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INTRODUCTION

Recently, much work has been done on nearshore 
issues in the Great Lakes basin. This is due to an 
increased awareness of the importance of the near-
shore to the ecosystem as a whole. The International 
Joint Commission’s 2009 Work Group Report on a 
Nearshore Framework (2009 Report) and the Back-
ground Paper (SOLEC, 2009) for the 2008 State of the
Lakes Ecosystem Conference (SOLEC) are two 
examples. As this work is being completed, it is 
becoming clear that assessment of the nearshore is a 
larger challenge than previously thought. This could be 
due to a variety of reasons including the fact that water 
entering the lakes via major tributaries, streams, 
wetlands, embayments and discharges tends to stay 
closeclose to shore. Thus, the quality of those features affects 
nearshore water and ecology. The nearshore then 
appears as a dendritic problem with tendrils far up into 
watersheds instead of a simple bathtub ring around the 
lake. Adding to the complications is the bi-directional 
exchange between nearshore and offshore—one 
affects the other. Indeed, the exchange can be so 
vigorous as to temporarily eliminate many of the unique vigorous as to temporarily eliminate many of the unique 
properties of nearshore water. This contributes to 
extreme nearshore variability which has been the bane 
of investigators for decades. Citizens experience water 
that can be in worse condition than found offshore. This 
can  decrease  confidence  in lake improvement actions 

and increase demand for action against problems 
that are poorly understood. Fortunately, some 
science programs have continued over the years and 
new programs have begun recently. A new emphasis 
on the nearshore is emerging through efforts from a 
variety of agencies and organizations in both Canada 
and the United States. As pointed out in the 2009 
Report,Report, emphasis on the nearshore and upstream 
influences is consistent with ongoing efforts of 
Remedial Action Plans (RAPs) and Lakewide Mana- 
gement Plans (LaMPs). For example, the Lake Erie 
LaMP process has long recognized the need for 
watershed improvements. New efforts on the near-
shore should be coordinated through existing 
arrangements such as LaMPS.  The problems of 
assessing and managing the nearshore may benefit 
from an Adaptive Management (AM) approach.  This 
report summarizes work done by the Nearshore 
Framework Work Group as part of the 2009–2011 
Priority Cycle to assess the application of AM in a 
nearshore context, summarize recent science activi-
ties in the nearshore, identify potential gaps that 
should be addressed, and suggest ways to conduct a 
detailed gap analysis and steps for a comprehensive 
assessment of the nearshore.

“The nearshore then appears as a dendritic problem 
with tendrils far up into  atersheds instead of a simple 
bathtub ring around the  lake.”
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“Adaptive management, an iterative feedback 
process, aims to arrive at better decisions based on 
goals, assessments, monitoring, and modification of 
existing plans.”

GOVERNANCE

Adaptive Management
AdaptiveAdaptive management, an iterative feedback process, 
aims to arrive at better decisions based on goals, assess-
ments, monitoring, and modification of existing plans. 
Program results are used to learn the efficacy of actions 
and thus drive program modifications. The ability to modify 
results and modify decisions is inherent to the process.

Most descriptions of AM are consistent with the steps given 
in the 2009 Report. These include:

ExamplesExamples of AM are most frequently found in natural 
resources management such as fisheries. Variable 
spawning success, interactions with other species, 
weather, and water levels may affect the availability of fish 
from year to year. Thus, the optimal management tactic 
from year to year is uncertain but some management 
decision must be made. A static harvest quota might result 
inin too many fish being taken. An AM approach assesses 
the number of fish available before the harvest season and 
uses this information plus prior experience and models to 
set quotas. The use of experience represents learning, an 
integral part of AM.

• research and assessment of conditions;
• diagnosis of problems;
• prioritization of actions, including restoration and
  protection, to resolve identified problems;
• monitoring of ecosystem response to restoration
  and protection actions;
• as necessary, based on monitoring and• as necessary, based on monitoring and
  research results, identify modification of current
  actions; and,
• develop new actions and revise schedules for
  implementation and reporting.

FINDINGS

Adaptive Management is not a panacea (Krantzberg, 
Appendix A). There are conditions when an AM approach 
is warranted and there are conditions when it is not war-
ranted. According to the U.S. Department of the 
Interior’s Technical Guide to AM (Williams et al., 2009) 
two conditions that warrant an AM approach are:

In addition, the following conditions indicate when AM 
should be used:

Adaptive Management should not be used if:
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• a requirement to take important action despite
  uncertainty; and,
• institutional capacity and commitment for long
  term monitoring and evaluation that can be used
  in an adaptive process.

• Management choices are available.
• There is an opportunity to apply learning.• There is an opportunity to apply learning.
• Management objectives can be identified.
• Information is important to the process.
• Uncertainty can be expressed as testable
  models.
• A monitoring system can be established to
  reduce uncertainty.

• Management decisions cannot be assessed• Management decisions cannot be assessed
  and modified over time (one-time decisions).
• Monitoring cannot supply useful information.
• Irresolvable conflicts prevent measurable man-
  agement objectives or alternatives.
• Management decisions and actions do not sub-
  stantially affect outcomes.
• There is no commitment to sustain monitoring• There is no commitment to sustain monitoring
  and assessment.

“The first steps to applying an adaptive management 
approach to a nearshore framework within the Great Lakes 
are to determine which programs and projects are suitable 
and the degree to which adaptive management techniques 
may already be in place.”



FINDINGS

The first steps to applying an adaptive management 
approach to a nearshore framework within the Great 
Lakes are to determine which programs and projects are 
suitable and the degree to which adaptive management 
techniques may already be in place.

SCIENCE ACTIVITIES

TheThe following is a limited survey of work completed or 
underway related to the nearshore. It should be noted 
that the summary is based on information provided 
by Work Group members at the time of the writing of 
this report and may be incomplete. Other agencies 
and institutions in both Canada and the United States 
are currently undertaking or have completed initia-
tivestives with nearshore implications in the Great Lakes 
basin.

