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Preface

One of the most significant environmental agreements in the history of the Great Lakes
took place with the signing of the Great Lakes Water Quality Agreement of 1978
(GLWQA), between the United Statesand Canada. This historic agreement committed the
U.S. and Canada (the Parties) to address the water quality issues of the Great Lakesin a
coordinated, joint fashion. The purpose of the GLWQA is to “restore and maintain the
chemical, physical, and biologica integrity of the waters of the Great Lakes Basin
Ecosystem.”

In the revised GLWQA of 1978, asamended by Protocol signed November 18, 1987,
the Parties agreed to develop and implement, in consultation with State and Provincia
Governments, L akewide Management Plans (LaM Ps) for |lakewatersand Remedia Action
Plans (RAPs) for Areas of Concern (AOCs). The LaMPs are intended to identify critical
pollutants that impair beneficial uses and to develop strategies, recommendations and
policy options to restore these beneficia uses. Moreover, the Specific Objectives
Supplement to Annex 1 of the GLWQA requires the devel opment of ecosystem objectives
for thelakesasthe state of knowledge permits. Annex 2 further indicatesthat the RAPsand
LaMPS “shall embody a systematic and comprehensive ecosystem approach to restoring
and protecting beneficial uses...they are to serve as an important step toward virtual
elimination of persistent toxic substances...”

The Great Lakes Water Quality Agreement specifies that the LaMPs are to be
completed in four stages. These stages are: 1) when problem definition has been
completed; 2) when the schedule of load reductions has been determined; 3) when
remedial measures are selected; and 4) when monitoring indicates that the contribution of
the critical pollutants to impairment of beneficial uses has been diminated. These stage
descriptions suggest that the LaMPs are to focus solely on the impact of critical pollutants
tothelakes. However, the group of government agencies designing the LaMPsfelt it was
also an opportunity to address other equally important issuesin thelake basins. Therefore,
the LaMPs go beyond the requirement of a LaMP for critical pollutants, and use an
ecosystem approach, integrating environmental protection and natural resource
management.

The LaMP process has proven to be a resource intensive effort and has taken much
longer than expected. Asaresult, thepublic hashad towait yearsfor adocument to review.
In the interest of advancing the rehabilitation of the Great Lakes, and getting more
information out to the public in a timely manner, the Binational Executive Committee
(BEC) passed a resolution in 1999 to accelerate the LaMP effort (BEC, 1999). By
accelerate, it was meant that there should be an emphasis on taking action and adopting a
streamlined LaMP review and approval process. The LaMPs should treat problem
identification, selection of remedia and regulatory measures, and implementation as a
concurrent, integrated process rather than a sequential one.

The BEC recommended that a LaMP be produced for each lake by April 2000, with
updates every two yearsthereafter. Furthermore, BEC suggested that the LaM Ps be based
on the current body of knowledge and state what remedia actions can be implemented
now. Consistent with the BEC resolution, LaMP 2000 contains appropriate funded and
proposed (non-funded) actions for restoration and protection to bring about actual
improvement in the ecosystem. Actionsinclude commitmentsby the Parties, governments
and regulatory programs, as well as suggested voluntary actions that could be taken by
non-governmental partners. LaMP 2002 will report on the success of those actions, aswell
as identify additional actions needed to achieve established goals and ecosystem
objectives.

The BEC also endorsed application of the concept of adaptive management to the
LaMP process. The LaMPs employ a dynamic process with iterative elements, such as
periodic reporting. Adaptive management alows the process to change and build upon
lessons |earned, successes, new information, and publicinput. The LaMP will adjust over
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time to address the most pertinent issues facing the lake ecosystems.

Some sections of the LaMP 2000 document and the background reports used to
produce them have undergone extensive review by the LaMP agencies and the public.
Others have not. Some sections are incomplete and identify data gaps and next steps for
LaMP 2002. The LaMP 2000 should be viewed as a working document of the dynamic
LaMP process. The LaMP 2000 is presented in a loose-leaf format with general tabbed
sections that can be inserted into athree-ring binder. Thisformat will alow easy updates,
additions of new material and removal of outdated information. The LaMPsfor LakeErie,
Lake Michigan and Lake Superior have common chapters, but differ in format and amount
of detail. Withthe help of the many partners and the public, wewill be ableto take the best
qudities from each and design LaMPs for 2002 that are more concise and user-friendly.
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Section 1: Executive Summary

Introduction

One of the most significant environmental agreements in the history of the Great Lakes
took placewiththesigning of the Great L akesWater Quality Agreement of 1978 (GLWQA),
between the United States and Canada. This historic agreement committed the U.S. and
Canada (the Parties) to address the water quality issues of the Great L akesin acoordinated,
joint fashion. Thepurposeof the GLWQA isto“ restoreand maintainthechemical, physical,
and biologica integrity of the waters of the Great Lakes Basin Ecosystem.” One of the
recommended actions of the GLWQA is the production of Lakewide Management Plans
(LaMPs) for the lake watersto identify critical pollutantsthat impair beneficial usesandto
develop recommendations, strategies, and policy options to restore these beneficia uses.
LaMPs are aso to develop ecosystem objectives for the lakes as the state of knowledge
permits. The LaMPs provide a binational structure for addressing environmental and
natural resource issues, coordinating research, pooling resources, and making joint
commitments to improve the environmental quality of the Great Lakes.

The Lake Erie LaMP process began in 1995 with the publication of the Lake Erie
LaM P Concept Paper (U.S. EPA 1995) which provided aframework for buildingtheLaMP.
In keeping with the direction of the GLWQA, the framework included an emphasis on
public involvement. Throughout the Lake Erie LaMP processand in preparation of LaM P
technical reports and documents, the participation and input of the Lake Erie Binational
Public Forum has been promoted and encouraged.

Dealing with complex assessments, complicated issues and numerous stakeholders
made the LaM P process aresource intensive effort, one that took longer than expected. In
theinterest of advancing the rehabilitation of the Great L akes, and getting information to
thepublicinatimely manner, the Binationa Executive Committee (BEC) passed aresolution
in 1999 to accelerate the effort. Acceleration meant that there should be an emphasis on
taking action and adopting a streamlined approach to the LaMP document review and
approval process. Steering away from thefour-stage processoutlined inthe GLWQA, BEC
recommended aLaM P be prepared every two yearsbased on the current body of knowledge,
and state the remedid actions that could be implemented now. The concept of adaptive
management will be applied to the LaMP so that it can continue to adjust over time to
highlight and address the most pertinent issues in Lake Erie. LaMP 2000 is a working
document of the dynamic LaMP process. Some sections and the background reports used
to produce them have been extensively reviewed while others have not, but it provides a
common baseline against which to measure the progress of Lake Erie beneficial use
protection and restoration.

Lake Erie has undergone considerable environmental change over time, being the
most highly populated basin of the Great Lakes. The shallow nature of the basin makes it
particularly vulnerable to land use changes and loadings. Much of the watershed has been
irreversibly changed, and we cannot expect to return to the natural, pristine system of the
pre-settlement 1700s. However, protecting the natural lands remaining and restoring the
beneficial usesis an achievable goal. For example, the highly polluted conditions of the
1950s to the 1970s were reversed by controlling domestic and industria dischargesto the
lake, particularly as related to phosphorus loading. Populations of commercia and sport
fish species have been improved by controlling catch rates.
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Section 1

Ecosystem Change

The introduction of non-indigenous invasive species, particularly the zebra mussel,
triggered atremendous ecological changeinthelake. The zebramussel has dtered habitat,
the food web dynamic, energy transfer and how nutrients and contaminants are cycled
within the lake ecosystem. It is important to continue monitoring and research to better
understand the lake system so that appropriate management decisions can be made to
protect and restore Lake Erie.

Before ecosystem objectives can be established for Lake Erie, a preferred ecosystem
alternative must first be identified. Ecosystem alternatives are gudlitative descriptive
statements of desired future conditions in the lake. The ecosystem dternatives are the
scenarios that can be achieved through management actions that address contaminant
loading, phosphorus management, changes in land use, control of exploitation from fish
and wildlife harvesting, and the protection and restoration of natura land (undevel oped
natural landscapes or habitat).

Using theresultsof the L ake Erie SystemsMode devel oped by the ecosystem objectives
subcommittee, LaM P 2000 presents four potential ecosystem alternatives. The key driver
inthe exercise that |ed to the identification of these four alternatives was the availability of
natural land. Therefore, the four dternatives are described primarily in relation to that
component. Alternative #1 represents moderate gain in the availability of natural land;
alternative #2 represents a high gain; aternative #3 represents alow gain; and dternative
#4 represents the status quo. Each alternative can be achieved through a variety of
management actions, and socia and economic values associated with those management
actions must be considered aswell. Management actionsthat affect land use practices and
nutrient loading will have the greatest impact on the ecosystem.

A consultation process hasbeen initiated to select apreferred ecosystem aternative. It
involves discussions and input from the Lake Erie Binational Public Forum, theinterested
public, the Work Group and the Management Committee. The preferred aternative is
expected to be selected by the end of 2000. Once the preferred ecosystem dternative is
sdlected, specific ecosystem objectives and indicators can be developed. The current state
of thelake, asidentified by the Lake Erie LaM P problem definition stage, will be compared
to the ecosystem objectives to identify further management and research needs.

Problem Definition

The largest accomplishment of the Lake Erie LaMP to date has been problem definition,
specifically determining the status of beneficial useimpairments. Only three beneficial use
impairments were concluded not to be found in Lake Erie: tainting of fish and wildlife
flavor; regtrictions on drinking water; and added costs to agriculture and industry. LaMP
2000 synthesizestheresults of thebeneficia impairment assessmentsby linking impairment
conclusions, causes and trends. The beneficial use impairments are grouped into three
broad categoriesbased onthe primary areasof publicinterest for thesynthesis. Thecategories
include: human useimpairments, impairments dueto chemical contaminants, and ecological
impairments. Ongoing research, data gaps and potential emerging issues are listed for the
impairments in each category. The causes of impairment to date have been identified as:
PCBs, mercury, PAHS, lead, chlordane, dioxins, DDE, DDT, mirex, dieldrin, phosphorus,
nitrates, E.cali, fecal coliform, non-indigenous invasive species, habitat loss, and sediment
loading.

Mercury and PCBs have been designated critical pollutants for priority action by the
Lake Erie LaMP. A number of chemicals, metds, nutrients, bacteria and suspended solids
havebeenidentified asL ake Erie LaM Ppollutantsof concern. A review of existing databases
containing information on these substanceswas madeto determinetheir utility for calculating
loads or tracking ambient environmental concentrations of pollutants (amounts in fish
tissue, sediment and the water column). Data available for some of the nutrients may be
usable for calculating loads, but for the most part, LaM P 2000 recommends a source track
down approach as opposed to a mass bal ance approach for reducing contaminant loads to



Lake Erie. Oncethe most serioudly contaminated areas and major sources are identified,
the Lake Erie LaMP recommends that resources and remedia actions be focused
immediately on those areas rather than spent on further attempts to estimate total |oads.

The GLWQA requiresthat LaMPs define the threat to human health posed by critical
pollutants, singly or in synergistic or additive combination with another substance. Several
of the beneficia use impairments, such as drinking water impairment, fish consumption
advisories and recreational water quality use, directly address human health. However, it
was decided that the LaMPs had to go beyond the beneficial use impairment assessments
to meet the intended purpose of the languageinthe GLWQA. Therefore, Lake ErieLaMP
2000 describes pathways of exposure, the weight of evidence approach linking
environmenta exposure to health effects, and suggests a preliminary suite of indicatorsto
measure human health impacts.

Action Plans for Implementation

Oneof the primary reasonsfor accel erating the LaM P processwasto support implementation
over more planning and document review. LaM P 2000 describes several programsalready
underway that the Lake Erie LaMP can network with to help restore the lake. These
include RAPs, the Great Lakes Fishery Commission, the Great Lakes Binationa Toxics
Strategy, North American Waterfowl Management Plan, State of the Lakes Ecosystem
Conference (SOLEC) and the Lake Erie at the Millenium initiative. The last of theseisa
binational, coordinated effort to identify the management and research needs of the lake,
link them, and obtain the resources to compl ete the most needed research and monitoring
efforts.

For Lake Erie LaMP 2000, action plans were developed for habitat protection and
restoration, and PCBs and mercury (Lake Erie LaMP critical pollutants) reduction in the
Lake Erie ecosystem. Lake Erie LaMP 2000 proposes a process for developing a
comprehensive habitat protection and restoration plan. Preliminary screening criteriawere
created against which to compare existing and proposed habitat projects to the goals and
objectives of the Lake Erie LaMP. Additionally, eight different types of projects were
determined to be necessary to adequately address habitat restorationinthe Lake Eriebasin.
Thirty-seven existing and 19 proposed habitat projects are presented in this document, and
categorized asto type. These projects represent only a preliminary list and a much more
complete list will be included in future LaM P documents.

The action plan for mercury describes many ongoing activities being implemented by
many of the LaMP agencies to reduce mercury in the environment through education,
proper collection and disposal, pollution prevention and implementation and enforcement
of regulatory standards and programs. Many of the actions are tied directly to the Great
LakesBinational Toxics Strategy. The mercury action plan also mentionsthe development
of aU.S. EPA Totd Maximum Daily Loads Strategy for mercury for LakeErie. TMDLsare
arequirement of the U.S. Clean Water Act and can be used as atool to contribute to the
restoration of beneficial uses of Lake Erie.

For PCBs, the action plan focuses more on cleanup and removal of PCBs from the
ecosystem, particularly in regard to remediation of contaminated sediments. Since the
production of PCBs have been banned and most jurisdictions no longer permit their
discharge, most existing PCBs are due to legacy sources from past production or disposal
practices.

Section 1
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Emerging Issues

In addition to current issues of concern, the Lake Erie LaMP 2000 document presents
significant ongoing and emerging issues. Thefirst of theseisthe problem of non-indigenous
invasive species in the lake. They are playing a strong role in influencing the biological
populationsin the Lake Erie basin, both plant and animal, and both aquatic and terrestrial.
Emerging issues include climate change, endocrine disruptors, and the redlization that
phosphorus management and monitoring must continue whilewework to better understand
the changing phosphorus cycling in the lake.

