.mi. 116
km?® 484
Water Area
sq.mi. 9,910
km? 25,700
Land Drainage AreaP
sq.mi. 30,140
km? 78,000
Total Area
sq.mi 40,050
km? 103,700
Shoreline Length®
miles 871
kilometres 1,402
Retention Time
years 2.6
Population: USA (2000)¢ 10,636,648
Population: Canada (2001) 2,032,283
Totals 12,668,931
Outlet Niagara River
Welland
Canal

* measured at low water datum

Lake Erie includes the St. Clair — Detroit system
¢ including islands
92000 population census data were calculated based
on the total population of each county, either
completely or partially, located within the watershed.

Sources:
The Great Lakes: An Environmental Atlas and
Resource Book

Statistics Canada, Environment Accounts and Statistics
Division, Spatial Environmental Information System and
Censuses of Population 2001.

U.S. Census Bureau: State and County QuickFacts.
Data derived from Population Estimates, 2000 Census
of Population and Housing, 1990 Census of Population
and Housing
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ernment agencies and/or non—governmental conservation organi-
zations (Mortsch 1998). Moreover, reduced water levels will
alter nearshore littoral and sub-littoral habitats, permanently
altering benthic and fish community structure throughout the
Great Lakes. The effects of lower water levels will also funda-
mentally affect seasonal timing and connectivity, food web
dynamics, and the distribution and diversity of biological com-
munities in the basin (Casselman 2002, Kling et al. 2003).

Future and Emerging Management Issues

More effective methods to prevent the introduction of new inva-
sive species into the basin and ways to prevent the spread of
those that are already established are needed. Restoration of
natural processes that restore the physical integrity of the Lake
Erie ecosystem, including: protecting Lake Erie’s water
resources (diversions), restoration of natural flow regimes and
connectivity in tributary and coastal systems, restoration of natu-
ral coastal processes, controlling urban sprawl and limiting habi-
tat destruction and loss are important next steps. The need to
anticipate long—term impacts of global change on water
resources, habitat and the Lake Erie ecosystem is essential.

Acknowledgements/Sources of Information

Berkman, P.A., Haltuch, M.A., Tichich, E., Garton, D.W.,
Kennedy, G.W., Gannon, J.E., Mackey, S.D., Fuller, J.A., and
Liebenthal, D.L. 1998. Zebra mussels invade Lake Erie muds.
Nature 393:27-28.

Bertram, P., and Stadler-Salt, N. 2000. Selection of indicators for
Great Lakes Basin Ecosystem Health: Version 4.
http://www.epa.gov/glnpo/solec/solec_2000/Selection of Indicat
ors Version 4 (FULL).pdf, last accessed June 8, 2005.

Bolsenga, S.J., and Herdendorf, C.E. (eds.). 1993. Lake Erie and
Lake St. Clair Handbook. Wayne State University Press, Detroit,
Michigan.

Casselman, J.M. 2002. Effects of temperature, global extremes,
and climate change on year-class production of warm water,
cool water, and coldwater fishes in the Great Lakes basin.
American Fisheries Society Symposium 32, pp. 39-60.

Charlton, M.N., and Milne, J.E. 2004. Review of thirty years of
change in Lake Erie water quality. National Water Research
Institute (NWRI) Contribution No. 04-167, Burlington, ON,
Canada.

Christie, G.C., and Regier, H.A. 1988. Measures of optimal ther-
mal habitat and their relationship to yields for four commercial

fish species. Can. J. Fish. Aquat. Sci. 45:301-314.

Corkum, L.D., and Grigorovich, I.A. 2003. Update on

GREAT LAKES 2005

non—native invasive species in Lake Erie. Draft 2004 LaMP
Report, Chapter 11.2.

Cornelius, F.C., Muth, K.M., and Kenyon, R. 1995. Lake trout
rehabilitation in Lake Erie: A case history. J. Great Lakes Res.
21(Supp. 1):65-82.

Dermott, R.M., and Kerec, D. 1997. Changes to the deepwater
benthos of eastern Lake Erie since the invasion of Dreissena:
1979-1993. Can. J. Fish. Aquat. Sci. 54:922-930.

Dolan, D.M. 1993. Point source loading of phosphorus to Lake
Erie. J. Great Lakes Res. 19:212-223.

Edwards, C.J., and Ryder, R.A. 1990. Biological surrogates of
mesotrophic ecosystem health in the Laurentian Great Lakes.
International Joint Commission (IJC), Windsor, Ontario.

Fan, Y., and Fay, D. 2004. Upper Great Lakes water levels for
four climate change scenarios. Great Lakes—St. Lawrence
Regulation Office, Meteorological Service of Canada,
Environment Canada.

Fisher, J.P., Fitzsimmons, J.D., Combs, G.F., and Spitzbergen,
J.M. 1996. Naturally occurring thiamine deficiency causing
reproductive failure in Finger Lakes Atlantic Salmon and Great
Lakes Lake Trout. Trans. Am. Fish. Soc. 125:167-178.

Fisheries and Oceans Canada. 2004. Canada’s Species at Risk
Act (SARA). http://www.dfo-mpo.gc.ca/species-
especes/home_e.asp, last accessed June 6, 2005.

Fitzsimmons, J.D., and Brown, S.B. 1998. Reduced egg thi-
amine levels in inland and Great Lakes lake trout and their rela-
tionship with diet. In Early life stage mortality syndrome in fish-
es of the Great Lakes and Baltic Sea, eds. G. McDonald, J.D.
Fitzsimmons, and D.C. Honeyfield, pp. 160-171. Symposium 21,
Bethesda, MD: American Fisheries Society.

Government of Canada, Committee on the Status of Endangered
Wildlife in Canada (COSEWIC). 2002.
http://www.cosewic.gc.ca/index.htm, last accessed June 6, 2005.

Halyk, L.C., and Davies, D.H. 1998. Impairment of the benefi-
cial use of Lake Erie fish habitat: draft summary. Prepared for
the Lake Erie LaMP Beneficial Use Sub-Committee, 61 pp.

Hartman, W.L. 1973. Effects of exploitation, environmental
changes, and new species on the fish habitats and resources of
Lake Erie. Great Lakes Fishery Commission Technical Report
No. 22, 43 pp.

Hokanson, K.E.F. 1977. Temperature requirements of some per-

30


http://www.epa.gov/glnpo/solec/solec_2000/Selection_of_Indicat
http://www.dfo-mpo.gc.ca/species-
http://www.cosewic.gc.ca/index.htm

STATE OF THE

cids and adaptations to the seasonal temperature cycle. J. Fish.
Res. Board Can. 34:1524-1550.

International Joint Commission (IJC). 1993. Levels reference
study—Great Lakes—St. Lawrence River basin. Annex 2: Land
Use and Management. Report submitted to the Levels Reference
Study Board, Phase II, IJC Levels Reference Study, 302 pp. plus
appendices.

Johannsson, O.E., Dermott, R., Graham, D.M., Dahl, J.A.,
Millard, E.S., Myles, D.D., and LeBlanc, J. 2000. Benthic and
Pelagic secondary production in Lake Erie after the invasion of
Dreissena spp. with implications for fish production. J. Great
Lakes Res. 26(1):31-54.

Kling, G.W., Hayhoe, K., Johnson, L.B., Magnuson, J.J.,
Polasky, S., Robinson, S.K., Shuter, B.J., Wander, M.M.,
Wuebbles, D.J., Zak, D.R., Lindroth, R.L., Moser, S.C., and
Wilson, M.L. 2003. Confronting climate change in the Great
Lakes region: impacts on our communities and ecosystems.
Union of Concerned Scientists, Cambridge, Massachusetts, and
Ecological Society of America, Washington, D.C., 105 p.

Lam, D.C.L., Schertzer, W.M., and Fraser, A.S. 1987. A post-
audit analysis of the NWRI nine-box water quality model for
Lake Erie. J. Great Lakes Res. 13:782-800.

Lam, D.C.L., Schertzer, W.M., and McCrimmon, R.C. 2002.
Modelling changes in phosphorus and dissolved oxygen pre—
and post-zebra mussel arrival in Lake Erie. National Water
Research Institute (NWRI) Contribution No. 02—198,
Environment Canada, Burlington, ON, Canada.

Lee, D.H., Moulton, R., and Hibner, D.A. 1996. Climate change
impacts on Western Lake Erie, Detroit River, and Lake St. Clair
water levels. Great Lakes—St. Lawrence Basin Project,
Environment Canada and National Oceanic and Atmospheric
Administration (NOAA), Great Lakes Environmental Research
Laboratory (GLERL) Contribution #985, 44 p.

Lofgren, B.M., Quinn, F.H., Clites, A.H., Assel, R.A., Eberhardt,
A.J., and Luukkonen, C.L. 2002. Evaluation of potential impacts
on Great Lakes Water Resources based on climate scenarios of
two GCMs: J. Great Lakes Res. 28(4):537-554.

Ludsin, S.A., Kershner, M.W., Blocksom, K.A., Stein, R.A., and
Knight, R.L. 2001. Life after death in Lake Erie: nutrient con-
trols drive fish species richness, rehabilitation. Ecol. Appl.
11:731-746.

Makarewicz, J.C., and Bertram, P. 1993. Evidence for the
restoration of the Lake Erie ecosystem. BioScience 41:216-223.

GREAT LAKES 2005

Markham, J. and 12 Co-authors. 2004. Report of the Coldwater
Task Group to the Standing Technical Committee. GLFC Lake
Erie Committee, 100 pp.

Maynard, L., and Wilcox, D. 1996. Coastal Wetlands. State of the
Great Lakes Ecosystem Conference (SOLEC) Working Paper.
Mortsch, L.D. 1998. Assessing the impact of climate change on
the Great Lakes shoreline wetlands. Climate Change
40:391-416.

Mortsch, L.D., and Quinn, F.H. 1996. Climate change scenarios
for Great Lakes basin ecosystem studies. Limnology and
Oceanography 401:903-911.

National Geophysical Data Center, National Oceanic and
Atmospheric Administration (NOAA) Satellite and Information
Service. 1998. www.ngdc.noaa.gov. last accessed June 6, 2005.

National Geophysical Data Center. 1998. Bathymetry of Lake
Erie and Lake Saint Clair. In World Data Center for Marine
Geology and Geophysics report #MGG-13, eds. L.A. Taylor, P.
Vincent, and J.S. Warren. National Geophysical Data Center,
Boulder, CO.

National Geophysical Data Center. 1998. Bathymetry of Lake
Erie and Lake St. Clair. National Geophysical Data Center,
Boulder, CO.

Ohio Department of Natural Resources (ODNR)-Division of
Geological Survey. 2004. Ohio Lake Erie Shore Structure
Inventory. Personal Communication.

Ontario Ministry of Natural Resources (OMNR). 2001. Lake
Erie fisheries report 2000, 75 pp.

Richards, R.P., and Baker, D.B. 1998. Twenty Years of Change:
The Lake Erie Agricultural Systems for Environmental Quality
(LEASEQ) Project. In Proceedings: national watershed water
quality project symposium, pp. 223-229. EPA/625/R-97/008.

Ryan, P.A., Knight, R., MacGregor, R., Towns, G., Hoopes, R.,
and Culligan, W. 2003. Fish—community goals and objectives for
Lake Erie. Great Lakes Fishery Commission Special Publication
03-02, 56 pp.

Ryan, P.A., Witzel, L.D., Paine, J., Freeman, M., Hardy, M.,
Scholten, S., Sztramko, L., and MacGregor, R. 1999. Recent
trends in fish populations in eastern Lake Erie in relation to
changing lake trophic state and food web. In State of Lake Erie
(SOLE)-Past, Present and Future, eds. M. Munawar, T. Edsall
and I.F. Munawar, pp. 241-289. Ecovision World Monograph
Series. Leiden, Netherlands: Backhus Publisher.

31


http:www.ngdc.noaa.gov

STATE OF THE GREAT LAkESsS 2005

Ryder, R.A., and Edwards, C.J. (eds.). 1985. A conceptual
approach for the application of biological indicators of ecosys-
tem quality in the Great Lakes basin. Great Lakes Science
Advisory Board, International Joint Commission, Windsor,
Ontario, and Great Lakes Fishery Commission, Ann Arbor,
Michigan.

Scott, W.B., and Crossman, E.J. 1973. Freshwater fishes of
Canada. Fish. Res. Bd. Can. Bulletin 184, Ottawa.

Snell, E.A. 1987. Wetland distribution and conversion in south-
ern Ontario. Canada Land Use Monitoring Program, Working
Paper No. 48, Inland Lands and Waters, Directorate.
Environment Canada.

SOLEC 2004 Presentations, Toronto, Ontario. 2004. Lake Erie.

http://www.epa.gov/solec/solec_2004/presentations/index.html,
last accessed June 6, 2005.

Stepien, C.A. 1995. Population genetic divergence and geo-
graphic patterns from DNA sequences: Examples from marine
and freshwater fishes. In Evolution and the aquatic ecosystem:
defining unique units in population conservation, ed. J. Nielsen,
pp- 263-287. Bethesda, MD: American Fisheries Society Special
Publication 17.

Todd, T.N., and Haas, R.C. 1993. Genetic and tagging evidence
for movement of walleyes between Lake Erie and Lake St. Clair.
J. Great Lakes Res. 19:445-452.

U.S. Fish and Wildlife Service. 2005. The Endangered Species
Program: FWS habitat conservation plan-land acquisition grant
protects 1,800 acres of habitat in northwest Montana.
http://endangered.fws.gov, accessed June 6, 2005.

Wauebbles, D.J., and Hayhoe, K. 2004. Climate change projec-
tions for the United States Midwest. Mitigation and Adaptation
Strategies for Global Change 9:335-363.

32


http://www.epa.gov/solec/solec_2004/presentations/index.html
http://endangered.fws.gov

STATE OF THE

3.4 St. Clair—Detroit River Ecosystem —“The
Corridor”

Assessment: The status of the St. Clair-Detroit River ecosystem
is mixed.

Stressors to natural ecosystem persist, including the impacts of
land use, shoreline alteration, nutrients and chemical contamina-
tion, and exotic invasive species. Contaminant levels in water
and sediment continue to decrease, and habitat protection activi-
ties have increased.

Summary of the Status of the St. Clair-Detroit River Ecosystem
The St. Clair River, Lake St. Clair and Detroit River together
serve as a corridor connecting Lake Huron and Lake Erie and
serve as a major shipping channel linking the Upper and Lower
Great Lakes. As a result of this shipping link, the region has
developed into one of the most highly industrialized and
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Ecosystem.
Source: Environment Canada
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environmentally altered areas in the Great Lakes basin. The
cities of Port Huron and Detroit, Michigan and Sarnia and
Windsor, Ontario are significant petrochemical and
manufacturing centres within North America. There are four
Areas of Concern in the St. Clair—Detroit River ecosystem
(Figure 1).

Beginning at Lake Huron, the St. Clair River flows approximate-
ly 64 km (40 mi) dropping 1.5 m (5 ft) through a predominately
straight channel in a southerly direction before entering Lake St.
Clair. Flowing through mostly urbanized areas, its banks are
hardened with structures such as riprap and retaining walls with
a few narrow beaches and vegetated bluffs.

The rapid deceleration of the flow from the St. Clair River as it
enters the wide shallow Lake St. Clair allowed suspended
sediment loads held in the river to settle out and over the millen-
nium has formed the St. Clair Delta, one of the largest freshwa-
ter deltas in the world. The delta has a complex shoreline with
many channels and shallow bays, providing some of the most
significant fish and wildlife habitat in the Great Lakes. The
opening of the Channel Cutoff in 1962, to improve commercial
shipping, forever decreased the flow in the North Channel and
the proportion of river water entering the lake through Anchor
Bay. This opening has forever altered the hydrology and habitat
availability of Anchor Bay.

Lake St. Clair has an area of 1,115 km2 (430 mi2) with a shore-
line length of 272 km (169 mi) plus the delta shoreline. Its aver-
age depth is only 3.7 m (12 ft) with a maximum natural depth of
6.4 m (21 ft). A commercial navigation channel, running
through the lake from the St. Clair River to the Detroit River, is
18 m (59 ft) wide and 8.3 m (27.2 ft) deep, making it the deepest
point in the lake. The retention time for water in the lake ranges
from four days for water from the Middle Channel to 30 days for
water from the Thames River. Due to the shallow nature of the
lake, it never thermally stratifies and oxygen levels throughout
the water column are close to saturation. These characteristics
provide the structure necessary to support large beds of emergent
and submergent aquatic vegetation, diverse habitats, and signifi-
cant fish and wildlife populations. They also make the lake vul-
nerable to annual and seasonal changes in water levels, weather,
wake disturbance and contaminants.