United States

Great Lakes Restoration Initiative (GLRI)

The GLRI is an extensive program for the period 
2010 to 2014 that has begun a nearshore emphasis 
in the United States. Five principal areas have been 
identified that encompass the most significant envi-
ronmental problems in the Great Lakes (other than 
water infrastructure) for which urgent action is 
required:

For nearshore health and nonpoint source pollution, 
efforts focus on watersheds of extreme ecological 
sensitivity, such as the Green Bay/Fox River, 
Genesee River, Maumee River, St. Louis River, and 

Saginaw River, where environmental problems and 
their solutions have been clearly identified. The GLRI 
contains actual restoration actions in addition to 
monitoring and research. An average 4.5% reduction 
in the loading of soluble reactive phosphorus is  
expected in these watersheds. A 3% increase (from 
86% to 89%) in the number of beaches meeting 
bacteriabacteria standards 95% or more of the time is 
forecast. A 12% reduction in area of water affected by 
harmful algal blooms is projected, along with a similar 
improvement in the number of days beaches are 
closed due to algal blooms. Remedial work will cause 
a 2.5% reduction in sediment deposition in Toledo 
Harbour. There will also be a 50% increase in the 
areaarea of watersheds with conservation practices to 
reduce erosion, nutrients, and pesticide loading 
(United States, 2010).

a comprehensive nearshore monitoring program 
which will determine the condition of nearshore 
waters and test indicators in affected areas 
compared to reference areas. The U.S. National Park 
Service will conduct coastal ecological assessments 
at six Great Lakes national parks. In general, the 
efforts use new and emerging technologies such as 
remoteremote sensing, autonomous underwater vehicles, 
towed instruments, and stationary buoys with 
onboard chemical measurements and sensors. 
GLRI-funded projects conducted by GLOS/NOAA 
are examples (Table 1).

In addition to monitoring there are 115 other projects 
(Tables 2-4) in three categories: botulism, 
Cladophora, and harmful algal blooms (6 projects); 
beaches (51 projects); and non-point source reduc-
tion, TMDLs, and BMPs (58 projects).

Clearly, the GLRI program will provide new insights 
for years to come as various remedial actions are 
assessed and monitoring and research information to 
further nearshore improvements becomes available.

• toxic substances and areas of concern;
• invasive species;
• nearshore health and nonpoint source pollution;
• habitat and wildlife protection and restoration;
  and
• accountability, education, monitoring, evalu-
  tion, communication and partnerships.  tion, communication and partnerships.
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FINDINGS

Lake Michigan 2009–10 and Ongoing Nearshore 
Monitoring Activities
LakeLake Michigan investigators have joined together in 
the Lake Michigan Monitoring Coordination Council-
Nearshore Monitoring Workgroup (LMMCC–NEMO). 
This network of government, university and Sea 
Grant scientists and managers is engaged in moni-
toring the Lake Michigan nearshore. LMMCC–NEMO 
coordinated and planned monitoring activities for the 
2010 monitoring year with other programs and field 
activities. There are 71 projects conducted by 17 
agencies and universities: 47 projects (Table 5) 
sampled the nearshore, tributaries, and beaches. 
Other projects sampled ground water, harbors, 
intakes, and AOCs. Water and sediment were the 
main media sampled with some representation in fish 
populations,populations, fish contaminants, birds, plants, and 
wetlands. The sampling effort was distributed over 
much of the lake nearshore with most work com-
pleted in the south, northwest and southeast water-
sheds. The LMMCC–NEMO is a good example of 
coverage that can be achieved with a number of 
cooperating organizations.

Canada

Environment Canada
TheThe Canadian Aquatic Biomonitoring Network 
(CABIN) is an aquatic biological monitoring program 
for assessing the health of freshwater ecosystems in 
Canada. CABIN is based on the network of networks 
approach that promotes inter-agency collaboration 
and data sharing to achieve consistent and compa-
rable reporting on freshwater quality and aquatic eco-
system conditions in Canada. The program is 
maintained by Environment Canada to support the 
collection, assessment, reporting and distribution of 
biological monitoring information. CABIN allows 
partners to take observations and make a formalized 

scientific assessment using nationally comparable 
standards. The program primarily uses the Refer-
ence Condition Approach for study design and site 
assessment. The BEnthic Assessment of SedimenT 
(BEAST) procedure includes benthic organism col-
lection, overlying water and sediment physicochem-
istry and sediment toxicity. Bioaccumulation of 
contaminants in benthic invertebrates is an additional 
line of information. Past sampling sites are summa-
rized in Table 6.

Ontario Ministry of the Environment - Programs 
and Activities for Nearshore Assessment
The Ontario Ministry of the Environment (OMOE) has 
been conducting nearshore research and monitoring 
for many years. One of the longest running programs 
(since 1976) is water intake monitoring for trophic 
conditions. Biomonitoring of contaminants using 
mussels and fish is another long-standing program. 
Since 1994 a network of 60 nearshore index and ref-
erenceerence stations has been used to monitor nearshore 
conditions and track changes in contaminants and 
benthos populations. Towed sensors and mapping 
techniques are used to assess the fate of degraded 
water plumes from tributaries and municipal and 
industrial point sources. Modeling is used to account 
for physical interactions in the nearshore and to aid in 
spillspill impact assessments. Tributary toxics are moni-
tored with high sensitivity analytical techniques, and 
passive samplers are developed and used in projects 
designed to track down the sources of contamination. 
Loadings are calculated with flow data from the 
Water Survey of Canada. Techniques are developed 
for sampling and analysis of “substances of emerging 
concern” and real time data are generated by 
sensors and chemical analyses at buoys connected 
to web access. Contaminated sediment assessments 
contribute to AOC sediment management and 
assessment of remedial activities with Environment 
Canada.   Special   investigations  are  conducted  to
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FINDINGS

examine the extent and nature of site-specific 
impacts of known contaminant sources. OMOE near-
shore related work is summarized in Table 7.