Public Outreach

In addition to reviewing LaMP technical reports, the Lake Erie Binationa Public Forum
has completed a number of projects and activities that are described in the LaMP 2000
document. Public outreach andinvolvement isamajor component of the LaMPprocess. In
addition to the outreach and input from the Forum, the public involvement subcommittee
of the LaMP has implemented several outreach and public education efforts, primarily
aimed at making LaMP technical information more public friendly. Both the Binational
Public Forum and the Lake Erie LaM P Technical Work Group support websites. They can
be found at www.erieforum.org and www.epa.gov/glnpo/lakeerie/ or www.cciw.calglimr/
lakedlerie/, respectively. All find Lake Erie LaM P background documents, organizational
information, genera information, etc., are available on the Work Group site.

LaMP 2002

The next comprehensive LaM P document will not be published until 2002. However, a
number of background reports, in depth technical documents, public updates, issue papers,
etc. will bedeveloped. Coordinating with the 20 agencies representing two countries, four
states, and a province, as well as with the interested public (including the Lake Erie
Binationa Public Forum), will lead ultimately to aLake Erie LaMP that al of

the partners can commit to implementing.
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Section 2: Overview

2.1. Introduction to Lake Erie

The physical characteristics of Lake Erie have adirect bearing on how the lake ecosystem
reacts to various stressors. By volume it is the smallest of the Great Lakes, and next to
smalestinsurfacearea. Astheshallowest of the Great Lakes, it warmsquickly inthespring
and summer and cools quickly inthefall. During long, cold winters, alarge percentage of
Lake Erieis covered with ice, and occasionally it freezes over completely. Conversely, in
warmer years, there may be noice a all. The shalowness of the basin and the warmer
temperatures make it the most biologically productive of the Great L akes.

LakeErieisnaturaly divided into three basins (Figure 2.1). Thewesternbasinisvery
shallow with an average depth of 7.4 metres (24 ft.) and amaximum depth of only 19 metres
(62 ft.). The central basin is quite uniform in depth, with the average depth being 18.3
metres (60 ft.) and amaximum depth of 25 metres (82 ft.). The eastern basinisthe degpest
of the three with an average depth of 25 metres (82 ft.) and amaximum depth of 64 metres
(210 ft.). The central and eastern basins thermally stratify every year, but stratification in
the shallow western basinisrare and very brief, if it does occur. Stratification impactsthe
internal dynamics of the lake, physically, biologicaly and chemically. These physical
characteristics cause the lake to function as virtually three separate lakes.

Lake Erie'slong narrow orientation parallelsthe direction of the prevailing southwest
winds. Strong southwest windsand strong northeast winds set up extreme seiches, creating
a difference in water depth as high as 4.3 metres (14 ft.) between Toledo and Buffalo
(Hamblin, 1979). The effect ismost spectacular in the western basin where large areas of
the lake bottom are exposed when water is doshed to the northeast, or large areas of
shoreline are flooded as water is doshed to the southwest. Overall current and wave
patterns in Lake Erie are complex, highly changeable and often related to wind direction
(Bolsenga and Herdendorf, 1993).

Eighty percent of Lake Erie'stotd inflow of water comes through the Detroit River.
Eleven percent is from precipitation. The remaining nine percent comes from the other
tributaries flowing directly into the lake from Michigan, Ohio, Pennsylvania, New York
and Ontario (Bolsengaand Herdendorf, 1993). TheNiagaraRiver isthemain outflow from
the lake.

About one-third of the total population of the Great Lakes basin resides within the
Lake Eriewatershed. Thisamountsto 11.6 million people (10 million U.S. and 1.6 million
Canadian), including seventeen metropolitan areas, each with more than 50,000 residents.
The lake provides drinking water for 11 million people.
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Figure2.1  Bathymetry of Lake Erie lllustrating that the Lake is Comprised of Three
Distinct Basins, Primarily Defined by Depth.
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(Map courtesy of the National Geophysics Data Center as prepared by the Great Lakes Environmental Research Laboratory of the U.S. National Oceanic and

Atmospheric Administration and the Canadian Hydrographic Service of the Department of Fisheries and Oceans.)

Of al the Great Lakes, Lake Erie is exposed to the greatest stress from urbanization,
industrialization and agriculture. Reflecting the fact that the Lake Erie basin supports the
largest population, it surpasses all the other Great Lakesin the amount of effluent recelved
from sewagetreatment plants(Dolan, 1993). LakeErieisasothe Great Lakemost subjected
to sediment loading. Intensive agricultural devel opment, particularly in southwest Ontario
and northwest Ohio, contributes huge sediment loadsto thelake. The Detroit River delivers
sediment from the actively eroding shordine of southeastern Lake Huron and Lake St.
Clair. Long stretches of the Lake Erie shoreline experience episodes of active erosion,
particularly during storms and periods of high water. 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. Suspended sediment can be considered a pollutant initself, one
that has profoundly influenced the ecology of the western basin and the river mouths of
mogt of the Lake Erie tributaries. Most of the lake bottom is covered with fine sediment
particles that are easily disturbed when the shallow lakeis stirred up by winds.

Over theyears, as use of the lake and land use around the basin changed, so too did the
issues of concernin Lake Erie. The most important issues and the timeframe during which
they appeared areillustrated in Figure 2.2. It isinteresting to note how some of the issues
recur, albeit due to different reasons. Commercial overfishing, pollution and habitat
destruction began to take atall in the late 1800s, and popular commercia fish populations
plummeted. Many of the drinking water intakesfor the major popul ated areas were moved
far offshore to avoid epidemics of waterborne diseases, such astyphoid, resulting from raw
sewage discharge. Nuisance conditions, floating debris, and odors were increasingly
common.

Lake Erie was the first of the Great Lakes to demonstrate a serious eutrophication
problem. Its shallow nature made it the warmest and most biologically productive of the
Great Lakes, but increased nutrient |oadings beginning in thel950s made it too productive.
Results of thisaccel erated eutrophi cation were unhealthy, unattractive and odiferous. Alga
blooms caused thick green and blue-green slicks on the water surface; turbidity increased
due to more algae and suspended sediment in the water column; and excess Cladophora, a
long, green, filamentous algae, covered the shorelinein simy masses and mounded up on



beacheswhen it died. A result of thisincreased productivity was oxygen depletion in the
bottom waters of the lake as algae died, settled to the bottom and decomposed. The central
basin is particularly susceptible to oxygen depletion because summer stratification forms
aredatively thin hypolimnion that isisolated from oxygen-rich surface waters. Oxygen is
rapidly depleted from thisthin layer asaresult of decomposition of organic matter. When
dissolved oxygen levels reach zero, the waters are considered to be anoxic. In addition to
stressing and/or eliminating biological communities, anoxia changes chemical processes
on the bottom, regenerating pollutants from the sediments, altering them to forms more
readily available for uptake, and recycling these pollutants back into the water column.

Accelerated eutrophication spanned the 1950s to the 1970s, with much of the central
basin becoming anoxic. Phosphoruswas deemed to be the main culprit. A comprehensive
binational phosphorus reduction strategy wasimplemented to reduce phosphorusdischarge
from wastewater trestment plants, limit the use of phosphorus-containing detergentsin the
watershed, and to develop and encourage the use of best management practices to reduce
phosphorus runoff from agricultural operations.

Figure 2.2 Changing Issues in Lake Erie Over Time
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Increased industrialization and the formulation of new chemicalsto aid in pest control led
to concern about contaminants and the accumulation of persistent toxic chemicals in
water, sediment, fish and wildlife. The development of extensive pollution control
regulations, improvements in treatment technologies, adoption of stringent water quality
standards, bans on production and use of certain chemical s, waste minimization and pollution
prevention have greatly reduced the direct discharge of contaminants. However, the
lingering effects of these historic discharges, such as contaminated sediments and fish
consumption advisories, and a greater public awareness of the environment raised further
concerns about contaminants in the late 1970s that has continued to the present.
Effortstorestorelaketrout, the extirpated top-predator in the cold waters of theeastern
basin, were thwarted in the late 1970s and early 1980s by mortality caused by the non-
indigenous invasive sea lamprey. Sea lamprey invaded Lake Erie and the upper Great
L akes after the Welland Canal was expanded in the early 1900s (Eshenroder and Burnham-
Curtis 1999). Their abundance increased during the 1970s to the point that control efforts
were implemented beginning in 1986. With continued control efforts since that time,
survival of lake trout hasimproved enough to allow the establishment of aviable spawning
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population (Cornelius et a. 1995).

The introduction of zebramusselsin the late 1980s triggered atremendous ecol ogical
change in the lake. Zebra mussels have changed the habitat in the lake, altering the food
web dynamic, energy transfer and how nutrients and contaminants are cycled within the
lake ecosystem. Additional non-indigenous invasive species such as the quagga mussdl,
goby, and several large zooplankton species have further complicated the system.

In the 1990s, changing fish populations fueled a whole new debate on phosphorus
loading. Lake Erie had essentially achieved the phosphorus levels established under the
Great Lakes Water Quality Agreement as those needed to eliminate the effects of
eutrophication. However, the models used to determine the maximum allowable annual
phosphorus load did not account for the influence of such a major ecosystem disrupter as
the zebramussel. Eastern basin open water phosphorus concentrations are now even less
than the 10 g/l target value, dramatically reducing the productivity of that basin. Yet,
some of the nearshore areas have phosphorus concentrations high enough to support
extensive Cladophora growth. Attempting to manage the lake system now by simply
increasing or decreasing phosphorusloadsisno longer workable. Until moreisunderstood
about the internal dynamics of phosphorus cycling in the lake, the Lake Erie LaMP has
taken the position to continue to support implementation of phosphorus management
programs to maintain the phosphorus targets established under the GLWQA.

Changes in land use, development, and the construction of various shore structures
have significantly altered the origina habitat available along the Lake Erie shoreline.
Many of the wetlands have been drained, filled or altered so they no longer function
naturally. Shore structures associated with development or built to protect shore property
from high water levels have inhibited the natura flow of beach building materialsaong the
shoreline and, consequently, the natural habitat.

The potentia impact of endocrine disruptors on the aguatic community and human
health is another issue of concern raised in the 1990s. Weight of evidence suggests that
known endocrine disruptor contaminants, such as PCBs, may be impairing Lake Erie
populations, both aquatic and human, but it is difficult to make the cause and effect
connections.

Issuesof concernin LakeEriewill continueto fluctuate over time. Sufficient monitoring,
background information and recent research must be available to make the appropriate
management decisions and to address new issues before they become catastrophic.
Management decisions and actions should take into consideration the potential impact on
theoveral ecosystem. Using the structure provided by the Lake Erie LaMP process, future
remedial and management actions concerning the lake will take into account the expertise,
god sand combined resources of theinterested public, the private sector, researchersand dll
the agencies with some jurisdiction over the lake.

2.2 LaMP Structure and Process

Under the Great L akesWater Quality Agreement (GLWQA) of 1978, asamended by Protocol
in 1987, the United States and Canada (the Parties) agreed “...to restore and maintain the
chemical, physical, and biological integrity of the waters of the Great Lakes Basin
Ecosystem.” To achievethis goal, the Parties agreed to develop and implement Lakewide
Management Plans (LaMP) for each lake, in consultation with State and Provincia
Governments. Annex 2 of the GLWQA states that LaM Ps shall embody a systematic and
comprehensive ecosystem approach. The fourteen beneficia use impairments listed in
Annex 2 of the GLWQA (Table 2.1) arethe main focus of LaM Ps.



Table 2.1 1JC Listing Criteria for Establishing Impairments of Beneficial Uses
(JC, 1989)

Beneficial Use

Impairment

1JC Listing Criteria

Restrictions on Fish and
Wildlife Consumption

When contaminant levels in fish or wildlife populations exceed current standards, objec-
tives or guidelines, or public health advisories are in effect for human consumption of fish
and wildlife.

Tainting of Fish and Wildlife
Flavor

When ambient water quality standards, objectives, or guidelines for the anthropogenic
substance(s) known to cause tainting are being exceeded or survey results have identified
tainting of fish and wildlife flavor.

Degraded Fish and Wildlife
Populations

When fish or wildlife management programs have identified degraded fish or wildlife
populations. In addition, this use will be considered impaired when relevant, field-
validated, fish and wildlife bioassays with appropriate quality assurance/quality controls
confirm significant toxicity from water column or sediment contaminants.

Fish Tumors and Other
Deformities

When the incidence rates of fish tumors or other deformities exceed rates at unimpacted
control sites or when survey data confirm the presence of neoplastic or preneoplastic liver
tumors in bullheads or suckers.

Bird or Animal Deformities
or Reproductive Problems

When wildlife survey data confirm the presence of deformities (e.g. cross-bill syndrome) or
other reproductive problems (e.g. egg-shell thinning) in sentinel wildlife species.

Degradation of Benthos

When the benthic macroinvertebrate community structure significantly diverges from
unimpacted control sites of comparable physical and chemical characteristics. In addition,
this use will be considered impaired when toxicity (as defined byrelevant, field-validated
bioassays with appropriate quality assurance/quality controls) of sediment associated
contaminants at a site is significantly higher than controls.

Restrictions on Dredging
Activities

When contaminants in sediments exceed standards, criteria, or guidelines such that there
are restrictions on dredging or disposal activities.

Eutrophication or
Undesirable Algae

When there are persistent water quality problems (e.g. dissolved oxygen depletion of
bottom waters, nuisance algal blooms or accumulation, decreased water clarity, etc.)
attributed to cultural eutrophication.

Restrictions on Drinking
Water Consumption or Taste
and Odor Problems

When treated drinking water supplies are impacted to the extent that: 1) densities of
disease-causing organisms or concentrations of hazardous or toxic chemicals or radioac-
tive substances exceed human health standards, objectives or guidelines; 2) taste and odor
problems are present; or 3) treatment needed to make raw water suitable for drinking is
beyond the standard treatment used in comparable portions of the Great Lakes which are
not degraded (i.e. settling, coagulation, disinfection).

Recreational Water Quality
Impairment

When waters, which are commonly used for total-body contact or partial-body contact
recreation, exceed standards, objectives, or guidelines for such use.

Degradation of Aesthetics

When any substance in water produces a persistent objectionable deposit, unnatural color
or turbidity, or unnatural odor (e.g. oil slick, surface scum).

Added Costs to Agriculture
or Industry

When there are additional costs required to treat the water prior to use for agricultural
purposes (i.e. including, but not limited to, livestock watering, irrigation and crop-
spraying) or industrial purposes (i.e. intended for commercial or industrial applications and
noncontact food processing).