Lake St. Clair is generally divided into two separate water mass-
es (northwestern and southeastern). Water quality measurements
indicate that these water masses only mix occasionally. The
southeastern water mass is eutrophic and supports a diversity of
nearshore and wetland habitats. The northwestern water mass is
oligotrophic, and supports generally cooler, clearer water with
less submergent vegetation (Figure 2).
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Figure 2. Lake St. Clair land cover classifications.

Source: Great Lakes Commission, 2004

Lake St. Clair has been affected by many invasive species that
have and continue to alter the lake’s physical and ecological
integrity. For example, zebra mussels (Driessena polymorpha)
first invaded the lake in 1988. Prior to their colonization
(1976—1988) water transparency in the lake ranged from 0.9-1.9
m (3-6.25 ft) in Ontario waters. Post colonization (1989-1993)
water transparency ranged from 1.2—4.0 m (4-13 ft). Their
introduction has resulted in dramatic ecological changes to the
lake including: decreased preferred habitat for walleye, a col-
lapse of the native mussel population in the open lake, increased
submergent aquatic vegetation, and an overall decrease in lake
productivity.

Lake St. Clair drains into the Detroit River, running approxi-
mately 51 km (32 mi) and falling 0.9 m (3 ft) before discharging
into Lake Erie. The river varies in depth from I mto 15 m
(3-50 ft). There are twelve islands in the river. The river can be
divided into two reaches, upper and lower, each with different
hydraulic characteristics. The upper reach can be generalized as
a narrow, deep channel with a steep shoreline that extends from
Lake St. Clair to Fighting Island (downstream approximately 21
km or 13 mi) with a fall of only 0.3 m (1 ft). The lower reach
by contrast is a wide, shallow channel with ten small islands.
The river falls 0.5 m (1.5 ft) between Fighting Island and Bois
Blanc Island, leaving a fall of less that 0.2 m (0.5 ft) for the
remainder of the river. Extensive rock excavation and dredging
was required to create the 5 navigational channels through the
lower reach, forever altering the bottom structure of the river.

Flowing through the cities of Detroit, Michigan and Windsor,
Ontario the Detroit River shorelines are densely industrialized
and highly urbanized. This development altered significant
amounts of shoreline, necessitated dredging, and caused water-

shed alterations that have resulted in very little natural habitat
remaining in the Detroit River or its watershed.

Tributaries and sewers drain approximately 2,097 km? (807 mi?2)
directly into the Detroit River. These inputs drain large industri-
al and urban areas and often contain elevated levels of sediment,
nutrients, bacteria, metals, and chemicals. Large impermeable
surfaces in the watershed often mean increased risks of local
flooding; which further alters the natural watershed hydrology
and contributes even more contaminates to the Detroit River.

These contaminants can bioaccumulate through the food chain
impacting the health of fish and wildlife communities, resulting
in consumption restrictions. Within the St. Clair Detroit River
ecosystem monitoring by government agencies shows concentra-
tions of mercury, PCBs and several pesticides in water and sedi-
ment are declining, while phosphorus and bacterial levels show
no declines. Large areas of elevated contaminant concentrations
can be found in the St. Clair River, Rouge River and the Trenton
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Channel, Detroit River (Figures 3 and 4). In some locations
monitoring data are showing contaminant concentrations exceed-
ing the Probable Effect Limits in recently deposited sediment,
indicating that contaminated discharges are still occurring.

Pressures on the System

Environmental improvements within the St. Clair—Detroit River
ecosystem are slowly occurring which indicates that the condi-
tion of the system is “mixed”. For example, the corridor has
some valuable fisheries, e.g. walleye, smallmouth, musky,
although; it continues to have depressed fish stocks, e.g. stur-
geon, herring, whitefish. Due to the complexity and diverse eco-
logical variations throughout the St. Clair—Detroit River system,
the status of the system in the near future will continue to be
“mixed”.

However, exotic invasive species, contaminants, hardened shore-
lines, loss of habitat and land use alterations continue to chal-
lenge the physical integrity of the system and these changes to
the system often occur rapidly and more often than not, perma-
nently.

There is an ongoing threat from new exotic invasive species.
Established invasive exotic species have irreversibly altered the
ecology of the St. Clair—Detroit River ecosystem resulting in
changes at all levels of the ecosystem.

Changes to air temperatures, water levels, significant weather
events and ice cover duration and thickness as a result of climate
change, may have extensive and dramatic effects to this shallow,
productive and fast flowing St. Clair—Detroit River system.
These effects are of particular concern for littoral zones on the
eastern and northern Lake St. Clair shorelines that are influenced
by prevailing southwest winds. If water levels were to drop
below a certain threshold, wave energy would be dissipated at an
offshore bar and, in turn, may cause significant changes to the
water transparency and sediment re-suspension in the littoral
zone. Models predict significant shoreline and lake bed expo-
sure, loss of critical open water and wetland habitats, increased
requirements for dredging of marinas and the navigational chan-
nel, etc.

Historical and current discharges from industrial, urban, rural
and agricultural land use affect the health and vitality of fish and
wildlife populations and result in consumption restrictions,
drinking water closures and beach closures.

Dredging and shoreline hardening to facilitate shipping or recre-
ational boating and to protect against flooding including diking
associated with residential areas, cottages, marinas and agricul-
ture has significantly altered the hydrology of the St. Clair
—Detroit River system. The altered hydrology changes the

GREAT LAKES 2005

movement of sediments within the system, and can irreversibly
change the location, extent, and diversity of habitats.

Future and Emerging Management Issues

The implementation of activities to eliminate chemical inputs,
manage sediment and nutrient inputs, reduce the effects of exotic
invasive species, prevent the introduction of new exotic species
and manage for a more natural hydrology will improve the quali-
ty and quantity of habitats in the St. Clair—Detroit River system.

Elevation
feet 569
metres 173
Length
miles 26
kilometres 42
Mean Breadth
miles 24
kilometres 39
Mean Depth
feet 11
metres 3.4
Mean Annual Discharge?®
ft.%s 183,000
m’/s 5182
Maximum Depth (natural)
feet 21
metres 6.5
Land Drainage AreaP
sg.mi. 6,100
km? 15,799
Water Surface Area®
Sg.mi 400
km? 1036
Shoreline Length
miles 62
kilometres 100
Inflow into Lake St. Clair
® Land areas include the total drainage area to the
outlet of the upstream lake
¢ Water Surface Area does not include area of
connecting channels
Source:
Lake St. Clair: Its Current State and Future
Prospects, Lake St. Clair Network, United States
Geological Survey
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3.5 Lake Huron

Assessment: The state of the Lake Huron ecosystem is mixed
and improving.

While contaminant levels are low compared to the other Great
Lakes and much of the main basin, Saginaw Bay, Georgian Bay
and the North Channel still support extensive high quality
coastal habitat, there are still issues regarding fish consumption
restrictions, ecosystem change and the effects of non—native
species as well as loss of fish and wildlife habitat. Shoreline
development pressures, bacteria and nutrient problems, botulism
outbreaks and concerns over water levels persist. Two AOCs
have been delisted, one area has been recognized as an area in
recovery and remediation efforts continue in the Saginaw Bay
AOC. Fish and wildlife contaminant levels have substantially
improved since the 1970s and populations of most fish—eating
birds have recovered. While markedly different from historical
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fish communities, fish management efforts have resulted in a
much improved fish community compared to 30 to 40 years ago.

Summary of the Status of the Lake Huron Ecosystem

The diverse shoreline of Lake Huron is the longest of the Great
Lakes, its length extended by the shores of its over 30,000
islands. Rocky shores associated with the Precambrian Shield
cover the northern and eastern shores, limestone dominates the
shores of Manitoulin Island and the northern shore of the Bruce
Peninsula, and glacial deposits of sand, gravel and till predomi-
nate in the western, southern and southeastern portions of the
shore. Shoreline and inshore habitats are correspondingly
diverse.

The Lake Huron basin is heavily forested in the northern portion
and then becomes increasingly agricultural in the south with its
urbanized areas in Saginaw Bay and along the southernmost por-
tion of the lake. Much of southern part of the Huron basin is
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devoted to intensive cultivated field crops and, beef and dairy
farms, particularly in the “thumb” area of Michigan, along the
Bruce Peninsula, and the southeast shore of the main basin.
Mining of limestone, nickel, uranium, copper, platinum and gold
has been an important activity in the northern portion of the
Lake Huron basin.

The Lake Huron watershed is home to about 2.5 million people.
Both the U.S. and Canadian sides of Lake Huron have relatively
low human population densities. As a result, Lake Huron retains
much of its historic fish and wildlife habitat. Saginaw Bay,
Georgian Bay, and the North Channel still support some of the
most extensive, high quality coastal habitat in the Great Lakes.

Lake Huron is the third largest freshwater lake in the world in
terms of area, and the sixth largest in volume and boasts the
largest island (Manitoulin) of any freshwater lake on Earth. The
retention time for water in Lake Huron is 22 years, and the aver-
age depth is 59 metres (195 feet). This long retention time and
large surface area have resulted in the build up of persistent sub-
stances that bioaccumulate in fish and wildlife.

Four Areas of Concern (AOCs) were identified in the Lake
Huron basin. Within the basin two AOCs, Saginaw Bay,
Michigan, and Spanish Harbour, Ontario remain (Figure 1). The
causes of impairment within the AOCs are being addressed, and
habitat, fish and wildlife populations and environmental quality
are recovering. Canada and Ontario have recognized Spanish
Harbour as an “Area in Recovery” where all remedial actions
have been implemented. The environment will take some time
to respond to the work completed in Spanish Harbour and for the
goals to be achieved. Severn Sound, Ontario was delisted as an
AOC in 2003 and the Collingwood Harbour AOC, also in
Ontario, was delisted in 1994.

From the late 1970s to the early 1990s, concentrations of persist-
ent, bioaccumulative substances such as PCB, DDT, dieldrin,
dioxins and furans declined significantly in Lake Huron lake
trout. However, while concentrations of DDT continued to
decline up until 1995, PCB concentrations have not declined sig-
nificantly since the mid 1980s. As with other trends, concentra-
tions decreased significantly in the late 1970s but have remained
relatively stable since (Figure 2).

In the early 1970s, fish—eating birds (eagles, gulls, cormorants,
etc.) on Lake Huron suffered widespread contaminant—induced
reproductive failure, declining populations and eggshell thin-
ning. With reductions in loadings of persistent toxic contami-
nants, such as PCBs, most fish—eating bird populations have
recovered; numbers of herring gulls, Caspian terns,
black—crowned night-herons and double—crested cormorants
have increased significantly. However, some contaminant—asso-
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ciated problems, e.g. birth defects and reproductive failure, con-
tinue to occur in a small percentage of the populations in local
areas.

The lake ecosystem has undergone many changes. Among the
most significant change to the fish community has been the inva-
sion of rainbow smelt in the 1920s, and alewife and sea lamprey
in the 1930s. Sea lamprey predation and overfishing led to the
collapse of lake trout by the 1950s (although two remnant stocks
barely survived). With no predators to control alewife and smelt
populations their numbers exploded and nuisance die—offs of
alewife commonly littered beaches during the 1960s. The turn-
around came with sea lamprey control in the 1960s which
allowed the survival of stocked Pacific salmon, lake trout and
other predators. Restocking controlled both smelt and alewife
populations, prevented nuisance alewife die—offs and resulted in
exceptionally good fishing.

4.0
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Figure 2. Lake Huron PCB concentrations in whole lake trout.
Source: DeVault et al.1996. U.S. Environmental Protection
Agency, unpublished data.

The original Lake Huron ecosystem had lake trout as the main
predator together with burbot in the deeper waters, and walleye
the main nearshore area predator. The historic prey base was
dominated by lake herring (or cisco) and a number of other
species of deepwater ciscos, with sculpins, lake whitefish, and
round whitefish contributing to a lesser extent. The historic
Lake Huron offshore ecosystem had fewer predators and many
more prey fish species (Figure 3). The current ecosystem has
many more predators and both predators and prey are dominated
by introduced species. Many of the original deepwater cisco
species in Lake Huron are extirpated.

Today chinook salmon is the dominant consumer in the lake,
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Figure 3. The historic Lake Huron offshore ecosystem. This

system had fewer predators and many more prey fish species.
Source: Minnesota Department of Natural Resources, New
York Department of Environmental Conservation, Ontario

feeding mainly on non—native forage (alewife are their main
prey with smelt being second) and lake trout are still a signifi-
cant consumer due to continued stocking in the lake. The abun-
dance of both alewife and smelt can fluctuate significantly
between years which can influence growth rates and survival of

Brown Trout

Walleye \
\ IeW|fe

Rainbow Trout

Smelt

§ / Burbot

Lake Herring (Cisco, artedii) Lake Whitefish
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Bloater Chub (hoyi)

Sculpins

Figure 4. The current Lake Huron offshore ecosystem. The
current system has many more predators and both predators
and prey are dominated by introduced species. Many of the
original deepwater cisco species in Lake Huron are extinct.
Source: Minnesota Department of Natural Resources, New
York Department of Environmental Conservation, Ontario
Ministry of Natural Resources, and Wisconsin Department of
Natural Resources

predators (Figure 4). Six sites of natural reproduction of lake
trout have been documented on Lake Huron and one has been
deemed rehabilitated. Despite this level of success, much work
is needed to rehabilitate lake trout numbers to even a small por-
tion of their former abundance across the lake.

The current lake ecosystem may not be as productive as in the
past since non—native prey species are not as efficient in utilizing
the primary and secondary production of the lake as were his-
toric species, such as the diversity of ciscos that once inhabited
the lake. The introduction of non—native species such as zebra
and quagga mussels and the spiny water flea may also divert
much of the primary and secondary production of the lake to dif-
ferent pathways, making it unavailable to top predators.

Major changes are occurring rapidly on Lake Huron. As of 2004
the fish community is seeing a drastic decline in alewife abun-
dance, resulting in large declines in Chinook salmon growth
rates. At the same time, there is evidence of very large levels of
Chinook salmon natural reproduction, continued Diporeia
declines in the main basin and Georgian Bay, huge 2003 and
2004 year classes of walleye and yellow perch and early indica-
tions of bloater chub and lake herring recovery. These recent
changes do not provide a clear indication of the future state of
the Lake Huron fish community. More information will be
reported for SOLEC 2006.

Pressures on the System

Continuing sources of contaminants are primarily from airborne
deposition, industrial and municipal discharges, land runoff and
sediment contaminated by historic discharges. Contaminants
enter Lake Huron through a variety of pathways including direct
discharges, atmospheric deposition and tributary discharge.
Pesticides such as DDT, toxaphene, mirex, chlordane and
aldrin/dieldrin have been banned from use in the U.S. and
Canada; however, they are still cycling within the environment
through run—off, sediment resuspension and long range atmos-
pheric transport. Lake Huron has relatively few local contami-
nant point sources but has a large surface area which makes it
vulnerable to atmospheric deposition of contaminants. Pollutant
loadings to Lake Huron from water sources are lowest of all the
Great Lakes but air sources are the highest.

Wildlife information has indicated that PCBs, chlordane, dioxins
and DDT are a concern in the Lake Huron basin although, with
the exception of Saginaw Bay (PCBs, dioxin), concentrations are
low compared to the other Great Lakes. Concentrations have
declined significantly since the early 1970s but still remain at
levels associated with deformities and reproductive effects in
several local watersheds in Michigan, especially Saginaw Bay.
Data collected in Ontario’s wildlife species were generally not at
levels of concern although sporadic elevated measurements sup-
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port the need for continued ongoing monitoring.

Lake Huron has been dramatically and forever changed by the
invasion of non—native species, which have decimated native
fish populations and in some cases permanently impacted fish
communities. Invasive species are defined as species that do not
originate in the Lake Huron ecosystem and have been introduced
either intentionally or accidentally. Invasive species threaten the
diversity and abundance of native species and the ecological sta-
bility of infested waters. Their disruption has altered food webs,
nutrient dynamics, reproduction, sustainability and biodiversity.
Invasive species have few natural enemies such as pathogens,
parasites and predators. Without co—evolved parasites and pred-
ators, they out—compete and even displace native populations.
Not only do invasive species compete with native species for
food and habitat, they may also increase the cycling of persistent
bioaccumulative chemicals in the food chain. For example,
research has shown that zebra mussels and round gobies are con-
tributing to the cycling and bioaccumulation of PCBs in the
Great Lakes.

Many fish need to migrate between different habitats throughout
their life histories. In the past, Lake Huron was connected to
diverse array of stream and inland lake habitats. Historically,
tributaries were important sources of cool, high quality water,
and they served as spawning and nursery habitats for many
species. Fish were excluded from many of these areas in the
1800s through the construction of mill dams and later through
the establishment of hydroelectric facilities. Dams now frag-
ment many streams where historical spawning occurred for
adfluvial fish (fish that live in the open waters of the Great
Lakes and use tributaries for spawning). Many important fish-
eries and spawning rapids are no longer accessible.