Summary of Activities and Analysis
(Canada and U.S.)

In the U.S., ongoing efforts have been augmented by 
many projects funded by the GLRI. These will yield 
information on watershed and nearshore conditions 
and provide indications of the efficacy of remedial 
actions. New technologies such as autonomous 
underwater vehicles, buoys and towed sensors are 
providing unprecedented quantities of data. In 
Ontario,Ontario, long-standing programs such as index 
stations, water intake monitoring, and biomonitoring 
continue and are being improved with technologies 
such as towed sensors, buoys, and passive 
samplers. There will likely be many new findings 
because the nearshore area has been somewhat 
under-represented in overall programs for Great 
LakesLakes science and monitoring. Eventually, however, 
the resulting data will have to be analyzed and 
support will be needed for further ongoing investiga-
tions.

“The U.S. EPA is establishing a comprehensive near-
shore monitoring program which will determine the
condition of nearshore waters and test indicators in 
affected areas compared to reference areas.”

As has been previously stated, many nearshore 
concerns are not new. Indeed, soil erosion and 
stream siltation have been a concern for over 100 
years. What is now being recognized is that near-
shore areas may need attention above and beyond 
that required for open lake protection. Thus a “back to 
basics” approach to describe nearshore situations 
andand delineate problems and potential solutions is well 
founded.

The process may be helped by a systematic gather-
ing of hypotheses tied into potential decision making. 
For example, a hypothesis may be that runoff from 
urban areas is stimulating Cladophora growth. If this 
hypothesis is reasonably well supported by scientific 
findings, then the potential decision may be to control 
phosphorus, for example, in lawn fertilizers. Most 
work,work, to date has been targeted based on the experi-
ence and intuition of the investigators. In the future, 
however, structuring more of the work to apply to 
specific hypotheses and potential decisions and 
articulating how it applies may help to focus and 
make the work more understandable to funding 
sources.

Potentials Gaps
As of April 2011, there appear to be some areas of 
assessment work that are either not mentioned or 
may be receiving insufficient attention. This does not 
necessarily mean little is being done, rather, continu-
ation of work being done is recommended and more 
work is encouraged.

Urban Runoff
Urban runoff may be affecting the nearshore but is 
not reflected in reports available to the Work Group. 
In many municipalities urban runoff represents flow 
off  residential  properties  including  lawns,   parking

5



FINDINGS

lots, industrial areas, and parks. The runoff may dis-
charge via drains into local tributaries or directly into 
the lake at the shoreline. The shoreline is a collection 
area for nuisance Cladophora which grows in shallow 
water within the nearshore. Phosphorus stimulates 
Cladophora and there is enough phosphorus in urban 
runoff to be a concern.

The average total phosphorus concentration of 31 
data sets in Minnesota was 379 μg/L whereas a 
desirable concentration for water is 10 μg/L or less 
(Minnesota Pollution Control Agency, 2003). In 
March and April the urban runoff phosphorus concen-
tration was 600 μg/L in the Bay of Quinte area of Lake 
Ontario (Quinte Conservation, 2009). Similarly, a 
nationalnational program in 1983 found total and soluble 
phosphorus concentrations of hundreds of μg/L in 
U.S. urban runoff (EPA, 1983). Phosphorus concen-
trations in urban runoff are high enough to stimulate 
Cladophora but, given lake circulation and the 
sporadic nature of the runoff, the extent of stimulation 
is not known. A better understanding of its effects 
would be useful since phosphorus in urban runoff 
may be partially controllable.

In general, runoff may be subject to increasingly 
extreme episodic events. Some urban drainage 
systems could become inadequate or even damaged 
by more debris in runoff. At the same time erosion 
and nutrient export in natural and agricultural water-
sheds could increase in episodes of high rainfall, 
even as lake levels fall. Long-term strategies of 
watershedwatershed management need to take into account 
the possibility of extreme rainfall events.

Ground Water
Ground water may intersect with the nearshore area 
in a way that could stimulate nearshore algae. In 
areas with more natural drainage and infiltration, 
ground water flows may be higher. Ground water 
effects   should   be   investigated  in  order  to better 

understand whether ground water may contribute to 
the Cladophora issue or other nearshore problems.

Algal Toxins
Blue-greenBlue-green algal blooms have become more preva-
lent in recent years. The issue is under review by the 
Commission’s Work Group on Nuisance and Harmful 
Algae regarding the Great Lakes as a whole. Blooms 
often produce dangerous toxins that are concen-
trated in water when the algae either float to the 
surface or are concentrated by wind on shorelines, 
leading to a unique nearshore effect. Algae can injure 
humans, pets and livestock through ingestion of 
dense accumulations or scums. Some waterfowl and 
fish can also be affected. There is evidence of toxin 
transfer through the food chain from benthic chirono-
mid larvae being eaten by fish (VanderKooi et al., 
2009). There may be concern of food chain transfer 
of algal toxins to people eating large quantities of fish 
from waters with blue-green blooms (Health Canada, 
2008).

Inhalation can be another pathway of exposure to 
blue-green algae toxins. For example, in situations 
where there is an intense bloom and wind and waves 
are sufficient to create aerosols of toxic algae. While 
toxins can be found in the respiratory tract of people 
exposed to aerosols, most healthy people would not 
receive a threatening dose. Nevertheless, it would be 
goodgood to know if there is a more susceptible sub-
population with pre-existing conditions who should be 
warned about bloom-containing waters (Backer, 
2010).

“Many actions to address nearshore issues are 
underway and existing programs and knowledge 
should be scanned for completeness and future 
directions.”