Degradation of Phyto/
Zooplankton Populations

When phytoplankton or zooplankton community structure significantly diverges from
unimpacted control sites of comparable physical and chemical characteristics. In addition,
this use will be considered impaired when relevant, field-validated, phytoplankton or
zooplankton bioassays (e.g. Ceriodaphnia; algal fractionation bioassays) with appropriate
quality assurance/quality controls confirm toxicity in ambient waters.

Loss of Fish and Wildlife
Habitat

When fish or wildlife management goals have not been met as a result of loss of fish or
wildlife habitat due to a perturbation in the physical, chemical or biological
integrity of the boundary waters, including wetlands.
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The GLWQA callsfor LaMPs specificaly to address persistent bioaccumulative toxic
substances, particularly thosethat are causing or likely to cause beneficia useimpairments.
Ecosystem objectives specific to each lake are to be established to guide LaMP efforts
toward defined endpoints. Based on achieving these ecosystem objectives, the LaMPswill
provide a binational structure for addressing environmental and natural resource issues,
coordinating research, pooling resources and making joint commitments to improve the
environmental quality of the lakes.

In 1993, atemporary binational | mplementation Committee wasformed, consisting of
members of al the state, federal and provincia agencies with jurisdiction over Lake Erie.
The charge to this group was to create a framework upon which to build the Lake Erie
LaMP. Thiscommittee produced the Lake Erie LaM P Concept Paper (U.S. EPA 1995). In
addition to addressing critical pollutants, the Implementation Committee felt the integrity
of the Lake Erie ecosystem would not be fully protected or restored unless other factors
such as habitat loss, nutrient and sediment loading, and non-indigenous invasive species
wereaddressed aswell. Therefore, they recommended the scope of the LaM P be broadened
to include these other environmental stressors. This decision directed the agencies to
embody a stronger overdl ecosystem approach in the devel opment of the LaMP. 1n 1995,
binational committees were established to begin actively working on the development of
the Lake Erie LaMP. A Status Report was completed in 1999 (U.S. EPA and Environment
Canada 1999).

In order to explain clearly the geographic scope of the Lake Erie LaMP, three aspects
need to be defined. Firgt, beneficial use impairments were assessed within the waters of
Lake Erie, including the open waters, nearshore areas, and river mouth/lake effect aress.
Second, the search for the sources or causes of impairments to beneficial uses is being
conducted in the lake itself, the Lake Erie watershed, and even beyond the Great Lakes
basin. Third, management actions needed to restore and protect L ake Erie may need to be
defined and implemented outside of the Lake Erie basin.

Environment Canada and the U.S. Environmental Protection Agency are the federa
co-leads for the Lake Erie LaMP. Other agenciesinvolved in the process include:

Canada
« Agriculture and Agri-food Canada
* Fisheries and Oceans Canada
e FOCALErie (Federation of Conservation Authorities of Lake Eri€)
* Hedth Canada
 Ontario Ministry of Agriculture, Food and Rural Affairs
e Ontario Ministry of the Environment
e Ontario Ministry of Natural Resources

United States
 Agency for Toxic Substances and Disease Registry
¢ Michigan Department of Environmental Quality
« Michigan Department of Natural Resources
» Naturd Resource Conservation Service
* New York State Department of Environmental Conservation
« Ohio Department of Natural Resources
 Ohio Environmental Protection Agency
* Pennsylvania Department of Environmenta Protection
 Seneca Nation of Indians (invited)
e USArmy Corpsof Engineers
» USFishand Wildlife Service
« USGeological Survey

Binational Observers
* |nternationa Joint Commission
* Gresat Lakes Fishery Commission



coordination and communication with the interested public, and to initiate additional
public activities. The Forum has provided substantial input into Section 8 of thisdocument,
which describes their purpose and projects. They have aso contributed to and reviewed
the technical background documents used to prepare this report.

Figure 2.3 Organizational Structure of the Lake Erie LaMP

Governmental Framework Public Framework
Ongoing Interaction
Management Committee mmd Beneficial Use Impairment

I

Public Involvement
Subcommittee

Ecosystem Objectives
Subcommittee

Beneficial Use Impairment
Assessment Subcommittee

Sources and Loads
Subcommittee

Work Group

g Sources & Loadings

mmd Ecosystem Objectives

Binational Public
Forum

o
(72}
=

g Internal Communication
Education & Outreach

Lake Erie Network Sancuse

mailing list
( g fist Pollution Prevention

Human Health

Environmental Justice

General Public of Lake

Erie Basi
rie Basin i

Membership

Roles & Objectives

Although the L ake Erie LaM Pteam has produced anumber of background documents,
none of the staged reports as outlined in Annex 2 of the GLWQA have been completed. In
an effort to accelerate the entire Great Lakes LaMP process, the Binational Executive
Committee (BEC) issued aresolution in July 1999 that recommended a change from the
four stage LaM P process, described in the GLWQA, to production of abiennial document
on LaMP gtatus (Table 2.2). This would allow planning and implementation to occur
simultaneoudly rather than sequentially, and put more emphasis on implementation than
on document production and review. Since al of the LaMPs are at different levels of
development, the new biennial reporting approach will apply somewhat differently to
each of the lakes but, in al cases, restoration and protection activities will be highlighted.
Having comparable documents for all of the lakes will also help to set priorities and
identify the issues that may need to be addressed on a Great Lakes basinwide scale.
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Table 2.2 Binational Executive Committee Consensus Position on the Role of LaMPs
in the Great Lakes Restoration Process

The development and i mplementation of Lakewide Management Plans (LaM Ps)
are an essentia element of the process to restore and maintain the chemical,
physical, and biologica integrity of the Great Lakes ecosystem. Through the
LaMP process, the Parties, with extensive stakeholder involvement, have been
defining the problems, finding solutions, and implementing actions on the Great
Lakesfor almost adecade. The process has taken much longer and has been more
resource-intensive than expected.

Intheinterest of advancing the rehabilitation of the Great L akes, the Binational
Executive Committee callson the Parties, States, Provinces, Tribes, First Nations,
municipal governments, and the involved public to significantly accelerate the
LaMP process. By accelerate, we mean an emphasis on taking action and a
streamlined LaMP review and approval process. Each LaMP should include
appropriate actions for restoration and protection to bring about actual
improvement in the Great L akes ecosystem. Actions should include commitments
by the governments, parties and regulatory programs, as well as suggested and
voluntary actionsthat could be taken by non-governmental partners. BEC endorses
the April 2000 date for the publication of “LaMP 2000,” with updates every two
years.

BEC is committed to ensuring atimely review process and will be vigilant in
its oversight.

The BEC respects and supportstherole of each L ake Management Committee
in determining the actions that can be achieved under each LaMP. BEC expects
each Management Committee to reach consensus on those implementation and
future actions. Where differences cannot be resolved, BEC is committed to
facilitating adecision. BEC recognizesthe Four-Party Agreement for L ake Ontario
and the uniqueness of the agreed upon binational workplan.

The LaMPs should treat problem identification, selection of remedia and
regulatory measures, and implementation asaconcurrent, integrated processrather
than a sequential one. The LaMPs should embody an ecosystem approach,
recognizing the interconnectedness of critica pollutants and the ecosystem. BEC
endorses application of the concept of adaptive management to the LaM P process.
By that, we adapt an iterative process with periodic refining of the LaMPswhich
build upon thelessons, successes, information, and public input generated pursuant
to previous versions. LaMPs will adjust over time to address the most pertinent
issues facing the Lake ecosystems. Each LaMP should be based on the current
body of knowledge and should clearly state what we can do based on current data
and information. The LaMPs should identify gaps that till exist with respect to
research and information and actions to close those gaps.

Adopted by BEC on July 22, 1999.
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Section 3: Ecosystem Objectives

3.1 Introduction

The Lake Erie LaMP has adopted a generalized ecosystem approach, as outlined in the
1987 amendmentsto the Gresat L akes Water Quality Agreement (GLWQA). Thisapproach
recognizes that all components of the ecosystem are interdependent, including the water,
biota, surrounding watershed and atmosphere. Humans are considered an integral part of
the system.

The need to recognize this interdependence is underlined by observations from the
recent ecological history of Lake Erie. The eutrophic conditions of the 1950st01970swere
caused by high phosphorus loading (Burns, 1976; Chapra, 1977) and remediated by
phosphorus reduction programs designed to meet target concentrations. During the 1960s
and 1970s, the fish community of Lake Erie was extremely degraded (Hartman, 1972).
Under conditions of reduced phosphorus|oading and international cooperation in fisheries
management, therewasarecovery inthewalleyefishery (Hatch et al.,1987; Knight, 1997).
Subsequently, Makarewicz and Bertram (1991) showed that the structure of the food web
wasreflecting theinfluence of both bottom-up (nutrient reduction) and top-down (predation)
structuring (McQueen et al., 1986; Munawar et al., 1999).

The Great Lakes Water Quality Agreement calls for the development of ecosystem
objectivesandindicatorsfor all of the Great Lakes. For LakeErie, thelevel of changeinthe
ecosystem has been extensive, and in many cases appears irreversible (Burns 1985). We
cannot return to the pre-settlement conditions of the pre-1700s, but we can work toward
achieving a healthier, more diverse and less contaminated ecosystem. Therefore, the Lake
Erie LaMP will first identify ecosystem alternatives for Lake Erie before developing
ecosystem objectives.  Ecosystem alternatives are qualitative descriptive statements of
desired future conditionsfor the Lake Erie basin, including nearshore and offshore waters,
tributaries, floraand fauna. Ecosystem aternatives must reflect society’s environmental,
socia and economic values and are therefore being devel oped with input from the public.

Theapproach for Lake Erieisto examinethe effectson the state of the system that may
be achieved through management actions, or levers, that address: 1) reduction of
contaminants loading; 2) phosphorus management; 3) changes in land use; 4) control of
exploitation by sport and commercial fisheries, hunting and trapping; and 5) creation and
restoration of natural landscapes. These are the five major management leverswith which
we can dter the condition of the ecosystem.

Once the preferred ecosystem alternative is selected, ecosystem objectives must be
developed taking into account the competitive uses within the Lake Erie ecosystem, such
as industry, urban growth, agricultural or recreational uses. Finaly, indicators must be
developed. Ecosystem indicators have been identified (SOLEC, 1998) as measurable
featuresthat provide managerially and scientifically useful evidence of environmental and
ecosystem quality, or reliable evidence of trendsin quality. Itisdesirabletolink closely to
the SOLEC indicator exercise where possible. However, the definition of indicators must
be broadened for the Lake Erie LaMP ecosystem objectives effort to: Indicators are
measur able featureswhich identify the current state of the ecosystemrel ative to the desired
state of the ecosystem.
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3.2 Ecosystem Alternative Development Process

The Lake Erie LaMP Ecosystem Objectives Subcommittee (EOSC) was charged with the
task of devel oping ecosystem objectivesfor Lake Erie. The EOSC isabinational group of
about 15 individuals with expertise in limnology, water quality, and fisheries and wildlife
management. Three members of the Lake Erie Binational Public Forum have worked
closaly with the committee throughout the exercise. Again, thefirst step in the processwas
to identify ecosystem alternatives. The committee began the exercise by holding four
public workshops around the basin to gain ideas on the desired state of the Lake Erie
ecosystem. This was followed by an expert workshop where published information and
expert opinion was solicited concerning key relationships in the ecosystem.

A conceptua model of three ecosystem aternativeswasdevel oped for initial discussion.
Severa other attempts at developing amodel that could be used for Lake Erie were made.
As a result, a fuzzy cognitive map (FCM) approach was adopted to model ecosystem
alternatives for Lake Erie. A FCM model is one way to analyze a complex system by
representing themost important components of that system asnodesof anetwork. Individual
nodes are connected to many other nodes. A change at one node will affect al connected
nodes, and then all the nodes connected to those nodes, generating aripple effect. Taking
an FCM approach required more data and, therefore, a second expert workshop was held.
The results of the second workshop led to the development of an FCM model for the lake
dubbed the Lake Erie Sysems Model. The modd will be used asatool to help understand
how various components of the ecosystem interact, but it is not a panacea to predict future
conditions.

Three magjor categories of actions and reactions are used to explain the output of the
Lake Erie Systems Model: 1) management levers; 2) ecosystem health response; and 3)
beneficial useto humans. Management leversare avariety of human actionsthat affect the
ecosystem. Ecosystem health response describes the condition of individual biotic and
habitat components and the reaction to the management levers. Beneficia use refers to
those human uses defined in the GLWQA that are affected by the management levers. By
randomly and simultaneously moving all management levers in different directions and
monitoring responses of al non-lever variables, alarge set of different potential outcomes
in the ecosystem can be generated. These outcomes can then be grouped into aform that
can be recognized and described using a statistical clustering procedure. Groups that are
considered to be significantly different from each other constitute ecosystem alter natives.
A detailed description of how the modd was developed and how it processes data can be
found in the ecosystem objectives subcommittee's report, Colavecchia et al. (in prep.).

Themode generated variousecosystem aternatives. Thesedternativesdo notinclude
social, economic or palitical values because they are not part of the ecosystem. Rather, the
values are what will be used to determine the ecosystem alternative that we choose. These
issues will be incorporated into the decision-making process described in section 3.4, and
also as we proceed with identifying specific ecosystem objectives.

3.3 Draft Ecosystem Alternatives

Protection of natural, undeveloped land in the Lake Erie basin is the most effective way to
return Lake Erieto amore pristine state. Of the management levers examined inthemodel,
those that affect the availability of natural, undisturbed land cause the largest response
across the greatest number of variables. Therefore, the availability of naturd lands isthe
key driver of the ecosystem clusters. Nutrient levelsarethe second most important influence
but do not have theimpact that natural land (habitat) has on the ecosystem. In other words,
phosphorus can be strictly managed, but unless natural land or habitat is protected and
restored, only margina response will be seen by many components of the ecosystem.
Therefore, the ecosystem alternatives derived from the model will be described based on
their gainin natural land compared to the status quo conditions of the 1990s. Therefore, of
the management levers, land use practices and phosphorus (or nutrient) management will
have the most impact on improving Lake Erie.