In recent years, outbreaks of Type E Botulism have left hundreds
of fish and waterbirds dead on Ontario beaches of Lake Huron.
In 1998 and 1999, the outbreak appeared to be concentrated at
the south end of the lake between Goderich and Sarnia. In 2002
and 2003, outbreaks occurred in the Goderich to Port Elgin
areas. The occurrences began in late summer and continued
through the fall season until late November. There were also
observations of decomposing algae collecting in embayments in
the Kincardine area in the late summer. These events on Lake
Huron are being studied along with similar events on Lakes Erie
and Ontario to determine what conditions lead to these Type E
Botulism outbreaks.

The watershed of Lake Huron along its southeast shore (Sauble
Beach to Sarnia) is a draw for thousands of tourists and cottagers
annually as it boasts some of the finest freshwater beaches in the
world. High levels of nutrients and bacteria (E. coli) along the
beaches and in the tributaries have led to numerous postings of
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beaches warning of unsafe conditions for swimming. These
conditions have existed for many years yet have received height-
ened attention due to recent media coverage. Complaints from
residents about algae have been less frequent, and are sporadic
geographically and over time with some years being much worse
than others. The relative contributions of sources of nutrients
and bacteria have not been specifically quantified; however agri-
cultural practices, municipal wastewater, septic systems and
wildlife sources are all contributors.

Future and Emerging Management Issues

In comparison to the other Great Lakes, contaminant concentra-
tions are relatively low in Lake Huron. Nevertheless, fish con-
sumption advisories exist for the open lake and all Areas of
Concern including Saginaw Bay and the Spanish River as well
as the St. Marys River AOC which is upstream of Lake Huron.

The recent invasion of zebra and quagga mussels, round gobies,
the spiny water flea, white perch and ruffe into Lake Huron
heightens the uncertainty for expectations from the ecosystem.
Recently, Diporeia hoyi (scud), a native invertebrate has
declined significantly in abundance, especially in southern Lake
Huron. There is a suspicion that the Diporeia decline may be
related to the invasion of zebra mussels. Diporeia is a key diet
item of lake whitefish and other desirable sport and commercial
fish species.

Though residential land use comprises a small percentage of the
total land use in the Lake Huron basin, much rural development
has occurred along the shoreline. In the past 20 years, there has
been increasing development pressure for cottages and
year—round retirement properties. Undoubtedly, the next 20
years will bring more development pressures as urban popula-
tions grow and the retired population increases.

Recent advances in chemical detection techniques have revealed
the presence of low concentrations of chemical contaminants
that were previously not known to be present. Studies in other
aquatic systems have detected a wide range of chemicals includ-
ing personal care products (soaps and perfumes), human and vet-
erinary drugs (antibiotics), natural and synthetic hormones, plas-
ticizers, insecticides, fire retardants and caffeine. Concentrations
of these chemicals almost never exceed standards set for drink-
ing water, but some substances do not have established standards
because it was not previously known that they were even present
in the water. The primary concern with low—level contaminants
is that they may serve as endocrine disrupters that affect growth,
maturation and reproduction of aquatic organisms. The problem
is so new that many basic questions remain unanswered.

Looking toward the future, 2007 has been tentatively identified
for the comprehensive monitoring and analysis of the health of

40



STATE OF THE GREAT LAKES 2005

Lake Huron. This year appears to work well for existing moni-
toring schedules, although much more work will be necessary to
coordinate monitoring on this geographic scale.
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3.6 Lake Michigan

Assessment: The physical integrity of the Lake Michigan
ecosystem is mixed.

“Lake Michigan is an outstanding natural resource of global sig-
nificance, under stress and in need of special attention” (Lake
Michigan LaMP 2000). Since the original 2000 assessment,
there has been both positive and negative change in the Lake
Michigan basin. Positive work includes sediment clean ups, the
purchasing of large land parcels for preservation purposes, and
the rebounding of terrestrial species. Some negative changes
include continued pressure from invasive species on the aquatic
food web and land development in the near coastal areas.

Background Summary
Lake Michigan is one of the most complex ecosystems of the
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Great Lakes due to its length of 307 miles (494 km). It varies
from north woods forest to southern dune and swale environ-
ments. The largest collection of fresh water sand dunes in the
world is a prominent feature, as are Lake Michigan’s islands
which are grouped into two northern archipelagoes of 19 Grand
Traverse Islands and Beaver Islands. Many of the islands have
suffered a loss of natural habitat due to development and are
moderately degraded. Several of the Beaver Islands are part of
the Michigan Islands National Wildlife Refuge providing 235
acres (95 ha) of habitat for migratory and colonial nesting birds
and federally threatened plants like dwarf iris and Pitcher’s this-
tle. There are three islands totalling 29 acres (12 ha) in the
Green Bay National Wildlife Refuge that offers similar habitats.
Underwater reefs in both the nearshore and offshore are thought
to play an important role in Lake Michigan spawning.

Lake Michigan is the second largest Great Lake by volume and
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contains over 20% of the Great Lakes’ coastal wetlands which
are responsible for the quantity and diversity of aquatic life seen
in the lake. Protection and enhancement of these areas are key
to the future sustainability of the coastal ecosystem.

Lake Michigan is uniquely positioned with a direct connection
to the Mississippi River System through the Chicago Diversion,
and as such, has become a transfer point for many non—native
species which threaten the biological integrity of all the Great
Lakes and the Mississippi River.

Lake Michigan has 33 8—digit hydrologic unit code (HUC) tribu-
tary watersheds, with all but three listed as impaired and 10 estu-
aries designated as Areas of Concern (Figure 1). Many
Michigan and Wisconsin tributaries have been dammed in the
past, but recent dam removals in southeastern Wisconsin have
resulted in improved fish habitat, water quality and diversity of
species including the appearance of the rare greater redhorse in
the Milwaukee River.

Over 10 million people are dependent on Lake Michigan for
high quality drinking water and recreation. Since the passing of
the U.S. Beaches Environmental Assessment and Coastal Health
(BEACH) Act in 2000, the four Lake Michigan states are on
track for implementing these provisions with an average of 50%
more monitoring using enhanced water quality standards. The
results have led to increased advisories and the need for studies
to determine contamination sources and management options.

Groundwater Flow

Groundwater beneath the Great Lakes has a different and
changeable divide than the Great Lakes surface/watershed
divide. In the Great Lakes basin, most shallow flow discharges
to local streams; the Great Lakes watershed divide (i.e. the
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sub—continental divide) also serves as a groundwater divide for
shallow flow. Most deep flow discharges are to regional sinks
with the deep aquifer divide being distant from the surface
watershed divide (Figure 2).

Groundwater divides move in response to pumping. Studies
from the western Lake Michigan groundwater basin report that
the 1950 pre—development divide and the year 2000 divide for
the deep bedrock aquifer, show a pattern of movement. The
western basin groundwater that once flowed east toward Lake
Michigan is now intercepted by pumping and diverted west
under the surface—water divide.

Groundwater, once used, can be discharged to surface water bod-
ies in a different basin. Since the late 1940s, development on
the Mississippi basin side of the sub—continental divide has
reversed deep flow patterns between west of the divide and the
Milwaukee area. The groundwater levels are low enough that
Lake Michigan can migrate into the groundwater, a reversal of
the normal flow (U.S. Geological Survey 1998).

Groundwater’s Role in the Health of the Lake Michigan Ecosystem
The Great Lakes are in a topographically low setting that, under
natural flow conditions, causes them to function as discharge
areas or “sinks” for the groundwater—flow system. Most ground-
water that discharges directly into the lakes is believed to take
place near the shore (Grannemann and Weaver 1999). Of all the
Great Lakes, Lake Michigan has the largest amount of direct
groundwater discharge (2,700 ft3/s or 76 m3/s) because it has
more sand and gravel aquifers near the shore than any of the
other Great Lakes (Grannemann and Weaver, 1999). Although
this is a relatively low inflow compared to the total stream flow
into the lake from land areas (41,200 ft3/s or 1167 m3/s) (Croley
and Hunter 1994), it is nearly equal to the amount of water
diverted from Lake Michigan through the Chicago Ship and
Sanitary Canal (Table 1) (Oberg and Schmidt 1994).

Lake Overlake Precipitation | Surface-Runoff (percent) Indirect groundwater
(percent) discharge (percent)
Superior 56.3 11.0 32.7
Michigan 56.2 9.3 345
Huron 42.2 16.3 415
Erie 53.5 24.3 22.2
Ontario 34.8 22.8 42.4

Table 1. Basin water supply for the Great Lakes.

Source: U.S. Geological Survey, 1998. Water Supply Paper

Figure 2. Average groundwater and surface runoff components
of selected watersheds in the U.S. portion of the Great Lakes
basin.

Source: Holtschlag and Nicholas, 1998

Groundwater Provides Refuge for Aquatic Organisms
Groundwater discharge to streams may help provide important
habitat for aquatic organisms, including fish. In addition,
because groundwater temperatures are nearly constant through-
out the year, stream reaches with relatively large amounts of
groundwater discharge can provide refuge to organisms from
heat in summer and from cold in winter. For example, some
stream reaches in the region remain unfrozen even though air

43




STATE OF THE

temperatures are well below 32 degrees Fahrenheit (0 degrees
Celsius). Other possible benefits to the survival of aquatic
organisms related to groundwater discharge to streams include
increasing concentrations of dissolved oxygen, adding small
amounts of nutrients that are essential to the health of organisms,
providing cold pockets of water in summer, and maintaining
stream flow during dry periods.

Lake Levels

Lake Michigan’s water level was measured at 2 feet (61 cm)
below the long—term average in 2001, having dropped more than
40 inches (102 cm) since 1997 when it was at near record highs.
Levels increased for 2002, but were still below average. The
decrease in precipitation over the last five years resulted in Lake
Michigan being at its lowest point since 1966. Lake levels rose
between the mid—1960s and the late 1990s.

The lower lake level has caused problems for the shipping and
boating industry. Cargo ships were forced to lighten their loads,
and many boat ramps became inaccessible. According to the
U.S. Great Lakes Shipping Association, for every inch (2.5 cm)
of water that Lake Michigan loses, a cargo ship must reduce its
load by 90 to 115 metric tons, leading to losses of between
$22,000 and $28,000 U.S. per trip.
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Figure 3. Lake Michigan-Huron water levels.
Source: Great Lakes Environmental Research Laboratory-
National Oceanic and Atmospheric Administration

Early reports for 2004 indicated that the lake level was at an
average depth due to increased rainfall early in the year. The
lake measured one foot higher (30.5 cm) in the summer of 2004
than 2003 with the mean average of 579 feet or 176 metres.
This fluctuation may be part of a 30—year cycle that deserves
continued monitoring (Figure 3). (U.S. ACE, Detroit District)

Beaches
Lake Michigan contains the world’s largest collection of fresh-
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water sand dunes and associated beaches, particularly along its
eastern shore. Of a total of 3,100 acres (1,255 ha) along the
coast, 1,200 acres (486 ha) are publicly owned and available for
use, while another 1,200 acres (486 ha) are privately owned and
have significant potential for public use. In addition to swim-
ming advisories due to poor water quality, there has been a
resurgence of the macro algae Cladophora along the coast.
Cladophora blooms result in reduced water quality and beach
use. Causes of this problem may be attributed to multiple fac-
tors, such as lower lake levels, increased water temperature,
nearshore nutrients and zebra mussel activity (Great Lakes Water
Institute, University of Wisconsin at Milwaukee).

Aquatic Food Web

The Lake Michigan aquatic food web is threatened due to inva-
sive species competing for food and changing the physical envi-
ronment (Figure 4). Zebra mussels have the ability to filter
water allowing sunlight to penetrate to greater depths, possibly
causing algae blooms. The invertebrate Diporeia is decreasing
rapidly in Lake Michigan thus removing a foundation compo-
nent of the food web (Figure 5). The yellow perch population
remains low and zebra mussels, first introduced in 1989, have
shown a decline in certain areas. Sea Lamprey populations have
increased in abundance and are now higher than in Lakes
Superior or Huron. Lake Trout are stocked and have not recov-
ered to the point of natural reproduction in the lake.

Lake Sturgeon survive in the Great Lakes only in scattered rem-
nants, even though large scale commercial fishing for them
ended a century ago. There were remnant populations known to
spawn in the waters of 8 tributaries with connections to Lake
Michigan. In 2003, enhanced stocking was undertaken with the
hopes that the stocked sturgeon would flourish, but not geneti-
cally impact the small remnant native population. There are cur-
rently 16 agencies and institutions involved with Lake Sturgeon
monitoring and investigations are coordinated by the U.S. Fish
and Wildlife Service Great Lakes Basin Ecosystem Team.

The most dramatic threat to Lake Michigan is from the Asian
carp species which is working its way up the Illinois waterway
system from the Mississippi River. The Asian carp was reported
to have escaped from aquaculture ponds adjacent to the
Mississippi River in the 1980s and the 1990s. An experimental
electrical barrier is currently in place. Improvements to this bar-
rier as well as an additional barrier are planned. This large carp
species weighs up to 90 pounds (41 kg) and is considered a
major threat to the Great Lakes food web.

Other Species

Land-based species are fairing better. The grey wolf is now list-
ed as a recovered species and bald eagles have nested in the area
of the Little Calumet River for the first time in 100 years.
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Kirtland’s warbler, piping plover, Hine’s emerald dragonfly and
the Karner blue butterfly all have recovery plans in place. An
aggressive program to train whooping cranes to migrate and
return to Wisconsin’s wetlands (west of Lake Michigan) for
future nesting is underway.

Figure 4. Lake Michigan foodweb. Diporeia, central in the
diagram, was historically an important food for the fish on
the second line of the figure (species in the red squares).
Diporeia are the prey for the large predator fish like salmon
and lake trout at the top of the chart and foodweb (species in
the purple squares). Non-native species are competing with,
and possibly replacing the Diporeia in the Lake Michigan
ecosystem. The loss of Diporeia threatens the species that
feed upon it and the whole foodweb.

Source: Mason, Krause and Ulanowicz, 2002
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Figure 5. Diporeia density.
Source: Great Lakes Environmental Research Laboratory-
National Oceanic and Atmospheric Administration

Natural Areas

The dune and swale systems of the eastern lakeshore are a domi-
nant feature of Lake Michigan and provide unique habitat that
foster biodiversity. While afforded some protection under law,
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this system faces extreme pressure as it is a sand product for
industry. This area also has development pressures in the coastal
communities.

Wetlands, which naturally help control runoff from urban areas
by storing flood and surface water and slowly release and filter
it, have been destroyed in the Lake Michigan basin states to a
greater degree than elsewhere in the country. An estimated 21.9
million acres (8.9 million ha) of wetlands or 62.9% have been
lost. An estimated 12.9 million acres (5.2 million ha) of wet-
lands remain in the four Lake Michigan states, equivalent to
approximately 12.3% of the wetland area in the lower 48 states.
While this percentage is for the U.S. states not just the Lake
Michigan basin, it is indicative of the pressure on the wetland
systems. Wetland status in the Lake Michigan basin is therefore
mixed (Dahl 1990).

Forest status in the basin is good due to revisions to national for-
est plans (September 2003 U.S. Federal Register Notice) and the
continued practice of sustainability forestry management by the
Menominee Tribal Enterprises. The new forest plans address old
growth management issues. The Menominee Reservation
235,000 acres (95,102 ha) of forest land represent 150 years of
sustainable forest practice in the Wisconsin portion of the Lake
Michigan basin.

Lakeplain system of prairies and savannas found in the southern
part of the basin are two of the most imperiled ecological com-
munities in North America. Alvars, open areas of thin soils over
bedrock found in the northern basin, provide habitat for a num-
ber of rare plants and animals. Both of these systems are facing
fragmentation and destruction due to land use development.

Pressures on the System

The 10 Areas of Concern in the Lake Michigan basin have con-
taminated sediment problems and either combined sewer over-
flows (CSO) and/or storm water problems. All 10 AOCs had
some remedial sediment work completed with much more reme-
diation still required. For most of the sediment sites and CSOs
there are plans in place but implementation is often forecasted
for the year 2020 or beyond. PCBs are the main contaminant in
sediment and fish consumption advisories are in place around
the lake thus keeping the assessment for fish communities in the
Lake Michigan basin as mixed.

The urbanized land area in the United States has quadrupled
since 1954. To compound the problem, populations in coastal
areas, which contain some of the most sensitive ecosystems,
have been increasing even faster than in the rest of the country.
From 1982 to 1996, the population in the Chicago—Northwest
Indiana area grew by 10.9% but consumed 44.2% of the land
(Urban Roadway Congestion: Annual Report 1998). The
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Northeastern Illinois Planning Commission’s portion of the area
is estimated to grow by 21% from 2000 to 2030. This growth
pattern is similar to other growth areas around the lake and will
further tax water infrastructure and resources.