6



FINDINGS

Sewage Discharges and Drinking Water Intakes
TheThe disinfection of drinking water and modern sewage 
collection and treatment allow large urban areas to 
flourish in the Great Lakes basin. Treated sewage is 
often discharged into water that also provides drinking 
water—the combination of discharge diffusers, lake 
mixing, and the treatment of sewage and drinking water 
maintains safety. The design and placement of outfall 
diffusersdiffusers is intended to minimize concentrations of nutri-
ents and bacteria in the receiving water and to minimize 
the chance of a plume contacting the shoreline. Even 
when outfalls and intakes are fairly close to shore (10 to 
15 metres) and alternate down a coastline, such as the 
north shore of Lake Ontario, the system works well. 
However, a broken diffuser or failure at a sewage treat
ment plant could pose a greater challenge to drinking 
water systems in the area. Modeling these types of 
questions is part of Ontario’s source water protection 
exercise. One question is whether the economy of 
outfalls and intakes relatively close to shore is advisable 
if there were a significant performance incident.

Since major capitalization of sewage treatment plants in 
the 1970s, the population has increased, flows have 
increased, and infrastructure has aged (although many 
facilities have been updated to handle the increased 
flows). During this time, it has been found that more 
chemicals than previously thought are present in 
sewage. The Chemicals of Emerging Concern Work 
GroupGroup is reviewing the performance of wastewater treat-
ment plants regarding removal of chemicals of emerging 
concern and potential human health effects. Information 
about discharges and intakes, including trajectory and 
average chemical composition, would be a useful com-
ponent of a nearshore assessment. Information about 
critical sites such as embayments where treated sewage 
is a large portion of water flow may also be advisable.

“In both countries shorelines outside a designated 
watershed boundary often receive little attention, and 
existing programs at all orders of government often work 
in isolation and are unaware of each other.”

Sources of Contamination
MuchMuch effort is given to finding pollution and its effects 
in the lakes, and more attention is being paid to tribu-
tary pollution. Chemical contamination from point 
sources, however, should be reviewed as part of a 
nearshore effort. While there are now highly sensitive 
means to detect contaminants in water and biomoni-
toring is well developed, these are not a replacement 
for information about what contamination may be 
entering water directly. Time is required to develop a 
biomonitoring outcome and, during that time, a large 
quantity of deleterious substances could be dis-
charged. Detailed knowledge of industrial processes 
and the likely range of compounds discharged is 
needed to get an idea of what to look for in the water, 
but it would be better to prevent contamination at the 
source. Obtaining this information and prevention at 
source could be part of a nearshore program.

Wetlands and Habitats
Wetlands are key to maintaining the biodiversity of 
the Great Lakes. They are important fish spawning 
and rearing areas as well as refuges for wildlife and 
birds. Many wetlands have been destroyed by devel-
opment. Concern is high enough that there are gov-
ernment programs at all levels to protect wetlands. 
Examples are the wetland inventory by the U.S. Fish 
and Wildlife Service, the Marsh Monitoring Program 
by Bird Studies Canada and Environment Canada, 
and the Ontario Wetland Evaluation System by the 
Ontario Ministry of Natural Resources. If not in place 
already, it would be helpful to periodically collect 
information on all wetlands on a binational scale so 
that the effectiveness of protection and restoration 
could be measured and communicated.could be measured and communicated.

Embayments, tributaries and connecting channels 
are also important fish spawning and rearing habitat. 
Exposed  shoreline and  offshore shoals may be per-
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FINDINGS

ceived as somewhat less important but this may be 
due to less information being available (SOLEC, 
1997). In addition to pollution effects, threats to these 
habitats include: physical disruption, siltation, and 
shoreline modification. Clearly, protection of fish 
habitat in all areas is important and must be cata-
logued and monitored. Of course, many actions are 
underunder way; the purpose here is to suggest that 
existing programs and information be scanned for 
completeness and future directions.

The spectre of lower lake levels due to climate 
change also causes concern for wetlands. Long- 
term forecasts of levels are variable and uncertain. 
Different models and scenarios predict either 
increases or decreases in water levels (Angel and 
Kunkel, 2010). With a scenario of the increase in 
carbon dioxide levelling off around 2070, the effect on 
waterwater levels may be small, whereas a worst case 
scenario could result in a decrease of about 1.5 ft  
(0.5 m) (Hayhoe et al., 2010). Despite uncertainties it 
is crucial to control carbon emissions if water level 
stress to wetlands is to be avoided.

Coastal Engineering
Structures such as piers and breakwaters and shore 
protection can alter the flow of finer materials up and 
down the shoreline. Beach erosion or nourishment 
and trapping of Cladophora accumulations can be 
affected which could, in turn, affect nearshore habitat 
and potential usability for human recreation. Destruc-
tion of sand dunes and their associated vegetation 
couldcould be important to nearshore ecology. Long-term 
erosion of shorelines is a natural process but should 
not be accelerated by coastal engineering projects. 
Due to concerns for property values and habitats, 
erosion rates should be monitored and a good under-
standing of coastal engineering encouraged. Coastal 
zone management will be more difficult if worst case 
carbon emission scenarios cause large systemic 
decreases in water levels.

Kalman Csia, Southwest Michigan Land Conservancy
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FINDINGS

“Approaches to water management should shift from 
process to outcomes, from water to watershed man-
agement, from regulation to shared responsibility, 
from government to governance. It is important to 
recognize that humans and lakes are interdependent 
and take an integrated approach to fulfilling a new 
vision for sustainable development in the Great 
LakesLakes and St. Lawrence River region. Water man-
agement should take a precautionary approach and 
use LaMPs as a management/accountability mecha-
nism.”

Indicators
Indicators can be simple measurements tracked in 
time compared to a goal or standard, or more complex 
ratios and combinations of biological information such as 
developed by the Great Lakes Environmental Indicators 
exercise at the University of Minnesota
(http://glei.nrri.umn.edu/default/default.htm)(http://glei.nrri.umn.edu/default/default.htm) and the 
SOLEC process (JGLR, 2007).