From the clustering exercise, seven distinct groups (ecosystem alternatives) emerged.
Three groups represented highly degraded environmental conditions relative to present
(1990), while four represented existing or improved environmenta conditions. Only the
latter four groups are considered viable ecosystem alternatives for a future state of Lake
Erie. Ecosystem aternative #4 (ECA#4) represents the status quo, or existing conditions.
ECA#1 representsamoderate gain in natural lands from the status quo. ECA#2 represents
ahigh gain in natural lands, and ECA#3 represents low gain of natural land.

A more detailed description of the impact on ecosystem health and human uses
associated with each ECA based on the management actions implemented is presented in
Table3.1. Thesealternative states, or ecosystem dternatives, are pictures of what the Lake
Erie environment could be depending on how and to what extent the human population is
willing to adjust future land use needs. Many combinations of management actions are
possibleto achieve each ecosystem dlternative. Each of theecosystem aternatives presented
serve to only broadly group the management actions that could be implemented to obtain
them. The ecosystem objectives that will subsequently be devel oped under the preferred
ecosystem alternative will contain more specific language to guide management actions.

The Lake Erie Systems Model assumes that toxic contaminants will be managed
according to the GLWQA principles of zero discharge and virtual dimination. Thereis
aready astrong focus on rehabilitating those areas of Lake Eriethat are adversdly affected
by persistent toxic chemicals, such asthe AOCs. Assuch, levels of contaminants should be
declining, not present at varying levels, and not controlling other ecosystem components.
Ecosystem abjectives for Lake Erie will not be proposed that alow toxic substances to
exigt in toxic amounts to the detriment of human health or wildlife. Therefore, al four
ECAsbeginwith the assumption that |oading of contaminantsinto the L ake Erie ecosystem
has been reduced to zero, and describe a contaminant free ecosystem. However, a
representation of the processes of contaminants has been incorporated into the modd to
ensure that the implications can be considered in forecasts for the future. If zero discharge
is not achieved, contaminant levels in the ecosystem (hence, negative impacts on the
ecosystem) would be expected to be the highest under ECA#4 (status quo), reduced under
ECA#2 and ECA#3, and lowest under ECA#1.

Table3.1lillustratestheresults of themodel for each ECA. For management levers, the
more symbals, the less environmental stress is occurring. For the response to ecosystem
health and human uses, aConsumer's Report format isused to show differencesin responses.
A full circle has the highest potentia for improving ecosystem heath or human use; an
open circle the least.
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Table 3.1 Response of Various Lake Erie Ecosystem Components Under the Four Ecosystem Alternative (ECA) States
as Derived from the Lake Erie Systems Model

CATEGORY Ecosystem COMPONENT ECA#1 ECA#2 ECA#3 ECA#4
Management Phosphorus loading (LT LLL i i
Levers Changes in land use fih hird i L]
Harvest - fishing, hunting, trapping 1 i i i
Restoration of natural landscapes i L L #i
Ecosystem Environment/Habitat o @ ¢ ®
Health Plankton O O O ™
Aquatic Plants o o > @
Benthos (Cold-Water) O O O O
Benthos (Cool-Water) @ ™ ® @ D
Amphibians o o @ D
Reptiles D o @ G
Fish () [ ) C) ®
Birds () @ O @
Mammals ) [ ] ® >
Beneficial Natural environments [ ) o ¢ ()
Use to Humans Less Cladophora on beach D D > ®
Water transparency nearshore [ ) o D @
Swimmability (Bacteria) o D D ®
Absence of consumption advisories [ ] €] D ¢
Absence of need to dredge ) o () @
Drinking water/taste and odor [ D D ™

2 Benthos is showing degradation compared to the status quo due to the suppression of organisms like Diporeia and Mysis by

Dreissenid mussels.

3.4 Decision-making process for selecting an ecosystem alternative

Asnoted at theend of section 3.1, there are three stepsinvolved in setting adirection for the
Lake Erie ecosystem: 1) a preferred ecosystem alternative must be selected; 2) ecosystem
objectivesmust be devel oped that describein narrative form more detailsto set the stagefor
the actions needed to achievethe preferred alternative; and 3) indicators must be devel oped
to measure progressin achieving the desired ecosystem aternative. The process described
bel ow addresses primarily the selection of an ecosystem aternative.

Who will evaluatethe ecosystem alter natives?

» Members of the LaMP Work Group, who have dready eliminated three of seven
ecosystem aternatives from consideration. The work group will consider the opinions
of the interested public along with agency personnel, and will make recommendations
to be considered by the LaM P Management Committee.

* Members of the Lake Erie Binational Public Forum, who will consider the four
remaining alternatives at two of their meetings, and whose opinions and
recommendations will be considered by the Work Group and Management
Committee.

* Interested members of the public at large who choose to attend open meetings at
which the ecosystem aternatives will be presented and discussed.



» Agency personnel who will provide commentsto their Work Group member.
¢ The LaMP Management Committee, who will make the final approval.

The input that is expected includes:

« Comments, concerns, and suggestions provided by the public representatives and
agency staff concerning the relative advantages and disadvantages of particular
ECAs. Some of thisinformation will elaborate upon or complement the presented
descriptions of the ecological, beneficia use, social, and economic implications of the
ECAs. However, participantsin the consultation process may also provide
information or their interpretation of the effects of the ECA that contribute to amore
complete understanding of the implications.

« Polling-type data on the preferences of representatives of the public for the different
ECAs. Thisinformation will not only indicate the extent to which agreement on the
objectivesis possible or exists, but also the reasons for differing views on the ECAs.
Differences of opinion could arise due to differing understandings of the
environmental and social implications of the ECAs; they can also occur because of
fundamental differences in values among participants. Documentation of these
reasonsiscritical. For the Public Forum, effective communication of thisinformation
iscrucid to its stated role of “promoting the Forum’'svision and goals for Lake Eri€’.

What information will beused by the processand what product isanticipated?
Information provided to evaluators will include the four ecosystem dternatives described
in section 3.3. Each ECA describes, in very genera terms, both adirection for the Laketo
go (what types of changesto make, if any) and how far to go.
Thefinal product of the processisto be:
A preferred future state for the L ake Erie ecosystem, which will correspond to one of Section 3
the ECAS, or perhaps a combination, and; e
» The preferred state will be described in terms of the general policy leversthat are
likely to be necessary to achieve it, and a qualitative summary of the resulting
ecosystem health, effects on beneficia uses, and socia and economic costs and
benefits (broadly construed).

Detailed, quantitative information on the impacts and characteristics of the chosen
aternative will not be included. This is because the policies and management measures
required to achieve them cannot be specified exactly, and tools for projecting ecological,
economic, and social effects are unavailable within the time frame required.

Consequently, the selected aternative should not be viewed as afirm and unswerving
commitment to a precise target for the future state of the system. As more information
becomes available about what actions are required and their likely effects, it is anticipated
that adjustmentsmay bemade. Rather, the alternativesrepresent aset of guiding principles;
they areapolicy commitment that management actions should be constructed and eval uated
considering the L ake Erie LaM P'scommitment to moving theLakein thedirectionimplied
by the alternatives.

When and wherewill consultation on the ecosystem alter nativestake place?
The following sequence of events will occur:

May 2000: Submission of draft materials on ECAs for evaluation at the June 2000
Binational Public Forum meeting.

June 2000 Binational Public Forum meeting: Initial assessment of ecosystem alter natives.

July 31, 2000: Materials on ecosystem alternatives to be finalized and subsequently
distributed to the Forum and interested public.
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September-October 2000: Public meetings (approximately four in each country).

September-Novermber 2000: Forummembersconsult asindividualswith their congtituencies
and other members of the public. Forum members will have two tasks: to communicate
information about the ecosystem objectives’ process and ECAS, and to gather information
on how their groups and other members of the public view the aternatives.

November 2000 Public Forum meeting: Final assessment of ECAs. Final polling of the
Forum’sviews of the ECAs. The Forum would al so discuss the phrasing of the ecosystem
objectives that would be implied by the Forum member recommendation of a preferred
ecosystem alternative.

December 2000: Work Group and Management Committee recommendations. The Work
Group will make recommendations concerning the ecosystem alternatives, and the
Management Committee will be responsible for the final approval.

January-April 2001: Ecosystem objectives are devel oped based on the preferred ecosystem
alternative.
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Section 4: Synthesis of Beneficial Use
Impairment Assessment Conclusions

4.1 Introduction

Scope

Annex 2 of the Great Lakes Water Quality Agreement requires that each LaMP assess
impairment to14 beneficial water resource uses as the first step in identifying restoration
and protection actions for each of the Great Lakes. The 14 beneficial useimpairmentsand
thecriteriafor determiningimpairment areoutlined in Table2.1. TheLakeErieLaMPaso
recognizesthat morethan just these 14 beneficiad useimpairmentswill need to be addressed
beforeLake Eriecan befully restored. Theseother issues, or stressors, arediscussed in other
sections of the LaM P 2000 document.

The geographic scope of the impai rment assessment includes the open waters of Lake
Erie, nearshore areas, embayments, river mouths and the lake effect zones of al Lake Erie
tributaries. The location of the cause or source of an impairment does not have to fall
within the above-mentioned geographic boundaries to be considered within the LaMP
evaluation process. When an impaired beneficial useisidentified in aparticular basin
in thesummary tablesthroughout thissection, it meansthat impairment isoccurring
somewherein that basin, not necessarily throughout theentirebasin refer enced.

The Ecosystem Approach in Action - Step 1

For the Lake Erie LaMP, the term ecosystem approach means: a) remediating both
contaminant and noncontaminant causes of impairment is important to the restoration of
Lake Erie, and b) management actions must consider impactsto al key components of the
L ake Erie ecosystem before they are implemented.

Inkeeping withitem*“a’, thispreliminary beneficia useimpai rment assessment treats
al impairments and known causes equally, regardless of the type, severity, duration, trend,
geographic extent, or magnitude. The primary causes of impairment are chemical
contaminants, habitat |oss and degradation, exotics and the associated impacts to energy
and contaminant flow in the food web. Remediation of any one of these causes without
addressing the others will not fully restore Lake Erie.

Intermsof item*“b”, existing obj ectives such asthosein the North American Waterfowl
Management Plan (NAWMP), the National Shorebird Plan, Partnersin Flight and the Lake
Erie Fish Community Goalsand Objectives (FCGO) were used to completethe preiminary
beneficial use impairment assessment. Some of these existing objectives were developed
with primarily one group of organismsin mind, and not necessarily the entire ecological
community. In the case of wildlife, most of the objectives are not Lake Erie specific. Itis
important to use and fine tune existing objectives with new proposed objectivesto prevent
conflicting management actions. An example of such a conflict is diked wetlands that
protect wildlife habitat from destruction by lake wave action and serve as a refuge for
native mussdls, but do not provide optimal fish habitat.

The Lake Erie LaM P has devel oped amodel, described in Section 3 of this document,
which will alow usto explore the effects of changesin management strategieson al parts
of the ecosystem. Thismodel isbeing used by the LaMPto assist in devel oping ecosystem
objectives specific to Lake Erie. When final ecosystem objectives are selected they will
alow usto characterize the severity of agiven impairment in relation to LaM P targets for
restoration. Thiswill providethetool needed to prioritize actionsthat must beimplemented
to restore beneficial uses.
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Synthesis Approach

Itisrecognized that many improvementsaready have occurredin the L ake Erieenvironment.
However, because the intent of the LalMP 2000 Report isto set the stage for future actions
in Lake Erie, thetext in this section of the document addresses only problems that are till
occurring. Theimpairment conclusions for each of the 15 L ake Erie assessments (fish and
wildlife assessmentswere done separately) are summarized in tableswithin each subsection
and serve asthe preliminary problem definition for the lake. Eleven of the 15 assessments
concluded that impairment is occurring somewhere within the geographic scope of the
LakeErieLaMP.

In genera, moreimpairments areidentified in the western basin and in the lake effect
zones of tributaries than in the other two basins. However, this fact must be interpreted
carefully. Whileit isknown that contaminant impacts are generally greatest in the western
basin, there are several other key considerations. The range of certain sensitive speciesis
limited to the western basin and acreage of certain habitat typeswas historically greatest in
thewestern basin. For example, in terms of impacts to coastal wetlands, the former Black
Swamp aone covered nearly 300,000 acres before land use changes reduced the remaining
acreage to the current 30,000 acres. In other cases most of the data is collected from the
western basin. Nearly al of the benthos data in existence comes from the western basin.
Becausethe statesand province areresponsblefor regulating surfacewatersintheir respective
jurisdictions, an abundance of tributary datais available. Seven of the 12 Lake Erie basin
AQOCsare located in the western basin or watershed and have already completed extensive
beneficial use impairment assessments for those specific geographic areas. And, findly,
certain impairments are limited to tributaries and nearshore areas by default (e.g. beach
impairments, wildlife consumption advisories, fish tumors or other deformities, and
restrictions on dredging activities).

To date, each beneficial use has been examined only in relation to the impairment

criteriafor that particular use. Therefore, the purpose of this sectionisto briefly synthesize
the 14 assessments by linking the impairment conclusions, causes, and trends among
impairmentsfor thefirst time. Impairment assessment conclusions have been grouped into
three broad categories based on the primary areas of public interest to date: human use
impairments (section 4.2), impairments due to chemical contaminants (section 4.3), and
ecological impairments (section 4.4), with a synthesis narrative for each.
For many of theassessments, thereare datagapsthat hinder our understanding of impairment
and/or itscauses. These datagaps are summarized in each subsection below. Moredetailed
technical information is available on-line at http://www.epa.gov/glnpo/lakeerie/buia/
index.html for each assessment withanasterisk (*). Theremainingimpair ment conclusions
aredraft.



4.2 Human Use Impairments

The human use assessment results answer the questions, are Lake Eriewaters: @) fishable, b)
swimmable, c) drinkable, d) navigable, and €) clean enough for routine agricultural and
industrial use? The impairment conclusions for each are summarized in Table 4.1 and
show that Lake Erie waters are not yet completely fishable, navigable, and swimmable.
The major causes of these impairments to human use are chemical contaminants and
elevated levels of bacteriain recreational waters.