USEPA’s Office of Environmental Information states “the con-
struction of impervious surfaces such as roads and rooftops leads
to the degradation of water quality by increasing runoff volume,
altering regular stream flow and watershed hydrology, reducing
groundwater recharge, and increasing stream sedimentation and
water acidity.” A one acre (0.4 ha) parking lot produces a runoff
volume 16 times as large as that produced by an undeveloped
meadow. Many impervious construction materials have higher
surface temperatures that may cause ambient air temperatures to
rise. When combined with a decrease in natural vegetation,
areas are subject to the “urban heat island” phenomenon, which
may increase utility bills, cause health problems associated with
heat stress, and accelerate the formation of harmful smog.
Clearly the effect of urban development on our communities and
environment is a cross—cutting issue.

Both the urban and agricultural uses of the land impact the lake.
The Lake Michigan Mass Balance Study has modelled the pesti-
cide atrazine in the basin and a draft report and models have
determined the need for over a 50% annual reduction in loadings
from agriculture lands and the air in order to keep this pesticide
at a steady state in the lake. While nutrient levels are increasing
in the nearshore areas due to urban runoff, these levels are not at
concentrations of concern in the open lake.

Management Actions

For a lake the size and complexity of Lake Michigan, it is not
surprising that there are some measures of improving conditions
as well as measures of deteriorating conditions. As some issues
approach resolution, other new issues are developing such as
chemicals of emerging concern and new invasive species. Since
the overall status of the lake involves the interactions of chemi-
cal, physical and biological changes, it is necessary to under-
stand the interactions of how improvements in one of these cate-
gories will affect the other conditions in the lake.

There are many research and reporting needs required for Lake
Michigan which include:

e determining the groundwater status, mapping and groundwater
and surface water interactions;

o identifying sources of Cladophora and E. Coli including the
interactions between physical and biological forces which affect
the health of Lake Michigan beaches;

o tracking invasive species and their impact on the food web and
natural areas;

e identifying protected natural areas, ground areas below fly-
ways, unique features and wetlands and educating the public
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sq.mi 67,900
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Population: USA (2000)° 15,351,202
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Mackinac

# measured at low water datum

including islands
©2000 population census data were calculated based
on the total population of each county, either
completely or partially, located within the watershed.
Sources:
The Great Lakes: An Environmental Atlas and
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Statistics Canada, Environment Accounts and
Statistics Division, Spatial Environmental Information
System and Censuses of Population 2001.
U.S. Census Bureau: State and County QuickFacts.
Data derived from Population Estimates, 2000
Census of Population and Housing, 1990 Census of
Population and Housing
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about these areas and;
e modelling and GIS training for local officials to assist with
land use decision making.
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3.7 Lake Superior

Assessment: The status of the Lake Superior ecosystem is
mixed.

Bald eagles, gray wolf and cormorants have recovered and forest
cover has increased. Fisheries recovery indicators are also good.
Some trends in contaminant loadings are showing declines while
others remain constant. Invasive species continue to be a prob-
lem and remain a threat to the recovering fish population.
Stresses on the system include shoreline development, habitat
loss, land use change and invasive species.

Summary of the State of Lake Superior

Lake Superior is the largest freshwater lake in the world by area
and third largest by volume; it averages 147 metres in depth,
with a maximum depth of 406 metres. The total watershed area
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is 228,000 km? including Lake Nipigon and two major diver-
sions. Water transparency can reach a depth of 23 metres. Lake
Superior has the lowest summer surface temperature (13 degrees
Celsius) and mean annual water temperature (3.6 degrees
Celsius) of the Great Lakes. The watershed contains many glob-
ally rare vegetation types, including arctic alpine communities,
sand dunes, and pine barrens. The three principal industries are
forestry, mining and tourism. The retention time for Lake
Superior is 173 years; what goes into the lake affects it for sev-
eral generations. Lake Superior has eight Areas of Concern
(AOCs) as shown on the map (Figure 1).

CHEMICAL CONTAMINANTS

Over the last 30 years, concentrations of nearly all measured
contaminants in fish and the water column, with the exception of
toxaphene, have declined in Lake Superior. Because of its
remote location, limited industrial activity and large surface to
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Figure 1. Lake Superior drainage basin map.
Source: Environment Canada
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watershed ratio, Lake Superior receives the majority of its load-
ing via atmospheric deposition, especially with regard to PCBs,
mercury and toxaphene.

Figure 2 shows the mercury emission decreases that have
occurred between 1990 and 2000. While significant reductions
have occurred in products and mining, emissions from fuel com-
bustion are virtually unchanged.
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Figure 2. Mercury emissions from various sources within the
Lake Superior basin.
Source: Lake Superior LaMP Chemical Committee, 2003

Water Column

Concentrations of a suite of toxic organic contaminants in water
including the Lake Superior critical and lakewide remediation
pollutants declined more than 50% between 1986 and 1997.
Nevertheless, of the nine critical pollutants, dieldrin, mercury,
PCBs and toxaphene concentrations in Lake Superior continue
to exceed the most stringent water quality standards.

Gull Eggs

Herring Gull eggs have been collected and analyzed annually
from the same two Lake Superior sites, Granite Island and
Agawa Rocks, since 1974 for selected contaminants. Overall
contaminant levels have declined. For the period 1974 to 2002,
64% of Lake Superior contaminant—colony comparisons
declined as fast as or faster than they did earlier in the study,
while 29% declined more slowly in recent years.

Data from 1974 to 2002 illustrates the decline in dieldrin in her-

ring gull eggs at the Agawa rocks monitoring site. For most
compounds, this site, which is in eastern Lake Superior, ranked
low compared to other locations. The Granite Island site in
western Lake Superior, however, ranked 34 overall in the Great
Lakes. For dieldrin and heptachlor epoxide, the two Lake
Superior sites ranked the 4t and 314 most contaminated of 15
sites studied, respectively, on the Great Lakes. For more infor-
mation on contaminants in herring gull eggs, refer to the Great
Lakes indicator report #115, Contaminants in Colonial Nesting
Waterbirds, found later in this report.

Fish Contaminants

DDT data for lake trout collected by the U.S. Environmental
Protection Agency—Great Lakes National Program Office
(GLNPO) and Canada Department of Fisheries and Ocean
(DFO) display a general fluctuation in concentrations from
year—to—year with a recent increase in concentration. It is likely
that this increase is due to a change in the sampling location
rather than to an actual increase in contaminant concentration.

Concentrations of toxaphene have declined dramatically in lake
trout across all Great Lakes except for Lake Superior. Lower
productivity, colder temperatures and large surface area are like-
ly responsible for higher Superior levels. Seventy—80% of
Ontario’s sport fish consumption advisories are due to
toxaphene.

GLNPO lake trout collections show PCBs are fluctuating,
although levels have dropped since 1980. The DFO lake trout
data show very little recent change in mean PCB concentrations.
Lake trout concentrations remain above the GLWQA criteria.

DFO smelt data continue to show a steady decline in mercury
concentrations through 2002. While mercury levels are below
GLWQA criteria, the trend data show continuing improvement
in mercury levels for smelt. At every site monitored, mercury
levels in lamprey were significantly greater than those detected
in their primary prey. These data also demonstrate the signifi-
cantly elevated mercury levels in lamprey from the Lake
Superior system compared to other Great Lakes.

Figure 3 shows the trends for four of the Lake Superior critical
chemicals. Dieldrin and chlordane appear to be leveling off.
DDT appears to be increasing slightly and PCBs are fluctuating,
as noted above. The number and geographic extent of sport fish
consumption advisories in Lake Superior is expected to decrease
as contaminant concentrations decline. However, the ecosystem
requires decades to purify itself, and agencies will likely contin-
ue to issue sport fish advisories for some time.

Atmospheric Deposition
Data from the Great Lakes Integrated Atmospheric Deposition
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Figure 3. Apostle Island lake trout contamination trends,
1978-2000.
Source: Murphy, 2004

Network (IADN) indicate that levels of PCBs and banned
organochlorine pesticides are declining at all master stations.
For Lake Superior, the Duluth/Superior area appears to have
some influence on PAHs and possibly HCB deposition to the
lake. There is no apparent effect of this urban area on PCB dep-
osition.

TADN data also suggest that the Canadian Prairie Provinces and
the southern U.S. are sources of lindane to Lake Superior. PCB
behavior in Lake Superior is unique with little storage in the sed-
iments. Also there is little organic matter in the ecosystem to
affect PCB levels. PCBs deposited into the lake are recycled
into the food web via the plankton and also volatilized back into
the atmosphere. Only 2—5% accumulates in bottom sediments.

Over many years, net volatilization of PCBs has released 26,000
kilograms to the atmosphere. Lake Superior was considered a
PCB source but is now is at equilibrium with the atmosphere.

WILDLIFE AND HABITAT

Shoreline Development and Hardening

Shoreline development is one of the most pressing issues facing
the Lake Superior basin today. The Keweenaw Peninsula on
Michigan’s Upper Peninsula has seen unprecedented housing
growth in the past 20 years, mainly in recreational homes; over
50% of the homes in Keweenaw County are now classified as
second homes. Population growth is greatest in the
Duluth/Superior areas, Grand Marais and the Bayfield Peninsula.
In Ontario, this population trend is greatest along the shorelines
east and west of Thunder Bay and north of Sault Ste. Marie.

Shoreline hardening, which consists of sheet piling, riprap or
other anthropogenic changes, is an increasing problem for Lake
Superior. Although Lake Superior has the lowest percentage of

Pl &

Figure 4. Man-made shorelines in the Lake Superior basin.
Red circles represent riprap, sheet piling and other anthro-
pogenic changes to the shoreline.

Source: U.S. Environmental Protection Agency, 1994 and
Environment Canada, 1993

shoreline hardening, the trend is increasing due to rapid growth
of population in the areas previously mentioned (Figure 4).

Forest

Forest fragmentation and changes in forest composition are two
of the seminal changes to the Lake Superior basin since settle-
ment times. Beginning in the 1880s, U.S. forests were almost
entirely clear—cut. Aspen, birch, fir and poplar have increased
since logging began while spruce and pines have been severely
reduced. Forest cover is anticipated to remain the same or
slightly increase in the future. Forest fragmentation of hard-
woods will continue to increase due to development and includ-
ing road construction. The Great Lakes Forestry Alliance report-
ed in 1995 that timber growth in Michigan, Minnesota, and
Wisconsin exceeded harvest by 90% and timber volume
increased from about 700 million m3 (25 billion ft3) in 1952 to
more than 14 billion m? (50 billion t2) in 1992.

Wetlands

About 15% of the U.S. Lake Superior basin and 6—-25% of the
Canadian basin are wetlands (Figure 5). The greatest threats to
Lake Superior’s wetlands are wetland draining and filling, toxic
contamination, water level regulation and site—specific stresses
such as shoreline development. Other threats include invasive
species and diminished water quality. Although there have been
many wetland restoration success stories, it is not possible to
determine if there has been a net loss or gain of wetlands
because of limitations on, and lack of coordination among, cur-
rent monitoring efforts. Monitoring, use of Best Management
Practices and remedial actions are necessary to completely
address the wetland issue.

Loss of wetland habitat has been small in some counties but
most of the St. Louis River estuary wetlands at Duluth have
been lost since the early 1900s. The wetlands of the Apostle
Islands, Bad River and Kakagon Slough are largely intact.
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There are no comprehensive estimates of coastal wetland losses
for Lake Superior. Wetland loss in Ontario is low (0-25%) for
most of the basin, but locally, wetland losses have been reported
in the Thunder Bay and St. Marys River AOCs due to shoreline
modification and urban encroachment. Wetland area around
Thunder Bay has declined by over 30% since European settle-
ment.

Extensive
B Fringing”
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Canada and/or the U.S. as endangered. In addition, there are
400 species in the basin listed by provincial or state jurisdictions
as endangered, threatened, or of special concern. Of the 400
species, nearly 300 are plants. The preparation of recovery plans
or conservation strategies is underway for 26 species.

Little work has been done to monitor and classify the status of
amphibians and reptiles in comparison to other vertebrates,
although the planning of a basin—wide monitoring program for
herptiles is underway. Thirty—seven species of reptiles and
amphibians have been documented including seven salamanders,
12 frogs, six turtles, two lizards and one snake. As with many
vertebrates, the widespread changes in habitat cover across the
landscape have had a dramatic effect on the community compo-
sition of amphibians and reptiles. However, local population
declines of many amphibians (Table 1) are becoming a concern
worldwide. Many possible reasons exist for these declines;
monitoring programs are being initiated to document trends.

Figure 5. Lake Superior shoreline wetlands. Fringing wetlands
are marsh communities, characteristically found in shallow
water coves protected from wind and waves. They closely
border the shore to form a narrow belt of aquatic vegetation.
Extensive wetlands are larger (up to 1 to 2 km long) and occu-
py shallow coves with stream outlets.

Source: U.S. Environmental Protection Agency, 1994 and
Environment Canada, 1993

Lake Superior shoreline wetlands are a particular concern in
Ontario, given their scarcity and proximity to developed areas.
The potential for further development at Cloud Bay, Sturgeon
Bay and Pine Bay threatens wetlands.

Wildlife

Habitat changes on the landscape, as well as harvest and man-
agement of select species, have created some dramatic changes
in wildlife communities over the past 150 years. Ungulates,
wolves and furbearers were hunted to near extinction but are
now rebounding.

Successful reintroduction of peregrine falcons is also underway
within the basin. Cormorants and herring gulls are recovering
after being decimated by toxic contaminants in the 1970s.

Caribou in Canada and Canada lynx in the U.S. are still scarce
although recovery planning is underway for these and a number
of other species at risk in the basin, i.e. piping plover and wood
turtle.

Eighteen animal species found in the Lake Superior watershed,
including mammals, birds, insects and herptiles, are listed by

Species ResltaatL\izly Increasing | Decreasing Endsat:;red ggsﬁi;ln NOD-I;\rteand
Available|
Wood frog [ ] |
Northern leopard frog [ ) ol
Pickerel frog |
Mink frog on
Green frog ol
Chorus frog | |
Northern spring peeper [ ] |
Eastern gray treefrog on
Cope's gray treefrog |
Blanchard's cricket frog [ ]
American toad on
Saiamander om
Eastern tiger
salamander L
Spotted salamander ]
Four-toed salamander L]
Redback salamander [ ]
Mudpuppy on

| ® Wisconsin @ Minnesota |

Table 1. Status of amphibian species found in the Lake Superior
basin in the states of Minnesota and Wisconsin.
Source: Casper, 1998, Moriarty 1998, and Mossman et al., 1998

Aquatic Communities

The fish community of Lake Superior is generally good and
remains relatively intact compared to the other Great Lakes.
Through rehabilitation, lake trout stocks have increased substan-
tially and may be approaching ancestral states. Although the sis-
cowet shows high levels of toxic contaminants, this has not
interfered with reproduction (Figure 6). There are more natural-
ly reproducing lake trout in Lake Superior than there are in all
the other Great Lakes combined. These trout are reproducing on
their own with very little management needed. There are good
stocks of whitefish and herring.

Natural reproduction supports most salmonid populations. Some
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Figure 6. All forms (stocked and non-stocked) of lake trout
abundance, 1950-1998.
Source: Great Lakes Fishery Commission

near shore fish populations, especially lake sturgeon, walleye
and brook trout, remain below historical levels. Non—native
species continue to be introduced to Lake Superior, although the
fish community appears to contain enough buffering capacity to
withstand and minimize the current levels of non—native species.
Sea lampreys still kill thousands of lake trout each year. Round
gobies and ruffe have colonized some areas and have the ability
to negatively impact the near shore cool-water fish community.

Agquatic Habitat

Nearshore and open water habitat is very good, leading to abun-
dance of trout, and good stocks of whitefish and herring. The
problem is mostly in the tributaries and embayments, especially
in the Areas of Concern. Lake Superior tributaries have borne
the brunt of most of the habitat destruction and loss. These trib-
utaries remain significantly degraded by such stressors as agri-
culture, mining, hydroelectric dams, industrial effluents and
waste, wetland dredging and filling, non—point source pollution,
shoreline development and use practices that lead to increased
runoff and erosion. There is now naturally reproducing stur-
geon, walleye and brook trout. Although the habitat is sufficient
to help them increase in abundance, populations are not near his-
toric levels because of past habitat destruction. All three species
have active rehabilitation programs and resource management
activities.