PastPast efforts have resulted in a substantial investment in 
data gathering and indicators by many agencies. The 
methods and indicators may vary somewhat and not be 
directly compatible or comparable. To some, this 
problem should be corrected by harmonizing methods 
and indicators. Many organizations are understandably 
reticent to discard traditional activities and data 
resourcesresources to adopt something different. If, however, 
outcomes are the main focus of monitoring indicators, 
then perhaps much good can come out of what appears 
to be chaos. Adopting a set of generic outcome ques-
tions such as, “Is the area of our wetlands being main-
tained?” or “Is the fish species composition consistent 
with a balanced ecosystem?” may help bridge the gap 
between agencies. If consensus can be reached on 
desired outcomes in a generic sense, then much of the 
disparity (if it exists) between programs can be absorbed 
and the results may have increased communication 
value. An attempt should be made to determine how 
indicators can be harmonized across organizations and 
how best to deal with those that present difficulties.

Airborne Contaminants
SomeSome large urban areas, for example, Chicago or Lake 
Ontario’s “Golden Horseshoe” contain large numbers of 
people, vehicles, and industry. While long-range trans-
port is monitored, urban air pollution deposited on the 
lakes may receive insufficient attention locally. This 
should be reviewed to determine any unique nearshore 
aspects and, if so, their importance. This kind of question 
cancan appear at any stage of decision making and result in 
delays—an answer on hand can be helpful.

9



GOVERNANCE

AA nearshore framework should effect or influence 
decisions that will eventually improve the nearshore 
areas of the Great Lakes. This foundation helps 
clarify and focus efforts towards practical outcomes. 
The nearshore framework should be built with “new” 
governance ideas such as Adaptive Management, an 
ongoing assessment of nearshore conditions includ-
inging watersheds, and a realization of some of the 
knowledge gaps. While one might envision or desire 
an orderly step-by-step linear process, it is important 
to realize that since the initial nearshore workshops 
conducted by the Commission in 2007 and 2008, 
much has been accomplished and more is planned 
for 2011. The framework is more a set of parallel but 
interconnectedinterconnected processes that can help supporting 
agencies draw together the details needed for sus-
tainability.

It should be noted that whereas institutional arrange-
ments in the U.S. and Canada have been established 
over hundreds of years a new approach has been 
adopted (2000) in the European Union (E.U.). Their 
Water Framework Directive (WFD) is comprehensive 
environmental and resource management legislation 
now being implemented by member states. Innova-
tive policy processes and institutions resulted in 
science-based standards and criteria to provide an 
integrated framework for water management. River 
basin management plans are crucial to the WFD 
(MacDonagh-Dumer, 2009).

The United States and Canada have diverse legisla-
tive, programmatic and policy tools to address Great 

Lakes nearshore water-quality problems at federal, 
state and provincial levels. Municipalities also have 
programs and policies that potentially can influence 
the quality of nearshore waters. There is also a 
patchwork of watershed programs administered 
through watershed councils in the United States and 
Conservation Authorities in Canada. This is less of a 
problemproblem in Canada where Conservation Ontario 
provides a framework for various programs and activ-
ities. Nonetheless, in both countries shorelines 
outside a designated watershed boundary often 
receive little attention, and existing programs at all 
orders of government often work in isolation, 
unaware of each other. Facilitating collaboration 
could improve programs and water-quality conditions 
in the nearshore as noted in the 2009 Report.

While recognizing increasingly comprehensive inte-
grative state programs, MacDonagh-Dumier (2009) 
terms the Great Lakes effort “lacking integration, 
fragmented, incremental, with no coherent organizing 
framework”. He noted that the Commission promoted 
two elements for policy coordination in 2006 that are 
both consistent with the WFD—watersheds as geo-
graphic management units and a Binational Action 
Plan. Extrapolating from the WFD, the author 
proposed a detailed “Great Lakes Ecosystem Frame-
work” that calls for greater coordination and collabo-
ration plus aspects of adaptive management. It is 
currently unclear whether the style of policy enact-
ment in the Great Lakes is better or worse than the 
initiatives in the EU, and whether changes would be 
warranted without analysis of the present 
problems/benefits and possible implications. What is 
clear, however, is that a new Agreement will inevita-
bly be compared to arrangements in the E.U.; it 
would be advantageous to have analyses available.

IMPLICATIONS
TOWARDS IMPLEMENTING A NEARSHORE FRAMEWORK
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IMPLICATIONS
TOWARDS IMPLEMENTING A NEARSHORE FRAMEWORK

Adaptive Management and Decision Analysis 
(Krantzberg, Appendix A) formalize intuitive and 
common sense feedback procedures. Examples of 
AM might be found in fisheries management deci-
sions based on the results of test nettings, or wetland 
restoration taking into account success relative to 
inter-annual water levels, or fertilizer application 
basedbased on crop needs and soil nutrient measure-
ments. Decision analysis and AM together may con-
tribute to large infrastructure decisions in which 
uncertainty must be considered for due diligence. 
However, AM and Decision Analysis are not suitable 
for every decision and the multi-stakeholder milieu of 
the Great Lakes complicates matters considerably. 
As a starting place, five steps for sustaining the Great 
Lakes nearshore by building on governance experi-
ence and analyses have been proposed (Findlay, 
Appendix A). Examples of this experience and 
analyses include:

• The European Union Water Framework Directive;
• Water Information System for the Environment in
  the E.U.;
• The Fraser River Council;
• Review of Transboundary Agreement Mechanisms
  (Pollution Probe, 2004); and,
• The Need for a New Approach to Water Manag-
  ment (Pollution Probe, 2008).