Table 4.1 Summary of Human Use Impairments

Impaired Use Impairment Conclusions Causes of Impairment
by Basin

Fish and Wildlife FISH —Impaired in all basins FISH - PCBs, mercury, lead,

Consumption Restrictions* (Table 4.2) chlordane, and dioxins
WILDLIFE -Impaired in eastern basin;  WILDLIFE - PCBs,
inconclusive for western and central chlordane, DDE, DDT
basins and mirex

Tainting of Fish and Wildlife Not Impaired None

Flavor*

Restrictions on Dredging Impaired in tributary mouths and PCBs, heavy metals

Activities* harbors of all basins (Table 4.3)

Restrictions on Drinking Water  Not Impaired None

Consumption or Taste and
Odor Problems*

Recreational Water Quality Impaired in nearshore waters of all Exceedances of E. coli and/or

Impairments* basins; fecal coliform guidelines,
Inconclusive for offshore waters of all  PAHs*, PCBs*
basins

Degradation of Aesthetics* Impaired in nearshore waters, all basins; Excessive Cladophora,
Inconclusive for open waters of the point/nonpoint source
western basin (Table 4.4). stormwater runoff,

floating garbage and
debris, dead fish, excessive
zebra mussels on shoreline
areas.

Added Costs to Agriculture Not Impaired None

and Industry*

+ PAHs are the basis for a human contact advisory in the Black River Ohio Area of Concern and PCBs
are the basis for a human contact advisory in the Ottawa River (Maumee Area of Concern). These
advisories were issued by the Ohio Department of Health and mean that it is not safe to go into the water
in these areas.
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4.2.1 Fish Consumption Restrictions

Fish consumption impairments occur when contaminant levels in fish exceed current
standards, objectives or guidelines, or public headth advisories are in effect for human
consumption of fish or wildlife. Impairment to human consumption of Lake Erie fish is
occurring. Public health advisories for human consumption of sport fish are in place for
many geographic locationswithin Lake Eriewaters. Particularly noteworthy are“*DONOT
EAT” consumption advisoriesfor certain species/size classes of fishin Lake Erie, Maumee
and Long Point Bays, the Maumee, Detroit, Raisin and Rouge River AOCs, and the Buffalo
River/Harbor area. Inaddition, commercial fishermenin Ontario are prohibited from selling
carp that are 32 cm or larger, dueto PCBs.

Table 4.2 Summary of Sport Fish Consumption Advisories by Lake Erie Basin

Western Basin Impaired.

Nearshore Fish advisories for Maumee, Portage, Sandusky, Raisin, Rouge, Detroit, and
Ottawa River tributaries, and Wheatley Harbor and Maumee Bay.

Western Basin Impaired

Offshore Fish advisories for Lake Erie waters of all jurisdictions bordering this basin.

Central Basin Impaired.

Nearshore Fish advisories for Vermilion, Huron, Black, Cuyahoga, Ashtabula, Chagrin River
and Conneaut Creek tributaries and Rondeau Bay.

Central Basin Impaired.

Offshore Fish advisories for Lake Erie waters of all jurisdictions bordering this basin.

Eastern Basin Impaired.

Nearshore Fish advisories for Presque Isle Bay, Buffalo River/Harbor. Grand River, Ontario,
Big Creek, and Long Point Bay.

Eastern Basin Impaired.

Offshore Fish advisories for Lake Erie waters of all jurisdictions bordering this basin.

The presence of contaminantsin Lake Erie, which arethe basisfor these advisories, exceeds
the Lake Erie Committee (LEC) draft objectiverelated to fish consumption advisories. The
god of this objectiveisto “reduce contaminantsin all fish speciesto levelsthat require no
advisory for human consumption . ..” The existence of fish consumption advisories also
does not meet the 1JC objective of no restrictions on the human consumption of fish in
waters of the Great Lakes Basin Ecosystem.

Fish consumption advisories are issued to assist sport fish consumers in protecting
their health. Thegoal of advisoriesisto minimize human exposureto chemical contaminants
that are present in fish tissue. The choice of which fish to consume, how frequently to
consume, and how to prepare remainswith theindividual. In contrast, commercia fishing
restrictions are enforceabl e standards and are therefore mandatory.



Themost common chemical causesof sport fish consumption advisoriesare PCBsand
mercury, although advisoriesin some areas are issued due to lead, chlordane and dioxins.
Additional chemica parameters that are routinely monitored vary by jurisdiction. Sport
fish consumption advisories are educational tools that not only identify geographic
locationswherefish are affected, but also inform consumers of fish speciesand size classes
likely to contain higher levels of chemical contaminants, offer recommendations on
frequency of consumption, and recommend preparation and cooking techniquesthat reduce
risk of exposure to contaminants that accumulate in fatty tissues, such as PCBs. The
presence of mercury in fish has been of particular concern because it accumulates in the
tissue of fish rather than thefat. Food preparation methods such astrimming fat and skin,
and brailing rather than frying do not reduce exposure to mercury. The only effective
option to minimize exposureto mercury present infish tissueisto follow fish consumption
advisories and to avoid eating the internal organs of the fish.

Asan exampleof jurisdictional effortsto addressthe mercury concern, Ohio hasissued
agenera precautionary consumption advisory for women of childbearing age and children
age 6 and under, for al species of fishin dl Ohio waters. Thisis due to the presence of
mercury at low background levelsin nearly al Ohio fish samplestested. Dueto frequency
of consumption or traditional ethnic means of food preparation, subsistence anglers and
certain cultural and immigrant groups may also be at greater risk of adverse effects due to
contaminant exposure. More restrictive consumption frequency advisories are issued for
these groups, such asthe statewide Ohio mercury advisory and the Ontario mercury advisory
for subsistence fishermen.

Carpisthefish species most frequently identified in consumption advisories, athough
numerous other species areidentified in various locations, particularly channel catfish and
freshwater drum. Thedifferent speciesrestrictionsapply to particular sizesof fish, based on
the results of fish tissue sampling and varying rates of bioaccumulation.

4.2.1.10ngoing Research and Data Gaps

Fish consumption restrictions may need to be updated in the future as conditions change.
For exampl e, reductionsin contaminant levelsin thefood chain may allow someadvisories
to be lifted. Since 1970, levels of mercury in Lake Erie basin walleye have dropped
substantially. However, between 1992 and 1995 level s have varied and may beincreasing,
a least in Lake St. Clair walleye (Straughan et a. 1999). In 1995, Ontario Ministry of the
Environment issued more conservative consumption advisoriesin the Detroit River for the
largest size class of walleye, recommending adrop in consumption from four meals'/month
to two meals'month. Currently, mercury and PCBs are the only contaminantslimiting fish
consumption in the Detroit River. Ontario data for mercury levels are not yet conclusive
(Straughan et a. 1999), but are consistent with U.S. EPA data (U.S. EPA 1999) presented at
ameeting held in response to public and scientific concerns about increased mercury in
walleye. However, data from Michigan’s whole fish contaminant monitoring program
(1990 to present) do not indicate an increasing mercury trend for the Detroit River (Bob
Swest, pers.comm.).

Changes in bioavailability of contaminants may eventually affect fish consumption
advisories. Zebramussel research suggeststhat PCBsare being more quickly biomagnified
up the food chain through a zebra mussel-round goby-small mouth bass connection (Ohio
SeaGrant, 1999).

Research is underway to quantify the levels of microcystin present in fish tissue
collected in areas where Microcystis blooms have occurred. Microcystin is a potent liver
toxin produced by the blue-green algae Microcystis. In addition to evaluating the effect of
microcystin levels on fish hedlth, the results of the current research will identify whether
microcystin is present in fish tissue at levels that impact the health of human consumers
(Culver, 1999).

4.2.2WildlifeConsumption Restrictions

Wildlife contaminant research has been extensive in the Great Lakes, but generaly as it
pertains to wildlife, not human health. Of the Lake Erie jurisdictions, only New York has
established criteria for implementing wildlife consumption restrictions, although Ontario
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and Michigan have done research to evaluate potential need for consumption advisories
for waterfowl, and Ohi o hasresearch underway for snapping turtles. Public health advisories
for human consumption of snapping turtlesand waterfowl arein placefor New York waters
of LakeErie. Thecontaminants causing these advisoriesare PCBs, mirex, chlordane, and DDTs.

4.2.3Restrictionson Dredging Activity

Between 1984 and 1995, 25 navigationa areas around Lake Erie were dredged. Twelve of
the 25 areas dredged have required the dredged material to be disposed in a confined
disposd facility (CDF) at some time during this period. Seven of these sites (Ashtabula,
Cleveland, Lorain, and Toledo, Ohio, and Detroit, Rouge River and Monroe, Michigan)
currently require confined disposal for most of the sediment dredged from those aress.
Becausetherearerestrictionson disposd of dredged materias, thisuseisconsideredimpaired.
Water quality standardsand criteriafor disposal of sedimentsvary among jurisdictions, but
throughout the basin PCBs and heavy metal sare the most commonly identified contaminants
that dictate confined disposal. A PAH-contaminated site was remediated by dredging and
remedial dredging is planned in at least three other sites around the basin.

Table 4.3 Summary of Lake Erie Navigational Dredging Activity 1984-1995, by jurisdiction

Jurisdiction Michigan New York Ontario Pennsylvania
# of Locations 4 locations 1 location 12 locations 7 locations 1 location

3 AOCs 0 AOCs 4 AOCs 1 AOC 1 AOC
Volume (cu. yd.) 3,585,200 101,400 20,928,600 788,135 177,800

Cost (U.S.$) $25,642,900 $382,800 $71,007,700 $4,801,400 $502,300

4.2.3.10ngoing | ssues and Research

The trend of disposing of dredged materials into confined disposal facilities is changing.
As concentrations of contaminants in sediment continue to fall and CDFs reach their
maximum capacity, there is a greater likelihood that other aternatives such as open-lake
disposal, beach nourishment, upland disposal, or other beneficia reuse will occur. Both
Canada and the U.S. have funded programs to investigate and demonstrate the use of
remedial technologies to treat contaminated sediments and reduce the amounts that need
to be placed in disposal facilities.

Although the major point sources of pollutants to sediments have decreased, methods
and criteriafor ng the effects of contaminated sediments have become more stringent
and could conversely contribute to a greater amount of contaminated sedimentsto handle.
In addition, falling lake levels are necessitating more dredging to maintain navigation than
in the previous three decades.

4.2.4 Recreational Water Quality |mpair ments

Annex 1 of the Great Lakes Water Quality Agreement (GLWQA) statesthat: “ Waters used
for body contact recreation activities should be substantially free from bacteria, fungi, or
viruses that may produce enteric disorders or eye, ear, nose, throat and skin infections or
other human diseases and infections’ (1JC, 1989). Annex 2 of the GLWQA lists “beach
closings’ asabeneficid use impairment related to recreational waters. According to the
International Joint Commission (1JC), a beach closing impairment occurs “when waters,
which are commonly used for total body contact or partial body contact recreation, exceed
standards, objectives, or guiddines for such use” (1JC, 1989).

Therefore, the mgjor human health concern for recreationa use of Lake Eriewatersis
microbiological contamination (bacteria, fungi, viruses, and parasites). Human exposure
occurs primarily through ingestion of polluted water, and can also occur through the entry
of water into the ears, eyes, nose, broken skin, and through contact with the skin.



Gastrointestinal disorders and minor skin, eye, ear, nose and throat infections have been
associated with microbiological contamination.

Asnoted above, recreationa water qudity impairment includes situationswhere partial
body contact recreation standards are exceeded. To be complete, an assessment needs to
evaluate all recreational water use activitieswhere total or partial body water contact may
occur. Thisincludes primary activities such as swimming, windsurfing and water skiing,
and also situations where swimming may occur in open waters during secondary contact
activities, such asboating and fishing. The assessment considers both nearshore and open
water activitiesinitsevaluation of impairment, thus, the changeintitlefrom beach closings
to recreational water quality impairments.

Federal, state and provincial recreationa water quaity guideinesrecommend bacteria
levelsbelow whichtherisk of humanillnessisconsidered to beminimal. When contaminant
indicator levels in the bathing beach water reach levels that indicate contaminants may
pose arisk to hedth, public beaches are posted with asign warning bathers of the potential
hedlthrisk. Theprimary tool to eval uate beach water quality isthe measurement of indicator
organisms, which indicate the level of bacteria contamination of the water. The two
indicator organisms most commonly used to measure bacteria levels are fecal coliform
and Escherichia cali (E.coli). Highlevelsof fecal coliform or E. coli in recreational water
areindicative of feca contamination and the possible presence of intestinal-disease-causing
organisms. However, it should be noted that neither E. coli nor fecd coliform testing
differentiates between human or animal waste, or indicates the presence of viruses or of
non-feca contaminants (e.g. Saphylococcus).

4.2.4.1mpairment Conclusions

Bacteria level exceedances are occurring at beaches throughout the Lake Erie basin.
Therefore, Lake Erie basin nearshore recreationa water quality isimpaired from a human
hedlth (i.e. bathing use) standpoint. Bacteria levels data examined in this assessment
provide support for a conclusion that recreational use of Lake Erie offshore is unlikely to
be impaired by bacteria. However, based on arequest from the Binational Public Forum,
the Lake Erie LaMP has decided to classify the use impairment for recreationally used
“open waters’ as “inconclusive’, since a recent comprehensive data-set for open lake
watersis not available for assessment.

Many sources contribute to microbiological contamination, including combined or
sanitary sewer overflows, unsewered residential and commercia areas, and failing private,
household and commercia septic systems. However, it isimportant to note that smply
because bacteria levelsare present, it does not necessarily mean that sewage overflow isa
problem. Other sources may be agricultural runoff (e.g. manure); fecal coliforms from
animal/pet fecal waste washed from soil by heavy rains, either from the beach or washed
into residential storm sewers; wildlife waste, as from large populations of gulls or geese
fouling the beach; direct human contact, e.g. swimmerswith illnesses, cutsor sores; or high
numbers of swimmers/bathersin the water, which are related to increased bacterid levels;
and direct discharges, for examplefrom holding tanks of recreational vessdls. Other factors
affecting contamination levels are low (shallow) water levels; hot weather/higher
temperatures; high winds that can cause increased wave action that can transport bacteria
from contaminated, non-recreational areas to recreational-use areas; high winds that can
stir up bacteria that are in the sediments; and calmer waters that can dow dispersa and
cregte excess concentrations of bacteria

4.2.5Degradation of Aesthetics

An aesthetic impairment occurs when any substance in water produces a persistent

objectionable deposit, unnatural color or turbidity, or unnatural odor (e.g. oil slick, surface

scum) (emphasis added, 1JC, 1989).