Invasive Species

Except for sea lamprey, the non—native species in Lake Superior
have been manageable up to this point. Lake Superior, however,
has the highest ratio of non—native species to native species of
all the Great Lakes. Lake Superior represents the dead—end for
shipping for many invasive species as it is at the end of the

Elevation®

feet 600

metres 183
Length

miles 350

kilometres 563
Breadth

miles 160

kilometres 257
Average Depth?

feet 483

metres 147
Maximum Depth?

feet 1,332

metres 406
Volume?®

cu.mi. 2,900

km® 12,100
Water Area

sq.mi. 31,700

km® 82,100
Land Drainage Area

sq.mi. 49,300

km? 127,700
Total Area

sq.mi 81,000

km® 209,800
Shoreline Length®

miles 2,726

kilometres 4,385
Retention Time

years 173
Population: USA (2000)° 663,606
Population: Canada (2001) 178,656
Totals 842,262
Outlet St. Marys

River

* measured at low water datum

including islands
2000 population census data were calculated based
on the total population of each county, either
completely or partially, located within the watershed.
Sources:
The Great Lakes: An Environmental Atlas and
Resource Book
Statistics Canada, Environment Accounts and Statistics
Division, Spatial Environmental Information System and
Censuses of Population 2001.
U.S. Census Bureau: State and County QuickFacts.
Data derived from Population Estimates, 2000 Census
of Population and Housing, 1990 Census of Population
and Housing




STATE

OF THE

lakes. There is nothing to make us think that Lake Superior will
not have its own singular invasive species problem (i.e., such as
zebra mussels in the lower lakes) and, unless we do something
fairly proactive fairly soon, we could have a significant problem
on our hands.

Numerous invasive insect, animal and plant species have been
also introduced to the Lake Superior basin. A few examples of
species likely to have significant impacts include: gypsy moth,
Asian long—horned beetle, rusty crayfish and exotic buckthorns.
One of the most potentially devastating invasive species is the
emerald ash borer. Now located in Lower Michigan and
Ontario, it remains outside the Lake Superior basin for now.
There is no known natural control or treatment at this time, so it
could potentially devastate inland and coastal wetland ecosys-
tems that may contain large areas of ash trees.

Future and Emerging Management Issues

Lake Superior has many existing pressures on its system which
will continue to pose problems now and in the future including:
continued degradation of tributary and embayment aquatic habi-
tat, shoreline and other habitat development, continued introduc-
tion and impacts of non—native species, and continued release
and deposition of critical pollutants.

Positive action is now occurring in the Lake Superior basin. The
U.S. and Canadian governments have recently reaffirmed their
commitment to the Zero Discharge Demonstration Program.

The Lake Superior cooperative monitoring program has been
working to develop priorities for the 2005-2006 Lake Superior
monitoring year. Many habitat inventory, assessment and moni-
toring programs are being implemented. Rehabilitation of criti-
cal aquatic habitats is underway and several wildlife and fish
species have been restored.

Global warming, climate change, increasing water temperature,
large—scale water export, other chemicals of emerging concern
(such as pharmaceuticals and personal health products), and
newly proposed or expanded industrial facilities are other critical
issues that will require attention now and in the future.
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4.0 Indicator and Indicator Category Assessments

This section of the State of the Great Lakes 2005 provides
overviews and assessments of the Great Lakes basin ecosystem
based on reports for 56 of 81 indicators. There are also 4 addi-
tional progress indicator reports included in this section. These
reports were prepared because data were readily available basin-
wide, or for some portion of the basin. Approximately 100 Great
Lakes experts from more than 35 governmental and non-govern-
mental organizations were directly involved as primary authors
for these indicator reports. Countless others contributed to the
preparation, analysis, interpretation and assessment of data for
these indicator reports.

The concept of indicator categories is new for this report with indi-
cators grouped into one or more of nine categories. This has been
done to improve the overall reporting and assessment process for
determining the health of the Great Lakes basin ecosystem and its
components. Within most of the main categories are sub-categories
to further delineate issues or geographic areas.

The categories and sub-categories are:
Contamination
Nutrients
Toxics in Biota
Toxics in Media
Sources and Loadings
Biotic Communities
Fish
Birds
Mammals
Amphibians
Invertebrates
Plants
Non-Native Invasive Species
Aquatic
Terrestrial
Coastal Zones
Nearshore Aquatic
Coastal Wetlands
Terrestrial
Agquatic Habitats
Open Lakes
Groundwater
Human Health
Land Use-Land Cover
General
Forest Lands
Agricultural Lands
Urban/Suburban Lands
Protected Areas
Resource Utilization
Climate Change
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Some of these categories are under-development and will require
additional indicators and subcategories to become complete. For
example, the Aquatic Habitats category should be expanded to
include indicators of riverine/tributary habitats as well as inland
lakes. For more detailed information, including additional pro-
posed subcategories and a listing of the indicators within each
category, please see the report, The Great Lakes Indicators
Suite: Changes and Progress 2004, available on-line at:

Www.epa.gov/glnpo/solec.

In most cases the indicator reports, which include assessments of
conditions and trends, were prepared by acknowledged experts
from the Great Lakes community. The same four rankings that
were applied to the assessments of lakes and rivers in the previ-
ous section (Good, Fair, Poor and Mixed) were used to charac-
terize each indicator assessment. The same four ecosystem
trends (Improving, Unchanging, Deteriorating and
Undetermined) were also used. In addition to the assessment,
each indicator report includes the purpose, the ecosystem objec-
tive, the state of the ecosystem, pressures and management
implications.

In some cases, the indicators do not warrant a new report every
two years. For these indicators (14 of them) the reports are
‘brought forward’ from a previous reporting cycle. When an
indicator report has been ‘brought forward’, it is noted with the
year in which it was prepared.

Category and sub-category overviews have also been prepared
by experts from the Great Lakes community who did not author
any of the indicator reports within the group. These overviews
include the same ranking system and trends used in other sec-
tions of this report, and they also include a short justification of
how the expert(s) arrived at that ranking (including pointing out
gaps and inadequacies in the data). Because many of the indica-
tors are associated with more than one category, the indicator
reports are arranged in numeric order according to indicator ID
number in Section 4.2.

Considerable progress has been made since the State of the
Great Lakes 2003 reporting cycle for previously under-devel-
oped indicator categories. The indicators for Coastal Wetlands
have now been defined, refined, and in many cases reported on.
Groundwater indicators have also been refined, and, in one case
a complete basin-wide report has been prepared while for the
others, case studies have been piloted for their ability to be
reported effectively. The indicators for Forest Lands were the
subjects of debate among various forestry stakeholders in the
Great Lakes basin, but a consensus approach was achieved, and
a detailed report for the first of the sub-groupings was submitted
as indicator #8500 Forest Lands-Conservation of Biological
Diversity. Additional details of the process and results of deliber-
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ations of the Forest Lands working group are documented in a
companion report, Developing SOLEC Forest Indicators, avail-
able on-line at www.epa.gov/glnpo/solec.

In this section, the category and subcategory overviews are pre-
sented first (Section 4.1), along with a listing of the indicators
(and their indicator identification numbers) that were included in
each category. Because many of the indicators are relevant to
more than one category, the individual indicator reports are pre-
sented in the numeric order of their identification numbers fol-
lowing the overview discussions. This arrangement of indicators
should facilitate the rapid location of any indicator report by the
reader without needing to explore multiple bundles to find a par-
ticular report.

See list of acronyms (Section 7.0) for explanation of unfamiliar
chemicals, agencies or units.

STATE OF THE GREAT LAKkES 2005
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4.1 Category Assessments
Contamination Assessment

Assessment
Ecosystem Condition: Mixed
Ecosystem Trajectory: Improving

State of the Ecosystem

Analysis of contaminant indicators suggests an overall improve-
ment in the ecosystem from that of thirty years ago. There is a
marked reduction in concentrations of toxic chemicals in most
media, and many indicator species demonstrate improvements
since the beginning of Great Lakes monitoring programs.
Management activities have resulted in the regulation of many
sources of contaminants and the reduction of loadings of these
contaminants into the Great Lakes basin. Although the overall
health of the ecosystem shows signs of improvement, many
ecosystem objectives have yet to be achieved.

Progress toward ecosystem restoration is uneven because various
environmental and historical factors affect the ability for recov-
ery. For example, many indicator species still contain concentra-
tions of persistent bioaccumulative toxic chemicals above estab-
lished guidelines, and concentrations of phosphorus in some
areas within the Great Lakes continue to exceed targets.

Other factors may inhibit further reductions of concentrations
and impacts of contaminants in the ecosystem. To maintain
future reductions in the emissions of contaminants, for example,
the implementation of actions that support sustainability may be
needed to offset the by-products of population growth and urban
sprawl. Exporting sources of pollution to locations outside the
Great Lakes basin may result in local improvements, but such
actions would cause environmental degradation elsewhere.
Global events, such as climate change and long range transport,
will require the cooperation of multiple jurisdictions to affect
change. Also, the presence of some chemicals, such as PBDEs
and PFOS, is raising concern as we grow to understand their
effects on the health of the ecosystem and all of its inhabitants.

Nutrients: Not Assessed

The analysis of the Nutrients subcategory is incomplete because
insufficient information was available for some of the indicators.
Although an assessment was made on Phosphorus
Concentrations and Loadings, this is not adequate for a general
assessment of all the indicators in this category.

Analysis of total phosphorus concentrations in all five lakes sug-
gests an overall improvement in the ecosystem from the 1970s.
There also has been a marked reduction in total phosphorus
loadings to each of the Great Lakes since the 1970s and 1980s.

GREAT LAKES 2005

Most estimates of phosphorus loadings were discontinued in the
early 1990s, however, as objectives appeared to have been
attained for maximum external loadings rates. Management
activities that brought about these reductions focused on limiting
the amount of phosphorus in effluent from municipal waste
water treatment plants, restricting the amount of phosphorus in
laundry detergents, and reducing non-point source agricultural
run off through improved farming practices.

From the time of the introduction of controls on nutrient load-
ings to the present, total phosphorus concentrations have
decreased or held steady in all the Great Lakes except for Lake
Erie, where total phosphorus concentrations increased during the
1990s. Estimates of loadings to Lake Erie through the 1990s
showed that the external loads were apparently not increasing.
Total phosphorus concentration increases in Lake Erie may be
due to changes in the internal processing of phosphorus, howev-
er, which may have been brought on by the introduction of non-
native species, particularly the zebra and quagga mussels. Thus,
the phosphorus concentrations in the open lake ecosystems have
decreased to (Lakes Michigan and Ontario) or remain unchanged
at or below (Lakes Superior and Huron) the target levels. The
ecosystem objectives for phosphorus concentrations in Lake Erie
have not been achieved.

Toxic Chemicals in Biota: Mixed, Improving

Persistent toxic substances that have been associated with, or
have the potential to cause, deleterious environmental impacts
because of their presence in the Great Lakes basin have general-
ly declined in biota over the past thirty years. Levels of PCBs,
DDT and other pesticides have declined dramatically in trout,
salmon, herring gull eggs, and spottail shiners. In many cases,
however, levels still exceed health-based criteria and/or guide-
lines (e.g., fish advisories remain in place on all five Great
Lakes for mercury, PCBs, and various organochlorine pesti-
cides).

With regard to mercury, monitoring data from herring gull com-
munities and fish generally indicate a 50% decline in mercury
levels throughout the Great Lakes since the late 1970s. There
were declines in mercury levels in biota at a number of locations
in the Great Lakes as a result of cessation of wastewater dis-
charges. More recent data show the mercury levels in biota to be
declining slightly or remaining about the same depending on
location and data set. The relationship of atmospheric deposition,
in general, and North American mercury emissions, in particular,
to fish tissue levels of methyl mercury cannot be quantified at
this time.

In terms of gross ecological effects (e.g., egg shell thinning, pop-
ulation declines) most species have recovered. For example, bald
eagles continue to recover and occupy additional territories, but
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evidence of toxics-related developmental deformities persists.
Recent measurements in more subtle physiological and genetic
endpoints, such as male-biased sex ratio in hatchlings, feminiza-
tion in males, and suppressed immune system disorders, indicate
the need to investigate endocrine disrupting chemical effects in
the basin.

Some contaminants, such as PBDE, have been increasing expo-
nentially in some biota (e.g., trout, gull eggs), while other chem-
icals, such as PFOS/PFOA, have been detected in some biota
and in breast milk in North American women. More research
needs to be conducted to understand the health impacts of these
emerging chemicals in the basin.

Toxic chemicals in Media: Mixed, Improving

Overall, there has been significant progress in reducing concen-
trations of most chemicals of concern in the Great Lakes basin.
Management efforts to control emissions of critical pollutants
have resulted in reductions in their concentrations in the Great
Lakes. Regulations in the electricity generating industry have
seen success in reducing sulfur dioxide emissions, and they are
expected to reduce atmospheric loadings of mercury. Ground
level ozone and fine particulate matter remain concerns in the
Great Lakes basin, and acid deposition continues to be a signifi-
cant problem for many inland lakes in the Great Lakes water-
shed.

Concentrations of chlorinated organic contaminants are declining
in offshore water samples, and in certain cases (e.g., dieldrin,
hexachlorobenzene, octachlorostyrene and mirex) have
decreased in the Niagara River by 70%. Although conditions
now are better than they were twenty years ago, progress has not
been uniform, and some areas remain with significant contami-
nation. Legacy sources of toxic chemicals in the sediment persist
in affecting water quality in areas of Lakes Ontario, Erie and
Michigan.

Although management actions have resulted in decreased emis-
sions of most chemicals of concern, there remains a legacy of
degraded sites, long range transport, population growth and
urban sprawl that may affect additional future emission reduc-
tions. Concentrations of some emerging chemicals of concern
are increasing and could pose future stressors to the ecosystem.

Sources and Loadings: Mixed, Improving
There has been a marked reduction in sources and loadings of

contaminants into the Great Lakes ecosystem over the last thirty
years. Collaboration between governments and the private sector
have been largely responsible for source reductions of lead, sul-
fur dioxide and carbon monoxide. Many municipalities on both
sides of the basin have begun to enact restrictions on the use of
pesticides for cosmetic lawn care purposes, thereby regulating a

GREAT LAKES 2005

source of endocrine disruptors. Voluntary pollution prevention
activities, technology-based pollution controls, and chemical
substitution have aided in the reduction of toxic substances into
the Great Lakes.

While management actions have resulted in reductions of emis-
sions, and presumably loadings, of many chemicals of concern,
there exist some continuing problems: additional reductions in
nitrous oxide emissions will be required to further combat air
quality issues and acid deposition; the rate of reduction of the
concentration of PCBs in air, fish and other biota appears to
have slowed or stopped in many cases; PAHs and metals contin-
ue to be emitted in large quantities, especially near large popula-
tion centers; and residual contaminants continue to affect ambi-
ent concentrations in the ecosystem. Factors like population
growth, climate change and long range transport will affect
future management actions in terms of source management and
loadings reductions.
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CONTAMINATION

2005 Assessment

ID # Indicator Name (Status, Trend)
Nutrients
111 Phosphorus Concentrations and Loadings
7061  Nutrient Management Plans Not Assessed
Toxics in Biota
114  Contaminants in Young-of-the-Year Spottail Shiners
115  Contaminants in Colonial Nesting Waterbirds
121 Contaminants in Whole Fish
124  External Anomaly Prevalence Index for Nearshore Fish
Biologic Markers of Human Exposure to
4177 . .
Persistent Chemicals
4201  Contaminants in Sport Fish
4506  Contaminants in Snapping Turtle Eggs
8135 Contaminants Affecting Productivity of Bald Eagles
Population Monitoring and Contaminants Affecting the
8147 .
American Otter
Toxics in Media
117  Atmospheric Deposition of Toxic Chemicals
118 Toxic Chemical Concentrations in Offshore Waters
119 Concentrations of Contaminants in Sediment Cores
4175  Drinking Water Quality
4202  Air Quality
9000 Acid Rain
Sources and Loadings
117  Atmospheric Deposition of Toxic Chemicals
4202  Air Quality
9000 Acid Rain
Status Trend

Good

— < e ?

Fair Poor | Mixed | Improving | Unchanging | Deteriorating | Undetermined
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Biotic Communities Assessment

Assessment

Terrestrial [forests]
Ecosystem Condition: Mixed
Ecosystem Trend: Improving

Aquatic - Open Waters
Ecosystem Condition: Mixed
Ecosystem Trend: Undetermined

State of the Ecosystem

Terrestrial

Forest Cover

The total area of forested lands increased across the Great Lakes
basin in recent decades, a sure and positive sign that water quality
and hydrological patterns of surface runoff in recently-forested
watersheds might also be improving. Total forest cover of at least
60% by area for southern Ontario streams is anticipated to con-
tribute to the restoration of much of the terrestrial, aquatic and
groundwater resources in urban catchments that presently have lit-
tle forest cover. Increases in total area of riparian vegetation will
improve land-water interfaces along lakes and streams, as well as
re-establish associated avian and mammalian species. Forested
corridors will also provide transport routes for wildlife, and they
could be the basis for recreational trail systems for people.