TheThe proposed five steps for sustaining the Great 
Lakes nearshore are:
 1. Begin with key principles:
     a. Approaches to water management should shift
         from process to outcomes, from water to water-
         shed management, from regulation to shared
         responsibility, from government to governance.
     b. Recognize that humans and lakes are inter-     b. Recognize that humans and lakes are inter-
         dependent and take an integrated approach to
     

        fulfill a vision for sustainable development in the
        Great Lakes and St. Lawrence River region.
    c. Take a precautionary approach and use LaMPs
        as a management and accountability mechan-
        ism.
    d. Use existing institutions and structures in
        adaptive management.        adaptive management.

2. Begin a bi-national nearshore condition assess-
    ment as outlined in the Commission Nearshore
    Framework.
3. Background assessment of institutional capacity,
    barriers to collaboration, and other models of col-
    laboration and watershed management (e.g. the
    E.U.).    E.U.).
4. Conduct workshops involving key individuals to
    discuss watershed management and how gover-
    nance techniques could benefit sustainable devel-
    opment for Lake Erie and Lake Ontario.

5. Develop a white paper on nearshore governance
    that covers a variety of approaches and pros and
    cons for discussion and outreach at subsequent    cons for discussion and outreach at subsequent
    events.

MoreMore consultation and multi-stakeholder processes 
will require key constituencies to be part of the 
process from the beginning. For example, municipali-
ties may be facing wastewater treatment plant optimi-
zation and/or expensive capital expansion, and 
agricultural interests may need to modify operations 
to reduce phosphorus loss. Their engagement may 
be crucial for success in nearshore improvement.
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SCIENCE ACTIVITIES
Gap Analysis
GapGap analysis will be a dynamic endeavour as more 
and more information is developed. For example, the 
question of inhaled algal toxins raised above may be 
deemed insignificant with an extensive literature 
review or a significant component in the suite of 
reasons to control algae. At some time however, 
efforts must move from supporting problem finding to 
supportingsupporting solution finding consistent with existing 
LaMPs and RAPs. Additional science gaps may 
appear as precautionary, restorative, and protective 
actions are proposed and costs estimated.

Suggested Next Steps
To facilitate a gap analysis, the following steps are 
suggested:

Conduct polls and workshops to inform and 
determine nearshore problems as seen by 
citizens. This will help ensure citizen and govern-
ment support for subsequent actions and ensure 
the scientific approach has not overlooked impor-
tant issues.
Conduct workshops with science organizations 
working in the nearshore to determine problems 
in light of recent and past findings. The word 
“problem” is similar in meaning to “beneficial use 
impairment.”
DetermineDetermine which programs are most likely to 
effect outcomes in terms of potential to resolve 
nearshore problems. This will help prioritize the 
science.
CompareCompare the outcome of the problem identifica-
tion workshops to the list of effective programs 
mentioned above. Through examination of the 
differences, develop the scope and scale of 
further programs needed to effect the resolution 
of identified nearshore problems that are not cur-
rently being addressed. These are the gaps.

• 

• 

• 

• 

• 

• 

Determine the degree of quantitative goals, moni-
toring and learning involved in restoration 
projects, and seek to maximize learning for appli-
cation to future projects. Recognizing that restora-
tion project funding may not include quantitative 
goals or long-term monitoring, but it is still impor-
tant to encourage learning and feedback, the lack 
of which would be a gap (Hartig, 1996).

Examine geographic coverage:
  a. Is the sampling spread out over enough
      areas?
  b. Are enough different habitats represented?
  c. Are the differences between areas suffi-
      ciently clear, for example, the north and
      south shores of Lake Ontario?

Comprehensive Assessment

AA comprehensive assessment would contain suffi-
cient detail and depth to offer diagnoses, hypoth-
eses, and direction leading to the eventual 
resolution of nearshore problems. Primarily, the 
assessment would discover and elucidate condi-
tions and determine problems in tributaries, 
wetlands, embayments, and nearshore areas of the 
lakes.

The science activity summarized above shows that 
considerable field work has been completed and is 
currently underway. The lake-by-lake cycle of the 
Cooperative Science and Monitoring Initiative could 
be a convenient timing mechanism to implement 
adaptive management techniques for science activi-
ties.

Some examples of feedback opportunities are sug-
gested below:

12
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Determine whether there are generic conclusions 
that would render more extensive studies unnec-
essary. This would prioritize further research and 
monitoring and also allow agencies to avoid 
“doing everything everywhere.”
Determine which observations need medium or 
longer term repetition in order to solidify conclu-
sions.
Determine which programs can best influence 
decisions on actions.
Determine which problems are subsets of 
offshore problems and which are nearshore 
issues that have a manageable nearshore cause.
Find ways to structure, package, and market the 
work to maximize the persuasiveness to those 
who must make decisions on actions.

research and assessment of conditions;
diagnosis of problems;diagnosis of problems;
prioritization of actions to resolve identified 
problems, including restoration and protection 
actions;
monitoring of ecosystem response to restoration 
and protection actions;
as necessary, based on monitoring and research as necessary, based on monitoring and research 
results, identify modification of current actions; 
and,
develop new actions and revise schedules for 
implementation and reporting.

• 

• 

• • 

• 

• 

• 

• 

• 

• • 

• 
• 
• 

• 

• 

• 

These and other points are consistent with the 
Adaptive Management Framework outlined in the 
2009 Report. As stated previously, the Framework 
involves six components:

A nearshore framework should also encompass:

determination and mapping of beneficial use 
impairments or other problem statements;
development of science-based standards;
process and structure to delineate reaches of 
shoreline as geographic units;
facilitation of watersheds as geographic units 
for assessment and management;
statisticalstatistical analysis of nearshore data to deter-
mine the degree of change detectable, given 
the inherent variability; and,
workshops to synthesize data and generate 
probable cause-effect relationships that point 
the way toward actions required.