For the Lake Erie LaM P process, thelJC listing criteriafor evaluating aestheticimpairments

in Lake Erie have been adopted with the following additions:

« Whether an aesthetic problem is naturally occurring or man-made does not affect its
potentia designation as an impairment;

» Thefact that thereis currently no known solution to an aesthetic problem does not affect
its potential designation as an impairment.
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With the exception of beneficial use impairment assessments aready completed for Lake
Erie AOCs, Lake Erie aesthetic problems have not previously been evaluated collectively.
In most cases the locations, frequency, duration, and magnitude of any identified aesthetic
problems or impairments have not been regularly tracked through any formal monitoring
program. Inaddition, thereisno precise/’common definition for a“ persistent objectionable
deposit.” Therefore, detailed information is largely anecdotal and inherently subjective.

The purpose of this assessment is to: a) outline all known instances of aesthetics
problemsin Lake Eriewaters, b) evaluate the nature of these problems, where possible, and
C) to distinguish between aesthetic impairments to use of Lake Erie, as defined by the 1JC
listing criteria, and other aesthetic i ssues of concern that do not meet thelisting criteria. To
date, the Lake Erie LaMP process has identified the following list of potential aesthetic
problems: high turbidity, obnoxious odor, excessive Cladophora, excessive blue-green
algae, nuisance conditions at public beaches/ lake shoreline, excessive aquatic plants
washing up onto beaches and shorelines, floating garbage/debris, and dead fish.

4.2.4.1Impairment Conclusions

Table 4.4 Summary of Lake Erie Aesthetic Impairment Conclusions

Location/Extent of Known Causes of

Type of Impairment Determination of

Impairment Impairment Impairment

High Turbidity Agricultural and urban
point and nonpoint
source runoff and storms
stirring up bottom
sediments.

Impaired. Maumee, Rouge River and

River Raisin AOCs - western
basin; Black and Cuyahoga
(navigation channel) AOCs -

central basin.

Cuyahoga AOC - central basin
(fish); Cladophora fouling has

Obnoxious Odors  Impaired due to Decaying algae and fish.

dead fish and

Cladophora; occurred at Lake Erie State Park
Inconclusive due to Beach, New York and Rondeau
decaying Bay, Ontario.

zebra mussels.

Although decaying zebra
mussels and combined sewer
overflow discharges of raw
sewage are known to

cause obnoxious odors, it
appears from information
to date that these problems
are not persistent in Lake Erie.

Excessive Impaired. Eastern and central basin Nutrient enrichment,

Cladophora nearshore - nearshore and river availability of substrate.

mouths in Ontario waters
(eastern basin) and Rondeau
Bay, Ontario (central basin).

Blue-green Algae Inconclusive. Western basin. Emerging issue. Research It is not known whether
is underway to pinpoint extensive Microcystis
cause of Microcytstis blooms will continue to
bloom. Hypothesis that persist. Therefore a
zebra mussels may be definitive impairment
contributing to the determination has not
problem. been made.

Aquatic Plant Not Impaired/No N/A N/A

documentation to
date showing a
persistent problem.

Deposits at Public
Beaches

Zebra Mussel Inconclusive.
Shells at Public

Beaches

Large deposits of shells have
been reported at many
western basin beaches and at
Presque Isle Bay State Park,
central basin.

shells.

Deposits of zebra mussels/

It is not known whether
reported problems are
persistent and, if so, if they
are interfering with human
use of shoreline areas.



Type of Impairment Determination of
Impairment

Floating Garbage
and Debris

Impaired.

Location/Extent of
Impairment

Geographic extent of
impairment is localized,
Cuyahoga AOC, Headlands
Dune State Nature Preserve
- central basin.

Known Causes of
Impairment

Large quantities of floating
debris (primarily natural),
Cuyahoga AOC; interfering
with navigational,
recreational, and
industrial use of affected
area in Cuyahoga AOC.

Large quantities of
floating garbage
(primarily combined
sewer overflow-related)
have led to citizen
complaints at Headlands
Dunes State Nature
Preserve.

This issue is significant
enough for the
Cuyahoga AOC, that a
proposal to purchase a
debris harvester is
being pursued.

Dead Fish Impaired.

Geographic extent of
impairment is seasonal and
localized.

Seasonal die-offs due to
alewife/other exotics
not acclimated to colder

water temperatures.
Cuyahoga AOC - central
basin, Ontario eastern basin
waters are only documented
impairments to date.

N/A = Not Applicable

4.2.5.2 Emerging I ssues

There are two current Lake Erie phenomena that have aesthetic ramifications, but are also
indicators of much broader ecosystem changesin Lake Erie - Microcystis blooms and the
reappearance of the burrowing mayfly, Hexagenialimbata. Researchiscurrently underway
to determine the cause and potential implications of the recent Microcystis blooms in the
western basin. The LaMP will use the research findings, when available, to reevaluate the
status of Microcystis blooms as an aesthetic impairment to the western basin of Lake Erie.
The emerging issue of mayfly reappearance exemplifies the conflict between traditional
indicators of improving ecosystem quality and perceived aesthetic problems. During the
final stage of their life cycle, burrowing mayflies emerge from Lake Erie sediments and
swarm in such large numbersthey have made roads dippery and caused temporary brown-
outs. These swarms of mayflies are regarded as a signal of improving Lake Erie water
quality, but create atemporary nuisanceto humans. Becausethe mayfly iswidely regarded
asasignal of improving water quality, any aesthetic problems created by swarming have
not been classified as an impairment in this assessment. However, it is acknowledged that
there can be temporary conflicts between the improving Lake Erie ecosystem and certain
desired human uses of the Lake region during the mayfly swarming period.
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4.3 Impairments Caused by Chemical Contaminants

Overview

Both contaminant loadings to the lake and contaminant levels in biota have decreased
from levels recorded in the 1960s and 1970s. However, Lake Erie still contains alegacy
from the past in the form of contaminated sedimentsthat were deposited before banson the
useof certain chemicalsand pollution reduction initiativeswereimplemented. Contaminants
are clearly bioaccumulating in Lake Erie biota on a continuum from benthos to fish to
amphibians, reptiles, birdsand mammals, resulting i n the specific impairments summarized
in Tables 4.5 through 4.7. In addition, the filter feeding habits of the non-indigenous
invasivezebramussel arere-introducing contaminantsnot previoudy biologically available
back into the water column and ultimately into the food web.

The information in this section is organized by trophic level (benthos, fish, birds, and
mammals) to more clearly illustrate the biomagnification concept. Benthic organisms
spend most or al of their lifecyclein the sediment of thelake. Somefish arebenthic feeders
or spend most of the time near the bottom; others eat organismsthat have spent part of their
lifecycle as benthos. Finally, birds and mammals prey on the fish. Each organism has
bioaccumulated contaminants during its lifecycle, and the effect magnifies as one moves
up the food chain. There are species used as indicators of this phenomenon (midges,
mayflies, brown bullhead, bald eagle and herring gull) for which we have the most
information. However, thelist of species used to monitor contaminant impacts has grown
in recognition of widespread bioaccumulation.

It should be noted that contaminant studies tend to look at effects to a particular
organism in a particular location versus population-wide effects. But when evidence
from the ecol ogical impai rments (section 4.4) is combined with toxicological results, it can
be seen that contaminants are often an important limiting factor to population health.

Summary Conclusions

Lake Erie basin impairments caused by chemical contaminants include restrictions to fish
and wildlife consumption, restrictions on dredging activity, fish tumorsor other deformities
(section 4.3.2), bird and animal deformities or reproduction problems (section 4.3.3), and
benthic deformities (section 4.3.1). Impairment conclusions for restrictions to fish and
wildlife consumption and restrictions on dredging activity are summarized in section 4.2,
human useimpairments. Theremainder are summarized below.

PAHSs, PCBs, DDE, DDT, mercury, lead, chlordane, dioxins, mirex, dieldrin, and nitrates
are all demonstrated to be causing impairment to fish and/or wildlife. Asaresult, most of
these chemicals have already been identified as LaMP pollutants of concern for source
trackdown. In particular, PCBsand mercury have been designated as critical pollutantsfor
priority action in the Lake Erie LaMP.

4.3.1 Benthos

Benthosrefersto the suite of organismsthat live on or in the lake bottom, referred to here as
mecroinvertebrates. Because macroinvertebrates|ivein closeassociation with the sediments
and arerelatively immobile, they are good bioindicators of levels of persistent compounds
inthe sediments, especialy trace metalsand organic chemicals (pesticides, petrochemicals,
PCBs, PAHSs, etc.). Therefore, one of the criteria used for assessing benthic impairment is
when toxicity of sediment-associated contaminants a a site is significantly higher than
reference controls.

Highly toxic sediments produce profound, but sometimes non-specific, reductionsin
benthic abundance, richness (numbers of species), and community composition. Lower
levels of contaminants may cause sublethal effects in invertebrates, just as they do in
vertebrate animals (impairment of growth or development, morphological deformities,
chromosomal abnormalities, or production of stress proteins). Contaminant breakdown
products are often more toxic than the parent compounds. However, some benthos may
tolerate persistent compounds because they lack the ability to break the pollutants down
into compounds that can be excreted. Because benthic invertebrates may bioaccumulate
these toxic compounds, their body burdens can serve as indicators of the amount of



bioavailable contaminants in the environment, and of the transfer potential to predators at
higher trophic levels (fishes, birds, etc.). Bioaccumulation factorsfor some chemicals can
be extrapolated to anticipate whether burdens of top predators are likely to approach toxic
thresholds.

For the Lake Erie LaMP assessment, the benthic communities found in contaminated
sediments may be designated impaired if one or more of the following occur:

e The community is degraded;

« Bioassays using sediment from an area indicate toxicity to benthic organisms;

Macroinvertebrates collected from the sediments have significantly elevated incidences

of deformities or other abnormalities;

« The contaminant burden of benthic animalsisgreat enough that predators may be at risk
of bioaccumulating toxic concentrations of the contaminants.

Impairment was assessed in each of six lake zones: tributaries, wetlands, shorelands,
embayments, nearshore and offshore. Draft conclusions, by basin and zone, for benthic
impairments due to contaminated sediments are summarized in Table 4.5. Benthic
impairments that are due to causes other than contaminated sediments are addressed in

section 4.4.

Table 4.5 Summary of Benthic Impairments Caused by Contaminated Sediments

Lake Erie Zone Lake Erie Basin

Type of Impairment

Section 4

Tributaries Eastern - Buffalo River Contaminated sediments; elevated incidence of
mouthpart deformities in midges
Eastern - Grand River, Ontario Chemical contamination @
Central - Black, Cuyahoga and Ashtabula Rivers Contaminated sediments
Western - Detroit, Raisin, Ottawa and Maumee Contaminated sediments
Rivers, Swan Creek
Embayments Central - Black, Cuyahoga, Ashtabula Rivers Harbors dominated by pollution tolerant benthos

Western - Maumee Bay, Toledo Harbor

Contaminated sediments

Nearshore (< 5 m depth Western - Detroit and Maumee Rivers
water depth up to 4 km
from shore)

Elevated incidence of mouthpart deformities in midges

Offshore (> 4 km from
shore)

Western - Detroit River discharge current

Western - Monroe

Western - Middle Sister Island

Low Hexagenia population density appears to parallel
discharge current band; this needs to be confirmed with
maps

Adult Hexagenia collected in 1994 had the highest
contaminant burdens (PCBs, other organochlorines,
pesticides) of any Lake Erie samples

Hexagenia larvae had high burdens of organochlorines
and PAHs
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Datagaps

» Most of theidentified benthic impairments arein the western basin of Lake Erie because
there is almost no data on benthic contaminant burdens in the central and eastern basin.
Thisisan important datagap that must be filled to complete the assessment of Lake Erie
benthic health. Scarcity of organisms previoudy hindered obtaining this information.
With the advent of zebra mussels and Hexagenia swarms, the biomassis now easily
collected, but sample analysis costs are till abarrier.

» Toxicological studiesof organismsthat prey primarily on benthosarelacking. Therefore,
we do not have specific information about the contaminant burdens in benthos at which
toxic or subletha impacts occur to predators. In this assessment to address
biomagnification without the above-mentioned data, we determined that if contaminant
levelsin benthos (lower trophic level) were equal to the contaminant levelsin fish
(higher trophic level) that trigger a human consumption advisory, the benthos are
potentially toxic to top predators.

4.3.2Fish

Overview

In LakeErieanditstributaries, mercury, PCBSs, lead, chlordane and dioxinsare causing fish
consumption advisories. PAHSs in contaminated sediments are causing fish tumors and
other deformities. The purpose of fish consumption advisories is to minimize potentia
adverseimpactsto human health (section 4.2). However, the contaminant data that support
the advisories can also be used as a tool to assess fish and wildlife hedth. For example,
contaminant levels in fish are used to develop bioaccumulation factors used in assessing
contaminant impacts to fish-eating birds, mammals, amphibians, and reptiles (see section
43.3).

The purpose of ng the preva ence of fishtumorsand other physical abnormalities
isto use these as an indicator of both environmental degradation of the aquatic ecosystem
and asameasure of health impairment to fish populations. However, thisassessment of fish
health islimited to fish deformities and PAHs, which do not bioaccumulate. Therefore, the
potential impacts of bioaccumulative chemicals on other aspects of fish hedlth, such as
reproduction, are not covered. This data gap is acknowledged by the LaM P and explained
in more detail in the data gaps section below.

The assessment criteria require identification of fish tumor or deformity impairments:
a) regardless of whether a specific cause for the tumor has been identified, b) regardless of
whether a cause, when identified, is a chemica pollutant and/or carcinogenic, and c)
regardless of whether atumor is a carcinoma. Only data for types of tumors suitable as
impairment indicatorswere used for thisassessment (excludesgeneticdly and virdly induced
tumors). All sites where fish tumor data suitable for indicating impairment existed, and
tumor preva ence exceeded ratesat least impacted sitesinthe Lake Eriebasin, wereclassified
asimpaired as summarized in Table 4.6.

Where brown bullhead tumor impairment occurs, the cause is known to be PAHSs.
Because brown bullhead are benthic fish and remain in a specific geographic location
during their lifespan, tumors are indicative of local sediment conditions. In surveys of
other fish species, although the causes of tumor or deformity impairment are unknown, the
presence of more mobile fish species points to broader environmental degradation (versus
locally contaminated sediments) as the source of the problem.



Table 4.6 Summary of Fish Tumor or Deformity Impairments

Western Basin Impaired - in 6 tributaries, the Lake Erie islands, and along the Lake Erie
Nearshore shoreline in 2 Ohio counties.