Agquatic

Fish

The indicator for salmon & trout reports a mixed/improving
assessment across the Great Lakes basin. Lake trout stocking in
Lake Huron has re-established a significant biomass, and stocking
effectiveness remains high. Adequate spawning stocks (>age 6),
however, are not yet established because predation by sea lamprey
may be limiting recovery. In Lake Superior in 2003, sea lamprey
consumed as much biomass as was taken by all fishing activities.
As well, thiamine-deficiency in salmonids feeding on alewife
remains problematic. In Lake Ontario, chinook salmon abundance
is stable, possibly because natural reproduction is contributing to
higher survival rates of young fish. The condition of the spawning
chinook has deteriorated, however.

Walleye populations are threatened by losses of habitat for spawn-
ing and early life stages (caused by changes in land-use) and
shifts in energy transfers in the food web (caused by non-native
species). Despite these negative pressures, sport catch-per-unit-of-
effort for walleye in Lake Erie increased in 2003, along with a
concomitant increase in mean age of fish in both angling and
commercial fisheries. In Lake Ontario, younger year-class num-
bers improved slightly, so that age 3 and older fish populations
should remain steady at least for the next several years.
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Preyfish populations are in various stages of deterioration, espe-
cially where most of the biomass has been non-native smelt and
alewife. However, native forage species like bloater and herring
are showing signs of recovery.

Lake trout, the keystone species for Great Lakes oligotrophic
waters, is having variable success of recovery, but the trend is
improving. For example, in Lake Ontario, lake trout reproduction
was more successful in 2003 than in the previous five years; two
new spawning sites were found in Lake Huron; and in the Lake
Erie Eastern Basin, 2003 was the third consecutive year in which
assessment catches increased. However, abundance of some
mature lake trout stocks continues to decline because smaller
prey-fish biomasses may not support larger lake trout populations,
and Dreissena are adversely impacting spawning shoals.

Lake sturgeon has a potential for spectacular recovery after many
years of decline and extirpation in part of its range. Recovery can
result from more restrictions on fishing, from habitat repair, and
from the removal of dams on tributaries. The latter can bring
mixed blessings because more unrestricted streams can also pro-
vide more spawning habitat for sea lamprey.

Botulism E in various fish species may cause mortality. Live fish,
especially round goby, and perhaps other non-native species, may
be the transfer link to waterbirds. Infected fish display loss of
equilibrium and surface breaching, becoming more susceptible to
capture by predating birds.

Non-native species remain a wild card in any recovery program.

Birds

General decreases in the abundances of wetland-dependant birds
suggest that quality and quantity of wetlands continue to deterio-
rate. Some birds are also detrimentally affected by regulated water
levels. Loss of quality wetlands habitats, combined with toxic
chemical levels that may affect physiological functions, indicates
continuing stress for wetland bird communities. Bald eagle popu-
lations continue to expand into new territories, although deformi-
ties related to toxic substances still occur.

Mammals
Otters are still threatened by contaminants in food web.

Amphibians
There has been a general decline in populations of American toad

and some frog species, likely because of continuing losses of suit-
able habitats.

The value of groundwater for certain life-history stages of brook
trout (and, by extension, several species of amphibians) is demon-
strated by spawning surveys on a tributary to the Grand River in
southern Ontario. Uncontrolled pumping of water from wells and
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groundwater-dependant streams threaten survival and reproduc-
tion of many groundwater-dependant species.

Invertebrates

Populations of native unionid mussels have been severely deplet-
ed since the arrival of dreissenids, particularly in Lake Erie and
Lake St Clair where 99% of their former abundance has been lost.
Remaining Great Lakes populations are dispersed and fragmented,
surviving mostly in wetlands refugia.

Hexagenia (mayfly) populations appear to be improving, a wel-
comed sign because this genus is a major food item that transfers
energy from organic material in surficial sediments to fish in
mesotrophic waters (e.g., Lake Erie). However the group is still
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susceptible to releases of untreated sewage, and its relationship
with the Dreissena species is unknown.

The benthic amphipod, Diporeia, is an excellent bio-indicator of
offshore waters >30 m deep, and it is an excellent food source for
salmonids and lake whitefish. Diporeia are currently in a state of
dramatic decline in Lakes Michigan, Ontario and Huron, and they
are completely gone or very rare in Lake Erie. An ecological asso-
ciation with dreissenids is suspected but not yet clearly identified.
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BIOTIC COMMUNITIES

2005 Assessment

ID # Indicator Name (Status, Trend)
Fish
8 Salmon and Trout
9 Walleye
17 Preyfish Populations
93 Lake Trout
125 | Status of Lake Sturgeon in the Great Lakes
4502 | Coastal Wetland Fish Community Health Not Assessed
Birds
115 | Contaminants in Colonial Nesting Waterbirds
4507 | Wetland-Dependent Bird Diversity and Abundance
8135| Contaminants Affecting Productivity of Bald Eagles
Mammals
Population Monitoring and Contaminants Affecting the
8147 .
American Otter
Amphibians
4504 | Coastal Wetland Amphibian Diversity and Abundance
7103 | Groundwater Dependant Plant and Animal Communities Not Assessed
Invertebrates
68 Native Freshwater Mussels Not Assessed

Benthos Diversity and Abundance - Aquatic

104 Oligochaete Communities
116 | Zooplankton Populations
122 Hexagenia
123 | Abundances of the Benthic Amphipod Diporeia spp.
4501 | Coastal Wetland Invertebrate Community Health Not Assessed
Plants
109 | Phytoplankton Populations
4862 | Coastal Wetland Plant Community Health
8500 | Forest Lands - Conservation of Biological Diversity
Status Trend
— = > — ?
Good Fair Poor | Mixed | Improving | Unchanging | Deteriorating | Undetermined
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Non-Native Invasive Species Assessment

Assessment

Aquatic

Ecosystem Condition: Mixed
Ecosystem Trend: Unchanging

Terrestrial
Not Assessed

State of the Ecosystem

The status of invasive species in the Great Lakes is Mixed,
Unchanging for non-native aquatic species, based on an assess-
ment of two indicators. The non-native species indicator is broad
and has not yet been fully developed for terrestrial species.
However, from the information reported and other anecdotal evi-
dence, we can expect the number of non-native invasive species
to increase in both aquatic and terrestrial components of the
Great Lakes basin ecosystem.

Aquatic
The Great Lake Fishery Commission (GLFC) and fishery man-

agement agencies have agreed on target abundances for sea lam-
prey populations in each lake, at which level the mortality rates
of lake trout should be reduced to tolerable levels. Sea lamprey
abundance is currently within the target range for Lake Ontario
and Lake Erie, but populations have been increasing in Lake
Michigan and Lake Superior and have exceeded the target range
since 1998 and 1999, respectively. In Lake Huron, abundances
fluctuate year-to-year, but over the past 20 years, the population
level was within the target range only once, in 2002. The GLFC
has increased stream treatments and lampricide applications in
response to the increasing abundances from 2001 through 2004.
Efforts are being focused on research and development of alter-
native control strategies, and computer models are being used to
best allocate treatment resources. The potential for sea lamprey
to colonize new locations, however, is increased with improved
water quality and removal of dams from tributaries that provide
spawning habitat. Any areas newly infested with sea lamprey
will require some form of control.

GREAT LAKES 2005

The total number of non-native species introduced and estab-
lished in the Great Lakes has increased steadily since the 1830s,
but the number of ship-introduced species has increased expo-
nentially during the same time period. Human activities associat-
ed with shipping are responsible for over half of non-native
species introductions to the Great Lakes. Contrary to expecta-
tions, the rate of introductions increased following initiation of
voluntary ballast management guidelines in 1989 and mandated
in 1993. Recent studies indicate the Great Lakes may vary in
vulnerability to invasion in space and time. Of particular concern
are aquaria, garden ponds, bait fish and live food fish markets.
In the United States, the Lacey Act prohibits interstate transport
of some aquatic nuisance species. However, there are currently
shortcomings in legal safeguards relating to commerce in exotic
live fish.

Researchers are studying the links between vectors and donor
regions, the receptivity of the Great Lakes ecosystem, and the
biology of new invaders in order to make recommendations to
reduce the risk of future invasions. Without measures that effec-
tively eliminate or minimize the role of ship-borne and other
emerging routes of entry, we can expect the number of non-
native species in the Great Lakes to continue to rise, with an
associated loss of native biodiversity and an increase in unpre-
dicted ecological disruptions.

Terrestrial

Invasive non-native species destroy wildlife habitats and crowd
out competitors, thereby threatening biodiversity. The negative
impact of a wide range of non-native species, such as reed
canary grass, garlic mustard, common buckthorn, and purple
loosestrife, has been documented throughout the Great Lakes
basin. However, the extent of invasion by other terrestrial non-
native species is not well known. Some efforts are underway in
the Great Lakes basin to set priorities for prevention and control
of terrestrial invasive species and for public education.
Additional activities are expected to lead to the formulation of a
protocol for tracking invasive, non-native terrestrial species.
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INVASIVE SPECIES

ID # Indicator Name

2005 Assessment
(Status, Trend)

Aquatic

18 Sea Lamprey

-
Trend

X 3 < 2

9002 | Non-Native Species (Aquatic)
Status
—p
Good Fair Poor | Mixed | Improving

Unchanging | Deteriorating | Undetermined

61



STATE OF THE

Coastal Zones Assessment

Assessment
Ecosystem Condition: Mixed
Ecosystem Trend: Deteriorating

State of the Ecosystem

Overall, the Great Lakes Coastal Zone, comprised of nearshore
aquatic, coastal wetland, and nearshore terrestrial habitats, is
considered Mixed, Deteriorating, based on an assessment of
eleven indicators. The nearshore aquatic area is considered
Mixed, Deteriorating because of continued shoreline hardening;
the status of coastal wetlands is Mixed, Deteriorating due to con-
tinued anthropogenic pressures that include habitat loss and
degradation, non-native species, and contamination; and the
nearshore terrestrial zone is considered Mixed, Deteriorating or
Undetermined based on an evaluation of the degraded condition
of sand dunes and beaches, rocky shores and alvars.

Although progress is being made in setting up a long term moni-
toring program for coastal wetlands, and collaborators are work-
ing basin-wide to better understand both nearshore aquatic and
terrestrial ecosystems, much work has yet to be done to get to a
point where indicators are meaningful to assess ecosystem sta-
tus. Clearly, the work of the last couple of years by coastal wet-
lands and islands scientists and managers has led to an apprecia-
tion of the roles of these habitats in maintaining water quality
and ecosystem health.

Nearshore Aquatic: Mixed, Deteriorating

Shoreline hardening is the construction of sheet piling, rip rap,
or other erosion control structures. Shoreline hardening directly
destroys natural features and aquatic habitats and disrupts bio-
logical communities that depend upon the transport of shoreline
sediment by lake currents. The effect is the destruction of habitat
and the disruption of shoreline sediment transport needed to
nourish aquatic habitats. The St. Clair, Detroit and Niagara
Rivers have a higher percentage of their shorelines hardened
than anywhere else in the basin. Of the Lakes themselves, Lake
Erie has the highest percentage of its shoreline hardened, and
Lakes Huron and Superior have the lowest.

Coastal Wetlands: Mixed, Deteriorating

An initial assessment of the area of coastal wetlands, by type,
showed that 216,743 hectares (ha) have been identified within
the Great Lakes and connecting rivers up to Cornwall, Ontario.
Despite significant loss of coastal wetland habitat in some
regions of the Great Lakes, the lakes and connecting rivers still
support a diversity of wetland types. In Lakes Superior, Huron
and Michigan, barrier protected coastal wetlands are a prominent
feature, accounting for over 50,000 ha. In Lake Erie, protected
embayment wetlands account for over one third of the total
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25,127 ha of coastal wetlands. In Lake Ontario, barrier protected
and drowned river mouth coastal wetlands account for 14,164
ha, approximately two thirds of the total coastal wetland area.
The St. Clair River delta, where the St. Clair River outlets into
Lake St. Clair, is the most prominent single wetland feature in
the Great Lakes, accounting for over 13,000 ha. The Upper St.
Lawrence River also supports numerous small embayment and
drowned river mouth wetlands associated with the Thousand
Island region and St. Lawrence River shoreline. These estimates
of coastal wetland extent, particularly for the upper Great Lakes,
are acknowledged to be incomplete.

In a test application of an Index of Biotic Integrity (IBI) for wet-
land invertebrate communities, those from Northern Lakes
Michigan and Huron generally produced the highest scores. In
the drowned river mouth wetlands of eastern Lake Michigan,
invertebrate communities show a linear relationship with latitude
that reflects anthropogenic disturbances. However, investigators
concluded that natural water level changes were likely to alter
wetland invertebrate communities and invalidate IBI metrics.

The composition of fish communities is significantly related to
plant community type within wetlands and, within plant commu-
nity type, is related to amount of anthropogenic disturbance.
There are no data to suggest that fish communities of any single
Great Lake are more impacted than those of any other. However,
of the 61 wetlands sampled in 2002 from all five lakes, those in
Lakes Erie and Ontario tended to have more wetlands containing
cattail communities, whose fish communities tended to have
lower richness and diversity than fish communities found in
other vegetation types. Wetlands found in northern Lakes
Michigan and Huron tended to have relatively high quality
coastal wetland fish communities.

Trends in amphibian occurrence were assessed for eight species
commonly detected on Marsh Monitoring Program routes (469
routes throughout the Great Lakes basin). Statistically significant
declines in occurrence trends were detected for the American
Toad, Chorus Frog, Green Frog, and Northern Leopard Frog.
Further data are required to conclude whether Great Lakes wet-
lands are successfully sustaining amphibian populations.

From 1995 through 2002, 53 species of birds that use marshes
for feeding, nesting or both were recorded by Marsh Monitoring
Program volunteers at 419 routes throughout the Great Lakes
basin. Tree Swallows and Barn Swallows were the most com-
mon species that typically feed in the air above marshes. The
Red-winged Blackbird was the most commonly recorded marsh
nesting species. Species with significant basin-wide declines
were the Least Bittern, Black Tern, Marsh Wren, undifferentiated
American Coot/Common Moorhen (their calls are difficult to
distinguish), Pied-billed Grebe, Red-winged Blackbird, and
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Virginia Rail. Statistically significant basin-wide population
increases were observed for the Willow Flycatcher, Common
Yellowthroat, and Mallard. In the coastal wetlands of Lakes Erie,
Michigan, and Huron, population trends of the American Coot,
Least Bittern, Marsh Wren, Pied-billed Grebe, Sora, Swamp
Sparrow, and Virginia Rail were positively correlated with water
levels, and thus, seemed to track fluctuations in Great Lakes
water levels.

The state of coastal wetland plant communities is quite variable
across the Great Lakes basin, but trends in wetland health based
on plants are not well established. However, there is evidence
that the plant component in some wetlands is deteriorating in
response to extremely low water levels, but this deterioration is
not seen in all wetlands. In general, there is slow deterioration in
many wetlands as shoreline alterations allow the introduction of
non-native species. On the other hand, the turbidity of the south-
ern Great Lakes has been reduced by zebra and quagga mussels,
resulting in improved submergent plant diversity in many wet-
lands.

Although not basin-wide, available data generally indicate a
decline in contaminants in snapping turtle eggs, but in some
locations contaminants continue to exceed guidelines.
Contaminants in snapping turtle eggs change over time and
among sites, with significant differences between contaminated
and reference sites. Rates of abnormal development of snapping
turtle eggs from 1986-1991 were highest at all four Lake Ontario
sites compared to other sites studied. The amount of PCBs in the
eggs varied considerably throughout the lower Great Lakes,
ranging from 0.02 pg/g at Algonquin Park (reference site) to
1.76 pg/g at Hamilton Harbour (Grindstone Creek).

The presence of non-native, invasive species can lead to degra-
dation of coastal wetlands. For example, low water levels have
resulted in the almost explosive expansion of reed canary grass
(Phalaris arundinacea) in many wetlands, especially in Lake St.
Clair and southern Lake Huron. Another disturbing trend is the
expansion of frog bit, a floating plant that forms dense mats
capable of eliminating submergent plants, from the St. Lawrence
River and Lake Ontario westward into Lake Erie. However, nei-
ther round goby nor the ruffe have been found in high densities
in coastal wetlands anywhere in the Great Lakes. It seems likely
that wetlands may be a refuge for native fishes, at least with
respect to the influence of certain invasive fish species.

Many coastal and inland Great Lakes wetlands are at the lowest
elevations in watersheds that support very intensive industrial,

agricultural and residential development, and therefore are under
pressure through polluted inflow received from their watersheds.
Even more subtle impacts such as water level stabilization, sedi-
mentation, contaminant and nutrient inputs, climate change, and
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invasion of non-native species continue to degrade wetlands
across the Great Lakes region.