13



Conduct a session at the 2011 Biennial Meeting 
to develop consensus on what the components of 
a nearshore framework should be.
Conduct a workshop to decide on the types of 
processes, programs, and projects that are, or 
are not, suitable for Adaptive Management within 
a nearshore framework.
DevelopDevelop a proposal to conduct nearshore demon-
stration projects using Adaptive Management on 
each side of the border.

• 

• 

• 

• 

• 

The Work Group encourages the International Joint 
Commission to:

Based on the above discussion the Work Group has the following recommendations:

The Work Group encourages the International Joint 
Commission to recommend to the Parties:

• 

• 

• 

• 

• 

Conduct workshops to facilitate exchange of 
the latest findings on the nearshore and reach 
consensus on long-term monitoring and 
research needs to solve problems and whether 
there are any solutions apparent that can be 
applied in the short term.
ConductConduct a cost-benefit study to determine the 
optimal degree of coordination and integration 
of nearshore activities on a binational scale, 
taking into account transaction costs and 
potential to effect outcomes
ConductConduct a study to determine whether the Ben-
eficial Use Impairments list in the Agreement is 
sufficient or needs to be modified for the near-
shore zone.
Conduct a workshop on how to use existing 
governance arrangements such as LaMPs and 
other programs to further nearshore assess-
ments and action plans.
Assess the importance of fragmentation of 
responsibilities, management policies and 
programs, and lack of policy integration for 
nearshore protection within Great Lakes juris-
dictions.
Determine the feasibility of more integration, 
collaboration, and coordination at all levels of 
government within the Greats Lakes basin.  
Continue and enhance nearshore work already 
begun within the Great Lakes basin.

RECOMMENDATIONS
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Adaptive Management White Paper Summaries

TOWARDS A CONSISTENT APPROACH FOR NEARSHORE 
WATERS GOVERNANCE

Rick Findlay, 2010

FindlayFindlay’s report provides background for the 
Commission’s Nearshore Framework, a review of 
governance in some non-Great Lakes situations, and 
a five point plan for a process to propose a consistent 
and practicable governance scheme. The following 
material is presented largely verbatim from his report.

  Governance: (noun) the action or manner of 
  governing: a more responsive system of 
 governance will be required. (The New Oxford
 Dictionary of English)

PresentPresent governance arrangements such as RAPS 
and LaMPs are valuable to solving nearshore 
problems but unlikely to do so without further refine-
ment and other techniques. For example the 
European Union’s Water Framework Directive 
(WFD) uses science-based standards and criteria for 
the quality and quantity of surface and ground water. 
SimilarSimilar to some Great Lakes processes, involvement 
of the public and key stakeholders is integral to the 
WFD.

Meanwhile, multi-stakeholder processes provide a 
forum for effectively managing watersheds, including 
jointly addressing point and non-point pollution 
sources.

One consistent obstacle to effective watershed man-
agement in both the United States and Canada has 
been the difficulty to consistently and successfully 
engage stakeholders and gain their support for new 
approaches. The credibility and success of a water-
shed initiative depends largely on the degree to 
which key interests and stakeholders participate 
throughout the process. Meaningful participation and  

open communication throughout must provide the 
time necessary to build the trust among stakeholders 
and the institutional commitments required for the ini-
tiative to succeed. Trust is also built by creating a 
common understanding of watershed issues and 
challenges by providing all parties access to key data 
concerning watershed conditions.

Nonpoint source pollution problems will only be 
solved with the ability to address decisions about 
changes in land use and application of fertilizers and 
other chemicals to agricultural and non-agricultural 
lands. Historically, this has been difficult partly 
because the institutions governing land and water 
often do not share the same jurisdictional boundar-
ies,ies, or common mandates regarding the manage-
ment and preservation of the watershed. Watershed 
initiatives that involve the full range of parties—from 
national to local government and from environmental 
to agricultural and economic non-governmental 
interests—help break down some institutional 
barriers.

In general, sustainable development is a governance 
challenge and there may not be universal agreement 
on the meaning of the term. The challenge to protect 
the nearshore environment in a sustainable develop-
ment context is even more daunting. Innovative man-
agement approaches need to be encouraged and 
adaptive. Multi-stakeholder consensus-seeking 
approaches offer promise, when used in the context 
of a clear, shared binational vision for the nearshore 
as well as practical and achievable goals and objec-
tives and appropriate levels of resourcing.

The idea that consensus building in a multistake-
holder process is not perfect but is the most likely 
way forward to success. In considering an approach 
for the nearshore, we need to draw on the strengths 
and realities of traditional governance structures and 
also find new ways to engage and enable key sector 
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leadersleaders and enable them to address complex and 
challenging issues of sustainability. While large differ-
ences between lakes and watersheds are enough to 
preclude a “one approach fits all” policy, a number of 
common themes are in place and need to be main-
tained: Airsheds are part of the watershed, Adaptive 
Management is becoming more accepted, Great 
Lakes Governance is changing with the times, 
LaMPs and RAPs can help approach nearshore 
problems, and the Drinking Water Source Protection 
process in Ontario is an example of watershed man-
agement designed somewhat to maintain quality of 
the nearshore.
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A GOVERNANCE AND ACCOUNTABILITY 
FRAMEWORK FOR GREAT LAKES NEAR-
SHORE IMPLEMENTATION OF DECISION 
ANALYSIS AND ADAPTIVE MANAGEMENT

KRANTZBERG GREAT LAKES CONSULTING, MARCH 2010

Krantzberg’s extensive report reviews adaptive man-
agement (AM), Decision Analysis (DA), and the com-
bination DAAM. The following material is presented 
largely verbatim from her report.