Western Basin No conclusive documentation of impairment (e.g. freshwater drum tumors).
Offshore

Central Basin Impaired - in 13 tributaries, 1 bay, and along the Lake Erie shoreline in 4
Nearshore Ohio counties.

Central Basin No data available to assess impairment.

Offshore

Eastern Basin Impaired - in 1 tributary and 1 bay.

Nearshore

Eastern Basin No conclusive documentation of impairment (e.g. freshwater drum tumors).
Offshore

Resear ch Needs/Data Gaps

During the review of and comment on Lake Erie beneficial use impairment assessments,
concernwasraised that therewas nothing equivalent to the Bird and Animal Deformitiesor
Reproductive Problems assessment to cover theissue of fish reproductive problems dueto
chemical contaminants. (Fish reproductive problemsfrom causes other than contaminants
are covered in the degradation of fish populations and loss of fish habitat assessments.) As
aresult of thisissue being raised, it was decided that a separate report to addressthisissue
would be produced by the LaM P, when resources are available. Thisreport will examine
things such as goiterogens, endocrine disruptors, as well as any chemical contaminant
related reproductive problems.

Therearetwoissueswith thecurrent fish tumorsor other deformities assessment: a) the
age of tumor incidence data for certain locations, and b) lack of true reference site data.
Becausefunding for fish tumor studieshasgenerally only been availableto analyzelocations
where contaminants are known to be degrading the environment, little attention has been
paid to developing data for unimpacted sites. Therefore, datafrom “least impacted” sites
had to be used to assessimpairment in Lake Erie. Withtruereference sitedata, the magnitude
and severity of existing impairment would likely be greater.
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In Canada, the Ontario biomonitoring program to assess fish tumor incidenceended in
1996 due to government budget cuts. To addresstheseissuesinthe U.S., the United States
Geologica Service (USGS) is currently coordinating a research and monitoring effort, in
partnership with a number of principa investigators, to re-evaluate conditions in al the
U.S. Areas of Concern (AOCs). One aspect of this project is monitoring the current rate of
tumor incidencein Lake Erietributaries. Dataresults are expected to be availablein phases
over thenext twotothreeyears. The USGS project, once completed, will provide an update
to theinformation presented in this assessment report and is al so expected to provide some
new referencesitedata. At aminimum, reference sitedatawill be availablefrom theHuron
River in Ohio.

Despite these attemptsto update information for the U.S. AOCs, thereis till agenera
lack of knowledge about the extent of the occurrence of tumorsin fish from Lake Erie, as
well astherest of the Great L akes, in species other than drum and bullhead. Comprehensive
dataon fish deformitiesin other speciesfound along the Lake Erie shoreline exist only for
Ohio. Specific datagapsare asfollows:

« Dataresults from systematic evaluation of fish species, other than bullhead, have been
provided to the LaM P only for the Ohio tributaries and Lake Erie shordline. The causes
of devated incidence rates of fish tumors and/or deformities in these other species are
unknown.

» Most of theexisting information about tumor occurrence deal swith thefish of the harbor,
bay, and tributary areas. Tumorsor deformitiesin fish of the open lake have been studied
much less.

» Studiesthat use a standardized sampling method are needed so that studies in various
states and lakes are comparable. For instance, agtatigtically valid sample of the most
abundant length classes of adult fish of a given species needs to be used instead of
including dl length classes.

» And findly, studies that characterize other components of the ecosystem inhabited by
tumor-bearing fish might indi cate the value of tumor preva enceasapredictor of ecosystem
health.

4.3.3Wildlife

Toxicological wildlife survey data are used throughout the Great Lakes to confirm the
presence of deformities or other reproductive problems in sentingl wildlife speciesin a
particular location. Therefore, by definition, the presence of these problems is enough
evidence to confirm that impairment is occurring and is a good indicator of both wildlife
health and potential adverseimpacts due to contaminants. This assessment is not intended
to assess population-wide impairments. Those issues are covered in the degradation of
wildlife populations assessment (see Table 4.9).

Because wildlife toxicology surveys are often designed to determine conditionsin the
Grest Lakesbasin asawhole, thisassessment variesfrom othersin the amount of Lake Erie
specific data available and its ability to report results by Lake Erie basin. In addition, the
Lake Erie basin populations of some of the species examined such as bald eagle and
colonia waterbirds nest primarily in the western basin. Others such astheriver otter were
extirpated from the Lake Erie basin prior to the 1900s and have only recently been
reintroduced by wildlife management agencies. The most abundant data are available for
Lake Erie bald eagle and herring gull populations that have been surveyed annually since
1980 and the early 1970s, respectively.

A combination of lowest observable effect concentrations (LOECS), population
recovery objectives, and physiological biomarkers was used to establish the scientific
weight of evidence for impairment. Ecoepidemiologica criteria were used to establish
cause-effect linkages, where possible. Reproductive, deformity, and physiological
impairmentsareidentified and associated with chemical causes, whereknown, inTable4.7.
These results indicate that some type of impairment is either clearly or likely occurring in
all groups assessed, except for treeswallows. Asnoted below, treeswdlowsarevery resistant
to the effects of chemical contaminants, and may therefore be a poor indicator species.
As noted earlier, per the 1JC listing criteria, this assessment is not required or intended to



determine whether popul ation-wide effectsare occurring dueto theidentified impairments.
Reproductive effects do not immediately or always trandate into population effects. For
example, if apopulationisnear itscarrying capacity (point a which speciesisinequilibrium
with its environment), then there may not be enough resources (food, nesting habitat, etc.)
for al young to survive to reproductive age. Hence, up to apoint, adecreasein production
of young due to a contaminant may not affect adult population size because many young
would have died anyway. However, if the population is below its carrying capacity, a
decrease in production of young may prevent the population from reaching carrying
capacity. In this situation, the impairments summarized in Table 4.7 can become more
significant when al stressors to a particular species group are summed (contaminants,
habitat loss, exatics, etc.). It isinteresting to note that the results of the degradation of
wildlife populations assessment for these same groups of animals concludethat impairment
is also occurring at the Lake Erie basin sub-population level.

Table 4.7 Summary of Bird and Animal Deformity or Reproductive Impairments

Species/Species Group Impaired? Type of Impairment Likely Cause*

Bald Eagle Yes, observed; exposure Reproductive & R-PCBs, dieldrin, DDE Extent of impairment is
above effect levels Deformity D-PCBs probably obscured by
hacking/fostering and

immigration from less
contaminated inland

territories
Colonial Waterbirds Yes, observed in herring Reproductive, Deformity  R-PCBs and possibly ~ * Cause of recent
(herring gulls, double- gulls; exposure above & Physiological- other chemicals reproductive failures of
crested cormorants, effect levels in herring immune system, D- PCBs herring gulls on W. Sister
common and Caspian gull, cormorant, and reproductive organs, P- PCBs, other organo- Is. may include PCBs,
terns) common tern eggs thyroids, liver enzymes, chlorines microcystin, and (or)
vitamin A, & other factors
porphyrins** * Tree nesting cormorants

are hard to study, but
contaminant concentrations
are among highest in Great
Lakes and are likely
associated with embryonic
mortality and deformities
*Although Caspian terns
have attempted to colonize
Lake Erie as recently as
1996, they are still too rare
in the basin for field study
Tree Swallow Not impaired Significant Organochlorine
exposure; resistance to
effects may make
swallow a poor indicator
species compared to other
insect-eating songbirds

Mink Likely; PCBs in food above Likely Reproductive and R - PCBs
effect levels Physiological P - no data

Otter Insufficient data, but likely  Likely Reproductive R- PCBs Too rare in Lake Erie basin
based on predicted high for study as they have just

levels of exposure recently been re-introduced.
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Species/Species Group Impaired? Type of Impairment Likely Cause*

Snapping Turtle Likely - not observed, but Likely Reproductive, R - PCBs, other
exposure at some Ohio sites Deformity, Physiological organochlorines
above effect levels D - PCBs, other

organochlorines
P - organochlorines

Eastern Spiny Softshell ~ Yes, observed; exposure Reproductive R - PCBs, other

Turtle above effect levels organochlorines

Frogs/Toads Likely (see notes) Likely Reproductive R-DDE, nitrates Nitrate concentrations in
Lake Erie watershed often
exceed lethal and sublethal
concentrations for
amphibians studied in
laboratory experiments

Mudpuppies Yes, observed Deformity D- PAHs and

organo-chlorines

* R= Reproductive impairment; D = Deformity Impairment; P = Physiological Impairment
**  Porphyrins - the liver synthesizes heme for hemoglobin and certain enzymes. Some organochlorines block this process by causing
the accumulation of highly carboxylated porphyrins.



Nitrates

Nitrates are nutrients and do not bioaccumulate. However, at higher concentrations they
have been shown to cause effects to amphibians that are similar to those caused by toxic
contaminants. Because less research and monitoring data are generally available for
amphibian populations as a group, the mechanisms for the observed biological effects of
nitrates are not as clearly defined asthose for other organisms. A short summary of what is
known is provided below.

A review by Rouse et al. (1999) evaluated the risk of direct and indirect effects of
nitrate on amphibian populations. This review used a simple comparison of known
environmental nitrate concentrations in North American waters to nitrate concentrations
known to cause toxicity in alaboratory setting to amphibian larvae and other species that
play an important role in amphibian ecology.

Lethal and sublethal effects in amphibians are detected in laboratory tests at nitrate
concentrations between 2.5 and 385 mg/L (Table 4.8). Amphibian food sources such as
insects and predators such as fish are aso affected by elevated levels of ammonia and
nitratein surface waters (Rouse et al., 1999). Thismay haveimportant implicationsfor the
survival of amphibian populations and the health of food webs in general.

Table 4.8 Toxicity of Nitrate to Amphibians (Rouse et al., 1999)

Species Stage Endpoint Concentration of Nitrate
(mg/l)

Bufo americanus Tadpole 96h-LC50 13.6 & 39.3

Pseudacris triseriata Tadpole 96h-LC50 17

Rana pipiens Tadpole 96h-LC50 22.6

Rana clamitans Tadpole 96h-LC50 32.4

P triseriata Tadpole Developmental 2.5-10

R. pipiens Tadpole Developmental 2.5-10

R. clamitans Tadpole Developmental 2.5-10

Bufo bufo Tadpole 96h-LC50 385

Bufo bufo Tadpole Developmental 9

Bufo bufo Tadpole Death 22.6

Litoria caerulea Tadpole Developmental 9

Litoria caerulea Tadpole Death 22.6

Rana temoraria* Adult EC50-paper 3.6 g/m?

Rana temoraria Adult EC50-soil 6.9 g/m?

* Frogs were placed on moist paper or soil spread with ammonium nitrate granules
LC50=lethal concentration required to kill 50 percent of the test population within 96 hours
EC50=lethal concentration for 50% of the population

Environmental concentrationsof nitratein surfacewatersin agricultural watershedsin
southwestern Ontario and US statesin the Lake Erie watershed ranged from 1 to 40 mg/L.
Of 8000 water samples from rivers in the watersheds of Lake Erie and S. Clair in the
Canadian Great Lakesand in US statesin the L ake Eriewatershed, 19.8% had nitratelevels
above 3 mg/L. This concentration was known to cause physical and behavioral
abnormalities in some amphibian speciesin the laboratory (Rouse et al., 1999). A tota of
3.1% samples contained nitrate levels that would be high enough to kill tadpoles of native
amphibian speciesin laboratory tests (Rouse et al., 1997).

Resear ch | ssues/Data Gaps

Programs and funding for monitoring contaminant concentrations and assessing their
biological effectshave declined inrecent years. Maintenance of these programsisessential
for filling theinformation gapsdescribed in Table 4.7, ng recovery fromimpairment,

Section 4



Section 4

and detecting the emergence of new problems. Specific survey and monitoring needs are
outlined below.

» Most of themagjor contaminants considered in thisassessment are organochl orines, because

they caused past and current reproductive impairments and population-level effects.
More environmental data are available for thisclass of chemicasthan others. However,
many other newer industrial chemicals and pesticides are released into the Lake Erie
ecosystem in large quantities. Few biomonitoring studies have examined the
concentrations and biological effects of these chemicalsin Lake Erie wildlife. Recent
advances in laboratory and field toxicology have shown that some of these chemicals
(e.g., nonylphenal, bisphenal A, atrazine, adicarb) are ableto disrupt the function of the
endocrine, immune, and nervous systems, even with low level exposure during
development.

Dueto improvementsin the health of nationa populations of bald eaglein both the U.S.
and Canada, the leve of effort to monitor or band Lake Erie bald eagles has decreased in
recent years. However, for the Lake Erie subpopulation, contaminant impacts are till
affecting the recovery of the overal population. Therefore, it isimportant to continue
studies of reproductive success, deformities, and contaminant concentrations in blood
and eggs. It is aso important to consider continuing banding/color-marking studies to
alow tracking of individual eagles from the territories where they are raised to the
territorieswhere they breed. Up until about two years ago, thiswasdone acrossthe entire
lake. Today this type of more intensive monitoring is more spotty and declining due to
declining funding. Studies of recruitment patterns will be essential for answering
questionsabout the high turnover rate of adult eagles breeding on the Lake Erie shoreline,
thesurviva and reproductive success of eagles exposed developmentally to contaminants
from Lake Erie, and therate of immigration from inland areasto the Lake Erie shoreline.
The cause of the reproductive impairment in herring gulls on West Sister Island requires
further investigation. Toxicologicaly significant concentrations of microcystin toxin
have been found in the livers of one herring gull from West Sister Iland and anumber of
Caspian tern chicksfrom Saginaw Bay, which bears some similarity towestern LakeErie
in terms of primary productivity and PCB concentrations. The accumulation of
microcystin toxinin colonial waterbirdsis an emerging issue that deserves further study.
Other potential causesof thereproductivefailureinclude PCB-induced wasting syndrome,
infectious disease, or some interaction among these factors.

A forma deformity survey in colonial water birdsis needed to better estimate the rate of
deformities.

Birds such astree swallows that eat emergent aquatic insects can accumulate high
concentrations of organochlorines and other contaminants. Although studies of Lake
Erietree swallowsfrom the eastern and centra basinshave shown only afew biochemical
effects and no reproductive effects, biologically significant impacts are possiblein more
sensitive species, especialy in the western basin where organochlorine concentrations
are higher. Such studies should be initiated.