Nearshore Terrestrial: Mixed, Deteriorating/Undetermined
Great Lakes sand dunes comprise the world’s largest collection
of freshwater dunes. Approximately 131,546 ha of sand dunes
can be found along the coasts of all the Great Lakes. Lake
Michigan has the greatest number and area (111,291 ha), fol-
lowed by Ontario (8,910 ha), Indiana (6,070 ha), New York
(4,850 ha), and Wisconsin (425 ha). No comprehensive map of
Great Lakes sand dunes exists, however. Cobble beaches com-
prise an estimated 1,640 km (1,019 miles) of the Great Lakes
shoreline. This shoreline is decreasing, however, due to shoreline
development. Alvar communities are naturally open habitats
occurring on flat limestone bedrock. More than 90% of the
world’s alvars occur in the Great Lakes, and more than 90% of
the original extent of alvar habitats has been destroyed or sub-
stantially degraded. Less than 20% of the nearshore alvar
acreage is currently fully protected and 60% is at high risk. The
Great Lakes contain the world’s largest freshwater system of
islands, which are globally significant in terms of their biologi-
cal diversity. Nearshore island areas in the Ontario waters of
Lake Huron account for 58% of the fish spawning and nursery
habitat and are thus critically important to the Great Lakes fish-

ery.

There is a continued loss of sand dunes to development, sand
mining, recreational trampling, and non-native invasive species.
Loss of sediment transport due to shoreline hardening is also a
major pressure. Cobble beaches are most frequently threatened
and lost by shoreline development. Homes and increased human
activity are resulting in damage to rare plants and a loss of biodi-
versity. Continuing pressures on alvars include habitat fragmen-
tation and loss, off-road vehicles, and resource extraction.
Proposals to develop islands are increasing. In addition to devel-
opment, island pressures include shoreline modification, non-
native, invasive species, agriculture and forestry practices, and
contamination.

A group of sand dune managers and scientists is organizing to
convene a conference for all persons involved in Great Lakes
sand dune ecosystem ecology, management, research and educa-
tion efforts. The purposes of the conference will be to compile
information about sand dunes and sand dune research and man-
agement and to form the Great Lakes Sand Dune Coalition. Not
much research has been done on cobble beach communities;
therefore, no baseline data has been set. A closer look into the
percentage of cobble beaches that already have homes on them
or are plotted for development would yield a more accurate
trend. Protection of alvars has focused on best quality sites. Ten
securement projects over the last several years have resulted in
the protection of more than 5,000 acres across the Great Lakes
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basin. The Great Lakes Islands Collaborative will soon recom-
mend management strategies on Great Lakes islands to preserve

the unique ecological features that make islands to important. In

addition, based on a proposed threat assessment to be completed
in 2005, the Collaborative will recommend management strate-
gies to reduce the pressures on a set of priority islands areas. A

suite of indicators that can be monitored to assess change,
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threats, and progress towards conservation of Great Lakes
islands biodiversity is being developed by the Collaborative.
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. 2005 Assessment
ID # Indicator Name (Status, Trend)
Nearshore Aquatic
4861 | Effect of Water Levels Fluctuations
8131 | Extent of Hardened Shoreline
Coastal Wetlands
4501 | Coastal Wetland Invertebrate Community Health Not Assessed
4502 | Coastal Wetland Fish Community Health Not Assessed
4504 | Coastal Wetland Amphibian Diversity and Abundance
4506 | Contaminants in Snapping Turtle Eggs
4507 | Wetland-Dependent Bird Diversity and Abundance
4510| Coastal Wetland Area by Type
4861 | Effect of Water Levels Fluctuations
4862 | Coastal Wetland Plant Community Health
Terrestrial
4861 | Effect of Water Levels Fluctuations
Area, Quality, and Protection of Special Lakeshore
8129 o
Communities - Alvars
8129 Area, ng!ity, and Protection of Special Lakeshore
Communities - Cobble Beaches
8131 | Extent of Hardened Shoreline

Good

Status

Trend

—_—) ¢

< 2

Fair Poor | Mixed | Improving | Unchanging

Deteriorating | Undetermined
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Aquatic Habitats Assessment

Assessment
An overall assessment of this category has not been prepared.
Included here is an assessment for the Groundwater sub-catego-

ry.

State of the Ecosystem

Groundwater: Mixed, Deteriorating

Reports for four indicators to assess the state of groundwater
resources in the Great Lakes watershed have been prepared: 1)
Natural and Human-Induced Groundwater Quality, 2)
Groundwater and Land Use and Intensity, 3) Base Flow Due to
Groundwater Discharge, and 4) Groundwater-Dependent Plant
and Animal Communities. Because these four groundwater indi-
cators have only recently been developed, geographic coverage
of entire Great Lakes watershed is currently available only for
the indicator, Base Flow Due to Groundwater Discharge, and
the authors of this report state that more analyses are needed to
verify the conclusions of the report. Three indicator reports con-
sider the Grand River watershed in Ontario as a case study. The
authors of these reports caution that their conclusions may not
apply to the entire Great Lakes watershed. In spite of these limi-
tations, these four indicators, combined with other groundwater
information in the Great Lakes, make a good case for an overall
evaluation of groundwater resources in the Great Lakes to be
Mixed, Deteriorating.

Natural and Human Induced Groundwater Quality. The quality
of groundwater is particularly important when it is the source of
drinking water, but quality is also a critical component for
ecosystem function. Considerable progress has been achieved in
reducing and cleaning up point sources of human-caused
groundwater contamination. Non-point sources of contamination
that effect groundwater quality have not been addressed as effec-
tively. Because groundwater generally moves slowly from the
time it is recharged until it is discharged, there may be a delay in
the awareness of impaired groundwater quality. Similar conclu-
sions about groundwater quality have been reached as a result of
regional water-quality studies in the Lake Erie — Lake St. Clair
watershed and in the western Lake Michigan watershed. The
entire fresh groundwater resource in the Great Lakes region is
underlain by naturally occurring saline groundwater and, there-
fore, simply drilling deeper wells is not a solution for most
groundwater quality problems.

Groundwater and Land: Use and Intensity. Understanding the
impact of water use on groundwater resources in the Great Lakes
watershed will require a better understanding of how much water
is available and how much is needed for maintaining healthy
ecosystems and providing for sustained human uses. The conclu-
sions for the Grand River watershed that more consistent and
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improved monitoring and data collection are needed to accurate-
ly estimate groundwater demand, as well as determine long-term
trends in land use, are also accurate for nearly the entire Great
Lakes watershed. Better analysis of the amount of groundwater
that is consumptively used is an especially important need.

Base Flow Due to Groundwater Discharge. The discharge of
groundwater to streams, wetlands, and lakes generally provides
good quality water that, in turn, promotes habitat for aquatic
plants and animals and that sustains them during periods of low
precipitation. Human activities impact groundwater discharge by
modifying the rates of discharge and the quality of the discharg-
ing water. The effects of urban development and agricultural
practices are beginning to be documented by analysis of stream-
flow information. However, because of the slow movement of
groundwater, the effects of surface activities and groundwater
withdrawal on groundwater resources can sometimes take years
to manifest themselves. Therefore, to better quantify the effects
of human activities on this component of stream flow, we must
continually update the current analyses and search for new ways
to evaluate information about base flow.

Groundwater Dependant Plant and Animal Communities. The
relationship between groundwater discharge to streams and
aquatic habitat has long been noted but rarely quantified. As
human activities increasingly cause changes in both the quantity
and quality of groundwater discharging to streams, a better
understanding of this relationship should be promoted. The indi-
cator report for the Grand River watershed is an excellent exam-
ple of how to promote this relationship. Similar work is being
conducted in the United States as part of a Great Lakes Aquatic
Gap Project. However, these are only the beginning steps in
quantifying the effects of human activities on ecosystem func-
tion as it relates to groundwater discharge to streams.
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AQUATIC HABITATS

Good

. 2005 Assessment
ID # Indicator Name (Status, Trend)
Open Lake
111 | Phosphorus Concentrations and Loadings
118 | Toxic Chemical Concentrations in Offshore Waters
119 | Concentrations of Contaminants in Sediment Cores
8131 | Extent of Hardened Shoreline
Groundwater
7100 Natural Groundwater Quality and Human-Induced Not Assessed
Changes
7101 | Groundwater and Land: Use and Intensity Not Assessed
7102 | Base Flow Due to Groundwater Discharge
7103 | Groundwater Dependant Plant and Animal Communities Not Assessed
Status Trend

— ¢ | <= ?

Fair Poor | Mixed | Improving | Unchanging | Deteriorating | Undetermined
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Human Health Assessment

Assessment
Ecosystem Condition: Mixed
Ecosystem Trend: Generally Improving

State of the Ecosystem

The Great Lakes indicators for human health are generally
improving. Due to the wide range of public health indicator top-
ics, it is difficult to assign a specific ecosystem trajectory that is
applicable to all topics. PCBs in fish continue to decline, biolog-
ical markers of human exposure are better assessed, progress is
being made in reducing air pollution, beaches are better assessed
and more frequently monitored, and drinking water quality con-
tinues to be good.

Assessment of human health through indicators has improved
over the past 20 years. However, a greater understanding of
human health and environmental interaction is needed. For
example, complex issues that warrant more research are associ-
ated with the relationship between environmental exposures and
biological makers in humans, and with beach advisories, post-
ings and closures. Efforts to understand and resolve these issues
should be continued and enhanced.

Contaminants in Sport Fish. Since the 1970’s there have been
declines in many persistent bioaccumulative toxic (PBT) chemi-
cals in the Great Lakes basin. One such chemical, PCBs, is ana-
lyzed in coho salmon to better understand potential human expo-
sure and general, temporal trends. While the data show that con-
centrations of the contaminants are generally decreasing, other
contaminants, such as mercury and PBDE, will need to be better
understood through improved monitoring and risk analysis.
State, Tribe, and Federal fish consumption advisories are impor-
tant for protecting the public, especially sensitive populations,
from exposure to contaminants in fish. Enhanced partnerships
between the parties involved in issuing advisories will improve
both commercial and sport fish consumption advisory programs.

Air Quality. Overall, there has been significant progress in
reducing air pollution in the Great Lakes basin. In general there
has been a reduction of urban/local pollutants over the past
decade, although there are a few remaining problems districts.
Regional pollutants such as ground-level ozone and fine particu-
lates remain a concern in the Great Lakes basin, especially in the
Detroit-Windsor-Ottawa corridor, the Lake Michigan basin, and
the Buffalo-Niagara area. Air quality will be further impacted by
population growth and climate change. Continuing health
research is both broadening the number of identified toxins and
producing evidence that existing standards should be lowered.
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Biological Markers of Human Exposure to Persistent Chemicals.
There are several studies underway in the Great Lakes basin
evaluating the connection between fish consumption and chemi-
cal exposure. Some of these studies go further and evaluate the
potential of harmful health effects from chemical exposure. Two
studies were evaluated as part of this indicator. The first study,
completed by Wisconsin Department of Health and Family
Services, analyzed the level of bioaccumulative toxic chemicals
found in sensitive populations in the Great Lakes basin. Based
on this analysis, it appears that there is a correlation between
hair mercury levels and the number of fish meals consumed over
three months. In the EAGLE Project (Effects on Aboriginals of
the Great Lakes), the effects of contaminants on the health of the
Great Lakes aboriginal population was examined and results of
this study indicated that contaminant levels were found to be
below or within the range of other Canadian health Studies com-
pleted in the Great Lakes basin. The Agency for Toxic
Substances and Disease Registry (ATSDR) established the Great
Lakes Human Health Effects Research Program through legisla-
tive mandate in 1992. This program is tasked with assessing crit-
ical pollutants of concern, identifying vulnerable and sensitive
populations, prioritizing areas of research and funding research
projects within the Great Lakes. Many of their research projects
are highlighted in the indicator report.

Beach Advisories, Postings and Closures. Bacterial count in
nearshore water is one of the most important indicators to deter-
mine if health-related closings, postings and advisories at beach-
es are needed. Recreational waters may become contaminated
with animal and human feces from sources and conditions such
as combined sewer overflows (CSO) and sanitary sewer over-
flows (SSO), malfunctioning septic systems and poor live stock
management practices. States, tribes and provinces are continu-
ing to identify and improve remediation measurers to reduce the
number of closings, postings and advisories at beaches. Trends
in the U.S. and Canada show that as the frequency of monitoring
and reporting increase, more advisories, posting and closures are
observed. Data collectors at some beaches in the basin are using
their monitoring data, meteorological data, other information,
and computer modeling to better forecast beach closures.

Drinking Water Quality. There are several Great Lakes basin
sources for tap water including lakes, rivers, streams, ponds,
reservoirs, springs, and wells. Water traveling over the surface of
the land or through the ground is vulnerable to contamination by
naturally occurring minerals, substances resulting from animals
or anthropogenic activity, and in some instances, radioactive
material. U.S. and Canadian finished water and Canadian raw
water that was evaluated for this report originated from many
water sources, including Lake Erie, Lake Huron, Lake Michigan
(U.S. only), Lake Ontario, Lake Superior, rivers, small
lakes/reservoirs, and groundwater. Ten drinking water parame-
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ters were chosen to provide the best pictures of drinking water
quality in the Great Lakes basin, including several chemical
parameters, microbiological parameters, and other indicators of
potential health hazards.

The quality of finished drinking water in the Great Lakes basin
is good based on the information provided by the Ontario
Ministry of the Environment and data collected as part of the
Canadian Drinking Water Surveillance Program, in addition to
information gathered from 2002 and 2003 U.S. Consumer
Confidence / Water Quality Reports. The information provided
helps to demonstrate that both the U.S. and Canadian Water
Treatment Plants are employing treatment technologies that suc-
cessfully treat water, thus enabling them to provide quality
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drinking water. Few, if any, violations of federally regulated
standards were reported, supporting the claim that drinking
water quality is good. The risk of human exposure to a noted
chemical and/or microbiological contaminants in drinking water
is generally low. Therefore, the potential for humans to develop
health complications as a result of consuming drinking water
containing these contaminants from the Great Lakes basin is also
low.

Acknowledgments
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HUMAN HEALTH

. 2005 Assessment

ID # Indicator Name (Status, Trend)
4175 | Drinking Water Quality

Biologic Markers of Human Exposure to
4177 ; .

Persistent Chemicals
4200 | Beach Advisories, Postings and Closures
4201 | Contaminants in Sport Fish
4202 | Air Quality

Status Trend
— <& e — ?

Good Fair Poor | Mixed | Improving | Unchanging | Deteriorating | Undetermined
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Land Use - Land Cover Assessment

The overall assessment for this category of indicators is not
available at this time.

LAND USE - LAND COVER

. 2005 Assessment
ID # Indicator Name (Status, Trend)
General
7002 | Land Cover/ Land Conversion Not Assessed
7101 | Groundwater and Land: Use and Intensity Not Assessed

Forest Lands

8500 | Forest Lands - Conservation of Biological Diversity _

Agricultural Lands

7028 | Sustainable Agriculture Practices Not Assessed
7061 | Nutrient Management Plans Not Assessed
7062 | Integrated Pest Management Not Assessed

Urban/Suburban Lands
7000 | Urban Density
7006 | Brownfield Redevelopment

Protected Areas

Area, Quality, and Protection of Special Lakeshore
Communities - Alvars

Area, Quality, and Protection of Special Lakeshore
Communities - Cobble Beaches

8129

8129

|

|
-
| e
—> < D s— ?

Good Fair Poor | Mixed | Improving | Unchanging | Deteriorating | Undetermined

Status Trend
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Resource Utilization Assessment

The overall assessment for this category of indicators is not

available at this time.

ID #
3514

7043
7056

7057
7060

RESOURCE UTILIZATION
Indicator Name
Commercial/Industrial Eco-Efficiency Measures

Economic Prosperity

Water Withdrawals
Energy Consumption
Solid Waste Generation
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20
(Status, Trend)

Not Assessed
(2003 report)

05 Assessment

Good

Status

Trend

K

—

?

Fair Poor | Mixed | Improving | Unchanging

Deteriorating

Undetermined
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Climate Change Assessment

The overall assessment for this category of indicators is not

available at this time.

CLIMATE CHANGE

ID #

indicator Name 2005 Assessment
(Status, Trend)

4858

Climate Change: Ice Duration on the Great Lakes

Good

Status

Fair

Poor

Trend

—_— & < ?

Mixed | Improving | Unchanging | Deteriorating | Undetermined
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4.2 Indicator Reports and Assessments

The following indicator reports have been arranged in numerical
order using the indicator I.D. number in order to facilitate the
rapid location of any indicator report by the reader.

Salmon and Trout
Indicator #8

Assessment: Mixed, Improving

Purpose

e To assess trends in populations of introduced salmon and trout
species;

o To infer trends in species diversity in the Great Lakes basin;
and

e To evaluate the resulting impact of introduced salmonines on
native fish populations and the preyfish populations that sup-
ports them.