Little is known about the potential exposure of diving ducks to contaminants through
consumption of zebramussels. A significant proportion (52%) of diving ducks (scaup,
goldeneye, bufflehead, scoter, and old-squaw) had zebra musselsin their gizzards at the
time of collection from Lake Erie (Hamilton and Ankney, 1994). The potential for
physiological effects following consumption of contaminated zebra mussdls has not
been studied.

Better informationisneeded for mink and otter in thefollowing areas. population surveys,
tissue residues, and contaminant concentrationsin food. The Canadian Wildlife Service
hasinitiated amink carcass collection to take place from 1999-2001 within the Canadian
Lake Eriewatershed. Trapper-caught carcasses from Lake Erie marshesand inland
tributaries will be analyzed for contaminants, and examined histopathologically and
morphologicaly. Measurements of reproductive organs will be made to determine
possible contaminant effects on reproductive development. Collectionsof mink carcasses
and potential food items from two Lake Erie marshes were made in 1998, and will be
analyzed for carbon and nitrogen stable isotope ratios, a technique that provides



information on the diet of marsh-living mink. Ongoing monitoring of mink populationsin

shoreline marshes using track censusesis planned.

* Few studies exist that examine both the level s and associated effects of contaminants on
reptilesliving in the Lake Eriewatershed. The few studiesthat exist for Lake Erie have
primarily examined contaminant concentrations in tissues and eggs. Contaminant
concentrationsin Lake Erie water snakes from Pelee Idand are high enough to justify a
study of health and reproductive effects. The Canadian Wildlife Service, World Wildlife
Fund and Upper Thames River Conservation Authority recently initiated such a study.

 Contaminant concentrations in the threatened eastern spiny softshell turtle and the
corresponding low rates of egg hatching in the Lake Erie basin suggest that further
investigation of contaminant effectsiswarranted. The Canadian Wildlife Service, World
Wildlife Fund and Upper Thames River Conservation Authority recently initiated such
a study.

« Further investigation of contaminant levels and effectsin the common snapping turtleis
warranted in coastal wetlands of Lake Erie, especidly the western basin and marshesin
the U.S. Hatching success and deformity rates should be examined. Other endpoaints,
such as differentia effects on males versus females and behavioral effectsin snapping
turtlesfrom Lake Ontario and the St. Lawrence River, are being studied by the University
of Guelph and the Canadian Wildlife Service. These endpoints could be examined in
Lake Erie populations in the future.

« Datais needed about the sensitivity of amphibian eggs, larvae and adultsto DDT
concentrations presently occurring in water and the food web of coastal wetlands,
especialy in Point Pelee National Park.

» The sensitivity of mudpuppies, frog tadpoles, and adult frogsto TFM use in the Great
L akeshasbeen noted (Gilderhusand Johnson, 1980; NRC, 1985; Matson, 1990; Wel sser
etal., 1994). Thelampricide TFM isused to control theexotic sealamprey that otherwise
would impair populations of laketrout and other species (see Section 4.4.2.2). Thereare
conflicting opinions about the significance of this sensitivity and its implications for
potentia impairment. Therefore, the impact of TFM on amphibian populations needsto
be assessed by monitoring populations of mudpuppies and other amphibians pre- and
post-treatment. These studies need to establish the significance of any mortality to these
populationsin treated streamsand inthe Lake Erie basinasawhole. From areproductive
standpoint, it isparticularly important to determineif TFM hasgreater impactson certain
age classes and/or egg-bearing females.

« Nitrate concentrationsin agricultural watersheds of Lake Erie (3.1 % of water samples)
are high enough to exceed the L C50 or sublethal effect (19.8% of water samples) on
amphibian tadpoles of various species. However, these predictions are based on
laboratory-based studies and need to be tested in wild populations.

4.4 Ecological Impairments

Ecologica beneficial use impairments are intimately interconnected, and in Lake Erie
include: degraded fish, wildlife, phytoplankton and zooplankton populations; loss of fish
and wildlife habitat; eutrophication or other undesirable algae; degraded benthos; fish
tumors or other deformities; and bird or animal deformities or reproduction problems.
Therefore, the status of these beneficial use impairments needs to be integrated to develop
a more comprehensive understanding of stressor impacts to the system as awhole. Fish
tumors or other deformities, bird or animal deformities or reproduction problems, and
benthic impairments caused by chemical contaminants are covered in detail in section 4.3,
but are aso mentioned in this section because dysfunction in the ecosystem is caused by
contaminantsaswell asother stressors. Table 4.9 summarizesboth thetypes of impairment
and impairment conclusions for the noncontaminant related ecological impairments.
Theecologica beneficial useswereassessed inrelation to historical conditions, existing
management goals and objectives, out-of-system references (where available), and recent
concerns, as applicable. Impairments occur to al of the beneficial ecological uses of the
lake. Tofully understand the causes of impairment asoutlined below, it must be understood
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that population impairmentsare often asubset of habitat impairments. Therefore, thisecological
use synthesis starts by addressing habitat to document the causes and extent of impairment. The
underlying causes (stressors) of the habitat degradation are examined. Habitat impairment
information is grouped by stressor because each stressor generdly affected a broad range of
habitat types.

Populaion information is organized by impairment results, rather than by stressors causing
impairment, because popul aionimparmentsintegrateacrosstrophiclevel stothewholeecologica
community. Oneof thecriteriafor determining habitat impairment isinability to support heathy
benthos, plankton, fish, and wildlife populations. So, when the status of these populaions is
summarized, lost and degraded habitet is one of the key causes of populaion impairment.

The key reasons for habitat impairment, caled primary stressors, are hydrology changes
associated with land use, nutrient and sediment loads, invasion of nor-indigenous species, and
contaminants. All of these primary stressors are the result of human use of the Lake Erie
environment. Duetotheadverseimpactsof primary stressorsonthelakeErieenvironment, some
key secondary stressorshaved soemerged. For example, duetotheirreversblelossof largeareas
of Cardlinian forest habitat, black-crowned night herons and egrets are primarily restricted to
breeding on the Lake Erie idands in the western basin. Here they compete for habitat with the
booming double-crested cormorant population. The cormorant population is present because of
protection from human disturbance and an abundant food supply of exotic peagic fish (dewife,
shad, smdt). Thecormorant guanoiskillingthetressinwhich heronsand egretsnest. Inthiscase,
the primary stressor is changing land use that led to the loss of mainland habitat. The secondary
stressor is the impact of the cormorant population on the remaining idand habitat. Therefore,
when examining causes of impairment and means of rehabilitation, it isimportant to understand
the sequentid interactions of stressorsaswell.

Table 4.9 Summary of Ecological Impairments

Impairment Impairment Conclusions Types of Impairment Causes of Impairment
Degradation of Impaired - entire eastern basin; PHYTOPLANKTON-eastern basin-total Zebra and quagga mussel grazing;
Phytoplankton and lake effect zones of certain standing crop and photosynthesis high planktivory

Zooplankton western and central basin are below the potential set by

Populations* tributaries P loading in the nearshore;

loss of keystone species;

loss of trophic transfer to Diporeia
ZOOPLANKTON-eastern basin-loss of
dominant cold-water species;
Eastern and west-central basins-
reduction in mean size points to
potential impaired trophic transfer;
west central basin - Bythotrephes
acts as an energy sink;

western and central basin lake effect
zones- habitat loss and degradation

Degradation of Fish Impaired in a/l basins (species unmet fish population objectives**; habitat loss and degradation;
Populations* impaired vary by basin) loss of spawning/nursery area; non-indigenous species (exotics);
loss of population diversity; loss of forage fish availability;
rare, threatened, endangered and overexploitation;
special concern species; reduced loss of native stocks/species,

predatory function; unnaturally high particularly keystone predators
fish community instability;
inefficient use of food web energy



Impairment

Impairment Conclusions

Types of Impairment

Causes of Impairment

Loss of Fish
Habitat*

Impaired in tributaries,
shorelands, and nearshore of all
basins (note-nearshore includes
entire western basin area);

unmet fish habitat objectives**;

loss of habitat diversity & integrity;
loss of spawning/nursery areas;
barriers to migration;

changes in stream temperature, water
quality, and hydrology;

high turbidity;

loss of aquatic vegetation;

changes to benthic species composition;

destruction and draining of wetlands;
dams, dikes, dredging/channel
modifications, water taking; streambank/
shoreline filling and hardening;
sediment/chemical contaminant/
nutrient loadings;

navigation/ recreational boating
activities; exotics (carp, purple loosestrife,
Phragmites); Cladophora fouling
(eastern basin nearshore)

Degradation of
Wildlife
Populations

Impaired in all basins

detailed case studies are being
prepared for 20 species or wildlife
groups (birds, mammals,
amphibians and reptiles) to
illustrate the key impairment
issues affecting the larger group
of wildlife species that use the
Lake Erie environment

unmet wildlife population objectives**;
population fragmentation, isolation,
and instability;

loss or reduction in species indicative
of quality habitat;

loss of source populations;

rare, endangered , threatened, and
special concern species;

accelerated rates of parasitism/
predation;

competition between wildlife/nonwildlife
uses of a given habitat ;

changes to ground temperature and
moisture conditions in forested areas;
loss of travel lanes;

loss of range/area-sensitive species
(e.g. —amphibians & reptiles, rails,
bitterns, sedge wrens, bald eagle)

fire suppression;

logging;

destruction and draining of wetlands;
high water levels, storm surges;
dredging/channel modifications, water
taking, streambank/shoreline filling,
hardening & backstopping;
sediment/chemical contaminant/nutrient
loadings; navigation/boating activities;
exotics (zebra mussel, carp, purple
loosestrife, Phragmites, garlic mustard,
Eurasian milfoil, hybrid cattail, mute
swan, gypsy moth, Dutch elm disease,
chestnut blight)
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Loss of Wildlife
Habitat

Impaired in all basins

16 major habitat types were
assessed. 13 were impaired in
all Lake Erie jurisdictions where
they occur (open lake, islands,
sand beach/cobble shore, sand
dunes, submerged, floating and
emergent macrophytes, wet
meadow, shrub swamp, mesic
prairie, upland marsh, mesic
and swamp forests)

unmet wildlife habitat objectives**;
habitat fragmentation and loss of
niches;

loss of diversity and integrity;
population demands exceed available
habitat (e.g.- colonial waders that use
the Lake Erie Islands);

loss of stopover habitat along
migratory corridors (birds, butterflies,
bats);

loss of cover for protection from
predation;

loss of or accelerated succession
patterns;

loss of area available for habitat
expansion;

loss of buffer functions between one
habitat type and another;

loss or reduction in quantity/quality of
nesting/denning areas;

loss or reduction in quantity/quality of
food sources

fire suppression;

logging;

destruction and draining of wetlands;
high water levels, storm surges;
dredging/channel modifications, water
taking, streambank/shoreline filling,
hardening & backstopping;
sediment/chemical contaminant
/nutrient loadings;

navigation/boating activities;

exotics (zebra mussel, carp, purple
loosestrife, Phragmites, garlic mustard,
Eurasian milfoil, hybrid cattail, mute swan,
gypsy moth, Dutch elm disease,
chestnut blight)



Impairment Impairment Conclusions Types of Impairment Causes of Impairment

Degradation of Impaired. Degraded benthic community contaminated sediments,

Benthos (composition and interactions among  non-indigenous species or exotics
eastern basin-offshore components) compared to reference (zebra mussel, round goby, etc.), loss
waters; conditions; and degradation of habitat particularly

Dominant species indicate degraded in wetlands
central basin-tributary, environment;
shoreland, nearshore and Keystone species absent or nearly gone:
offshore waters; *all basins-unionid mussels,
Gammarus amphipods;
western basin-tributary, *east & central basins-Diporeia
shorelands, offshore waters amphipods;
*east and western basins - fingernail
clams;

*middle of western basin-Hexagenia
(mayflies), see Table 4.5;
unmet objectives for benthic density,
biomass or productivity**;
toxicity to benthic organisms
(section 4.3.1);
elevated incidence of deformities or
other abnormalities (section 4.3.1);
contaminant burden is high enough that
predators may be at risk of
bioaccumulating toxics (section 4.3.1)
@ Eutrophication or  Impaired - Maumee Bay, lake Excessive Cladophora (see Degradation Phosphorus
Undesirable Algae* effect zones of Maumee/Ottawa of Aesthetics impairment conclusions),
Rivers, western basin; nearshore degraded fish communities in lake effect
and river mouth areas of zones of certain tributaries, P levels
Canadian eastern basin above Canadian guidelines in
Potentially impaired — lake effect tributaries
zones of certain Ohio tributaries,
western and central basins;
Rondeau Bay and nearby
nearshore and river mouth areas,
Canadian central basin
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* More detailed technical information is available on-line at http://www.epa.gov/ginpo/lakeerie/buia/index.html for each assessment with
an asterisk
** For a discussion of existing objectives and their relationship to Lake Erie LaMP ecosystem objectives, see section 4.1.




4.4.1 Habitat Impair ments

4.4.1.1 Introduction
The 1JC very broadly defined habitat as the “ specific locations where physicd, chemical
and biological factors provide life support conditions for a given species.” Specificaly,
the 1JC indicated that “habitat impairment occurs when fish and/or wildlife management
goals have not been met as a result of loss of fish or wildlife due to a perturbation” of the
habitat. Management goals have been developed for birds (North American Waterfowl
Management Plan (NAWMP), National Shorebird Plan, and Partnersin Flight -Flight Plan)
and fish (Lake Erie Fish Community Goals and Objectives). In addition, when the 1JC
developed listing criteria for determining benthic impairment, they included a
recommendation that ecosystem health objectives be devel oped using benthic community
structure. Thisrecommendation hasbeenimplemented by anumber of LakeErieresearchers
(particularly for keystone species) and the objectives have become widely accepted in
scientific circles, even though they do not yet residein any forma management plan. For
other organisms, key indicator species and/or community structure were examined.

To assess the qudlity of the habitat in the Lake Erie basin, the basin was divided into
18 regions of similar physical, chemical and biological structure. The present evaluations
were based not only on the ability of the present habitat to support fish, wildlife, plankton
and benthic populations (ecological function) and on loca and lakewide objectives as
prescribed by the 1JC, but also on historical records/out-of-system references, and recent
concerns. Table 4.10 summarizes our present information linking stressors and habitats.
Lossof natural areato human use(i.e. agriculture, industry, housing) isanimpairmentin all
Lake Erie basin upland