Ecosystem Objective

In order to manage Great Lakes fisheries, a common fish com-
munity goal was developed by management agencies responsible
for the Great Lakes fishery. The goal is:

“To secure fish communities, based on foundations of stable
self-sustaining stocks, supplemented by judicious plantings
of hatchery-reared fish, and provide from these communities
an optimum contribution of fish, fishing opportunities and
associated benefits to meet needs identified by society for
wholesome food, recreation, cultural heritage, employment
and income, and a healthy aquatic environment” (GLFC
1997).

Fish Community Objectives (FCOs) for each lake address intro-
duced salmonines such as chinook and coho salmon, rainbow
and brown trout (see Table 1 for definitions of fish terms). The
following objectives are used to establish stocking and harvest
targets consistent with FCOs for restoration of native salmonines
such as lake trout, brook trout, and, in Lake Ontario, Atlantic
salmon:

Lake Ontario (1999): Establish a diversity of salmon and
trout with an abundant population of rainbow trout and the
chinook salmon as the top predator supported by a diverse
preyfish community with the alewife as an important
species. Amounts of naturally produced (wild) salmon and
trout, especially rainbow trout, that are consistent with fish-
ery and watershed plans.

Lake Erie and Lake St. Clair (2003): Manage the eastern
basin to provide sustainable harvests of valued fish species,
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including...lake trout, rainbow trout, and other salmonids.

Lake Huron (1995): Establish a diverse salmonine commu-
nity that can sustain an annual harvest of 2.4 million kg with
lake trout the dominant species and stream-spawning
species also having a prominent place.

Lake Michigan (1995): Establish a diverse salmonine com-
munity capable of sustaining an annual harvest of 2.7 to 6.8
million kg (6 to 15 million Ib), of which 20-25% is lake
trout, and establish self-sustaining lake trout populations.

Lake Superior (2003): Manage populations of Pacific
salmon, rainbow trout, and brown trout that are predomi-
nantly self-sustaining but may be supplemented by stocking
that is compatible with restoration and management goals
established for indigenous fish species.

Term Definition

Salmonine |Refers to true salmon and trout species

Salmonid |Refers to any species of fish with an adipose
fin, including trout, salmon, whitefish, grayling,
and cisco

Pelagic Living in open water, especially where the water
is more than 20 m deep

Table 1. Glossary of various terms used in this report.

State of the Ecosystem

First introduced to the Great Lakes in the late 1870s, non-native
salmonines have emerged as a prominent component of the
Great Lakes ecosystem and an important tool for Great Lakes
fisheries management. Fish managers stock non-native
salmonines to suppress abundance of the non-native preyfish,
alewife, thereby reducing alewife predation and competition
with native fish, while seeking to avoid wild oscillations in
salmomine-predator/alewife-prey ratios. In addition, non-native
salmonines are stocked to create recreational fishing opportuni-
ties with substantial economic benefit (Rand and Stewart 1998).

After decimation of the native top predator (lake trout) by the
non-native, predaceous sea lamprey, stocking of non-native
salmonines increased dramatically in the 1960s and 1970s.
Based on stocking data obtained from the Great Lakes Fishery
Commission (GLFC), approximately 848 million non-native
salmonines were stocked in the Great Lakes basin between 1966
and 2001. This estimate excludes the stocking of Atlantic salmon
in Lake Ontario because they are native to this lake. Non-native
salmonines also reproduce in the Great Lakes. For example,
many of the chinook salmon in Lake Huron are wild and not
stocked.

Data are available for the total number of non-native salmonines
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Figure 1. Total number of non-native salmonines stocked in
the Great Lakes, 1966-2001 excluding Atlantic salmon in
Lake Ontario and brook trout in all Great Lakes.

Source: Great Lakes Fishery Commission Fish Stocking
Database (www.glfc.org/fishstocking)

stocked in each of the Great Lakes from 1966-2001 (Figure 1).
Of the five major Great Lakes (excluding Lake St. Clair), Lake
Michigan is the most heavily stocked, with a maximum stocking
level in 1998 greater than 16 million non-native salmonines. In
contrast, Lake Superior has the lowest rates of stocking, with a
maximum greater than 5 million non-native salmonines in 1991.
Lakes Ontario, Huron and Erie all seem to display a similar
overall downward trend in stocking, especially in recent years.
Since the late 1980s, the number of non-native salmonines
stocked in the Great Lakes has been nearly constant or slightly
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Figure 2. Non-Native salmonine stocking by species in the
Great Lakes, 1966-2001 excluding Atlantic salmon in Lake
Ontario and brook trout in all Great Lakes.

Source: Great Lakes Fishery Commission Fish Stocking
Database (www.glfc.org/fishstocking)

declining with the exception of a 1998 peak in Lakes Michigan
and Huron. In Lake Ontario, this trend can be explained by
stocking cuts implemented in 1993 by fisheries managers to
lower prey consumption by salmonine species by 50% over two
years (Schaner et al. 2001). Of non-native salmonines, chinook
salmon are the most heavily stocked, accounting for about 45%
of all non-native salmonine releases (Figure 2). Chinook salmon,
which prey almost exclusively on alewife, are the least expen-
sive of all non-native salmonines to rear, thus making them the
backbone of stocking programs in alewife-infested lakes, such as
Lakes Michigan, Huron and Ontario (Bowlby and Daniels
2002). Like other salmonines, chinook salmon are also stocked
in order to provide an economically important sport fishery.
While chinook salmon have the greatest prey demand of all non-
native salmonines, an estimated 76,000 tonnes of alewife in
Lake Michigan alone are consumed annually by all salmonine
predators (Kocik and Jones 1999).

Pressures

The introduction of non-native salmonines into the Great Lakes
basin, beginning in the late 1870s, has placed pressures on both
the introduced species and the Great Lakes ecosystem. The
effects of introduction on the non-native salmonine species
include changes in rate of survival, growth and development,
dispersion and migration, reproduction, and alteration of life-his-
tory characteristics (Crawford 2001).

The effects of non-native salmonine introductions on the Great
Lakes ecosystem are numerous. Some of the effects on native
species are; 1) the risk of introducing and transferring pathogens
and parasites (e.g. furunculosis, whirling disease, bacterial kid-
ney disease, and infectious pancreatic necrosis), 2) the possibili-
ty of local decimation or extinction of native preyfish popula-
tions through predation, 3) competition between introduced and
native species for food, stream position, and spawning habitat,
and 4) genetic alteration due to the creation of sterile hybrids
(Crawford 2001). The introduction of non-native salmonines to
the Great Lakes basin is a significant departure from lake trout’s
historic dominance as key predator.

With few exceptions (such as kokanee salmon), introduced
salmonines are now reproducing successfully in portions of the
basin, and they are considered naturalized components of the
Great Lakes ecosystem. Therefore, the question is no longer
whether non-native salmonines should be introduced, but rather
how to determine the appropriate abundance of salmonine
species in the lakes.

Within any natural system there are limits to the level of stock-
ing that can be maintained. The limits to stocking are determined
by the balance between lower and higher trophic level popula-
tions (Kocik and Jones 1999). Rand and Stewart (1998) suggest
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that predatory salmonines have the potential to create a situation
where prey (alewife) is limiting and ultimately predator survival
is reduced. For example, during the 1990s, chinook salmon in
Lake Michigan suffered dramatic declines due to high mortality
and high prevalence of Bacterial Kidney Disease (BKD) when
alewife were no longer as abundant in the preyfish community
(Hansen and Holey 2002). Salmonine predators could have been
consuming as much as 53 percent of alewife biomass in Lake
Michigan annually (Brown et al. 1999). While suppressing
alewife populations, managers seek to avoid extreme “boom and
bust” predator and prey populations, a condition not conducive
to biological integrity. Currently managers seek to produce a
predator/prey balance by adhering to stocking ceilings estab-
lished for lakes such as Michigan and Ontario, based on assess-
ment of forage species and naturally produced salmonines.

Because of their importance as a forage base for the salmonine
sport fishery, alewife are no longer viewed as a nuisance by
some managers (Kocik and Jones 1999). However, alewives
prey on the young of a variety of native fishes, including yellow
perch and lake trout, and they compete with native fishes for
zooplankton. In addition, the enzyme thiaminase in alewives
causes Early Mortality Syndrome (EMS) in salmonines that con-
sume alewife, threatening lake trout rehabilitation in the lower
four lakes and Atlantic salmon restoration in Lake Ontario. As
alewife populations increase, massive over-winter die-offs can
occur, particularly in severe winters, fouling local beaches that
are used for recreation and impacting the health of the surround-
ing ecosystem.

Management Implications

In Lakes Michigan, Huron and Ontario, many salmonine species
are stocked in order to maintain an adequate population to sup-
press non-native prey species (alewife) as well as to support
recreational fisheries. Determining stocking levels that will
avoid oscillations in the forage base of the ecosystem is an ongo-
ing challenge. Alewife populations, in terms of an adequate for-
age base for introduced salmonines, are difficult to estimate as
there is a delay before stocked salmon become significant con-
sumers of alewife; meanwhile, alewife can suffer severe die offs
in particularly severe winters.

Fisheries managers seek to improve their means of predicting
appropriate stocking levels in the Great Lakes basin based on the
alewife population. Long-term data sets and models track the
population of salmonines and species with which they interact.
However, more research is needed to determine the optimal
number of non-native salmonines, to estimate abundance of nat-
urally produced salmonines, to assess the abundance of forage
species, and to better understand the role of non-native
salmonines and non-native prey species in the Great Lakes
ecosystem.
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Chinook salmon will likely continue to be the most abundantly
stocked salmonine species in Lakes Michigan, Huron, and
Ontario because they are inexpensive to rear, feed heavily on
alewife, and are highly valued by recreational fishers. Fisheries
managers should continue to model, assess, and practice adap-
tive management with the ultimate objective being to support
fish community goals and objectives that GLFC lake committees
established for each of the Great Lakes.
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Authors” Commentary

This indicator should be reported frequently as salmonine stock-
ing is a complex and dynamic management intervention in the
Great Lakes ecosystem.
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Walleye
Indicator #9

Assessment: Good, Unchanging

Purpose

e To show status and trends in walleye populations in various
Great Lakes habitats;

e To infer changes in walleye health; and

o To infer ecosystem health, particularly in moderately produc-
tive (mesotrophic) areas of the Great Lakes.

Ecosystem Objective

Protection, enhancement, and restoration of historically impor-
tant, mesotrophic habitats that support natural stocks of walleye
as the top fish predator are necessary for stable, balanced, and
productive elements of the Great Lakes ecosystem.

State of the Ecosystem

Reductions in phosphorus loadings during the 1970s substantial-
ly improved spawning and nursery habitat for many fish species
in the Great Lakes. Improved mesotrophic habitats (i.e., western
Lake Erie, Bay of Quinte, Saginaw Bay and Green Bay) in the
1980s, along with interagency fishery management programs
that increased adult survival, led to a dramatic recovery of
walleyes in many areas of the Great Lakes, especially in Lake
Erie. High water levels also may have played a role in the recov-
ery in some lakes or bays. Trends in annual assessments of fish-
ery harvests generally track walleye recovery in these areas, with
peak harvests occurring in the mid-1980s to early 1990s fol-
lowed by declines from the mid-1990s through 2003 in most
areas (Figure 1). Total yields were highest in Lake Erie (annual
average of about 4,600 metric tons, 1975-2003), intermediate in
Lakes Huron and Ontario (<300 metric tons in all years), and
lowest in Lakes Michigan and Superior (<10 metric tons).
Declines after the mid-1990s were likely related to shifts in envi-
ronmental states (i.e., from mesotrophic to less favorable olig-
otrophic conditions), less frequent production of strong hatches,
and changing fisheries. The effects of non-native species on the
food web or on walleye behaviour (increased water clarity can
limit daytime feeding) also may have been a contributing factor.
In general, walleye yields peaked under ideal environmental
conditions and declined under less favorable (i.e., non-
mesotrophic) conditions. Despite recent declines in walleye
yields, environmental conditions remain improved relative to the
1970s.

Pressures

Natural, self-sustaining walleye populations require adequate
spawning and nursery habitats. In the Great Lakes, these habitats
exist in tributary streams and nearshore reefs, wetlands, and
embayments, and they have been used by native walleye stocks
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for thousands of years. Degradation or loss of these habitats is
the primary concern for the health of walleye populations and
can result from both human causes, as well as from natural envi-
ronmental variability. Increased human use of nearshore and
watershed environments continues to alter the natural hydrologic
regime, affecting water quality (i.e., sediment loads) and rate of
flow. Environmental factors that affect precipitation patterns ulti-
mately alter water levels, water temperature, water clarity and
flow. Thus, global warming and its subsequent effects on tem-
perature and precipitation in the Great Lakes basin may become
increasingly important determinants of walleye health. Non-
native invaders, like zebra and quagga mussels, ruffe, and round
gobies continue to disrupt the efficiency of energy transfer
through the food web, potentially affecting growth and survival
of walleye and other fishes through a reduced supply of food.
Moreover, alterations in the food web can affect environmental
characteristics (like water clarity), which can in turn affect fish
behaviour and fishery yields.

Management Implications

To improve the health of Great Lakes walleye populations, man-
agers must enhance walleye reproduction, growth and survival
rates. Most walleye populations are dependent on natural repro-
duction, which is largely driven by uncontrollable environmental
events (i.e., spring weather patterns). However, a lack of suitable
spawning and nursery habitat is limiting walleye reproduction in
some areas due to human activities and can be remedied through
such actions as dam removal, substrate enhancement or improve-
ments to watersheds to reduce siltation and restore natural flow
conditions. Growth rates are dependent on weather (i.e., water
temperatures), quality of the prey base, and walleye density,
most of which are not directly manageable. Survival rates can be
altered through fisheries management, which is generally conser-
vative across all of the Great Lakes. Continued interactions
between land managers and fisheries managers to protect and
restore natural habitat conditions in mesotrophic areas of the
Great Lakes are essential for the long term health of walleye
populations. Elimination of additional introductions of invasive
species and control of existing non-native species, where possi-
ble, is also critical to future health of walleyes and other native
species.
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Figure 1. Recreational, commercial and tribal harvest of walleye from the Great Lakes. Fish Community Goals and
Objectives are: Lake Michigan, 100-200 metric tons; Lake Huron, 700 metric tons; Lake Erie, sustainable harvest in all
basins.

Source: Ontario Ministry of Natural Resources, Chippewa Ottawa Resource Authority, Wisconsin Department of Natural
Resources, Michigan Department of Natural Resources, New York Department of Environmental Conservation

77



STATE OF THE

Lake Michigan:

Karen Wright, Chippewa Ottawa Resource Authority,
kwright@sault.com

Kevin Kapuscinski, Wisconsin Department of Natural
Resources, kevin.kapuscinski@dnr.state.wi.us

Lake Huron:

Dave Fielder, Michigan Department of Natural Resources,
fielderd@state.mi.us

Lloyd Mohr, Ontario Ministry of Natural Resources,
lloyd.mohr@mnr.gov.on.ca

Lake Erie:

Brian Locke, Ontario Ministry of Natural Resources,
brian.locke@mnr.gov.on.ca

Roger Knight, Ohio Department of Natural Resources,
roger.knight@dnr.state.oh.us

Lake Ontario:

Jim Hoyle, Ontario Ministry of Natural Resources,
jim.hoyle@mnr.gov.on.ca

Steve Lapan, New York Department of Environmental
Conservation, srlapan@gw.dec.state.ny.us

Also consulted were various annual Lake Erie fisheries reports
from Ontario Ministry of Natural Resources and Ohio
Department of Natural Resources, and the Great Lakes Fishery
Commission commercial fishery database.

Fishery data should not be used for purposes outside of this
document without first contacting the agencies that collected
them.

Authors” Commentary

Fishery yields are appropriate indicators of walleye health but
only in a general sense. Yield assessments are lacking for some
fisheries (recreational, commercial or tribal) or in some years for
all of the areas. Moreover, measurement units are not standard-
ized among fishery types (i.e., commercial fisheries are meas-
ured in pounds while recreational fisheries are typically meas-
ured in numbers), which means additional conversions are nec-
essary and may introduce errors. Therefore, trends in yields
across time (blocks of years) are probably better indicators than
absolute values within any year, assuming that any introduced
bias is relatively constant over time. Given the above, I recom-
mend a 10-year reporting cycle on this indicator and encourage
all agencies to compile walleye harvest data from their major
fisheries. In light of serious fiscal constraints now being imposed
on virtually all agencies, this recommendation will be difficult to
achieve. Alternatively, many agencies have developed, or are
developing, population estimates for many Great Lakes fishes.
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Walleye population estimates for selected areas (i.e., Lake Erie,
Saginaw Bay, Green Bay and Bay of Quinte) would probably be
a better assessment of walleye population health in the Great
Lakes than harvest estimates across all lakes and I recommend
swit