All management decisions and actions require 
judgment in the face of uncertainty—this is a funda-
mental reality of management. There is an increasing 
appreciation and concern for the presence of uncer-
tainty in the management of dynamic environments, 
and this has been expressed in the Great Lakes with 
particular reference to issues occurring and impact
ing the nearshore environment. Institutions will 
succeed or fail at fostering change only where they 
can successfully introduce innovations in planning 
and action to be adequately flexible, embrace self-
correcting processes, and actively pursue learning in 
the form of experimentation to improve knowledge 
and understanding. AM is a technique for learning by 
way of reducing uncertainties through experimental 
management. AM can provide reliable information to 
managers and policy makers about cause and effect 
where policies are intentionally designed as hypoth-
eses and management is implemented as experi-
ments to test those policies.

Adaptive Managment is not:
Trial-and-error i.e. without a directed research 
component to management.
Spurious adaptation of policies as you go, simply 
in reaction to unfolding events.
Sophisticated modeling skills and tools alone.
Consensus from all stakeholders, even when 
informed by information feedbacks.
 

Active Adaptive Management is a stepwise process 
in which practitioners :

This process generates learning.

DecisionDecision Analysis is a quantitative process for taking 
a decision with uncertainty by analyzing the manner in 
which outcome desirability and outcome uncertainty 
may be combined to produce a solution, generally 
based on expert and stakeholder exercises to reach 
consensus. DA captures the essential information 
about the way uncertainty affects an alternative by 
elucidatingelucidating key uncertainties, possible outcomes of 
these uncertainties, chances of each outcome occur-
ring, and the consequences of each outcome. DA 
explicitly considers the implications of uncertainties 
for decisions through an unambiguous and quantita-
tive approach to decisions, based on expert value 
judgements that are numeric, to reduce the arbitrary 
nature of those decisions by explicitly incorporating 
uncertainty (and thereby risk) into the valuation alter-
natives to maximize the probability of choosing the 
most beneficial option. DA is effective because uncer-
tainty is handled in a systematic way rather than being 
ignored.

Something only scientists do.
A panacea that can solve all problems.

Define the problem.
Design options that act as competing hypoth-
eses.
Implement a management plan.
Monitor system feedback.
Evaluate the results.
Reduce uncertainties.
Revise hypotheses and plans.

• 

• 

• 

• 
• 

• 
• 

• 
• 

• 
• 
• 
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AMAM and DA combine to form decision analysis 
adaptive management. AM alone it is not a decision 
process but it can contribute reliable knowledge to 
decision making through the generation of learning, 
but the modification of behaviour (e.g. management 
action) subsequent to learning would result from a 
decision process such as DA. DAAM is all about 
makingmaking hard decisions in the face of uncertainty while 
reducing key uncertainties through management. 
DAAM possesses several shared principles— non-
exclusive participation, explicit management objec-
tives, probabilities of competing hypotheses, and 
reliable information is valued—such that AM without 
DA is inefficient and DA without AM is unfinished 
business. Inefficient because information gained 
through an AM program without DA would not neces-
sarily lead to improved policy revisions in the future, 
and unfinished business because for such reductions 
to be achieved through a DA process requires the 
reliable information gained through AM. The cyclic, 
rigorous power of DAAM derives from the use of DA 
for organizing and choosing actions and AM for 
assessing their effectiveness.

Work Group Commentary
A large amount of further thought in the Krantzberg 
report cannot be dealt with here. Some of important 
questions are “How bad have decisions been?” “How 
close have we been to AM, DA or DAAM in present 
processes?” and “How do or will we see AM, DA, and 
DAAM practically applied?”

ManyMany decisions, for example, phosphorus controls 
and instigation of RAP and LaMP processes, have 
been excellent given the information available at the 
time. The Great Lakes monitoring programs have 
been consistent with the steps in AM. Now show that 
further tuning of nutrient controls is needed, t 
perhaps in a more site specific context. The most 
interesting challenge may be how to incorporateinteresting challenge may be how to incorporate AM, 
DA, and DAAM processes in an engineering context.

ThereThere is natural resistance to committing funds for 
further improvements of sewage plants. The method to 
combat nutrient losses from agriculture, given the 
recent experience with the Maumee system, is not 
known. On the engineering side, are small incremental 
improvements as may be anticipated in the AM 
process practical? Can substantial capital improve-
mentsments be a series of small projects or are large projects 
the only efficient path? Can agricultural experimental 
results on holding field runoff for later re-use (or other 
techniques for nutrient loss reduction) be extrapolated 
to large tracts of producing land? While the necessary 
assessment of the nearshore proceeds, there is a high 
probability that the two issues above, for example, will 
comecome under scrutiny. The municipal engineering and 
agricultural interests must be drawn into the process at 
the earliest opportunity. The process should be driven 
partly by what kinds of decisions can be made.

The AM, DA, and DAAM techniques recognize and 
deal with uncertainty of environmental outcomes. Sci-
entists have begun to highlight uncertainty. In multi-
stakeholder processes, discussions of uncertainty can 
be misinterpreted to mean that there may be no point in 
considering improvements. Scientists who have con-
ducted field work know there is variability in the natural 
environment that leads to some uncertainty in restora-
tion outcomes. The famous graph of Vollenweider and 
the OECD cross section analysis of lake phosphorus 
vs. chlorophyll show a large variability between lakes in 
chlorophyll for the same phosphorus concentration. 
Yet, the trend is clear; more phosphorus results in more 
chlorophyll so, if a lake has too much algae, then 
reducing phosphorus will most likely be beneficial. 
However, if the wrong question is asked such as 
“Exactly how much will algae decrease?” the resulting 
discussion of uncertainty can easily de-rail decision 
making. Careful explanation of variability and uncer-
tainty implications to non-scientific audiences will be an 
important aspect of AM, DA, and DAAM application to 
the nearshore agenda.
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Summary of Nearshore-related Science Activi-
ties in the Great Lakes Basin Submitted by the 
Nearshore Framework Work Group
(April 2011)

Table 1. Summary of Great Lakes Observing 
System activities funded under the Great Lakes 
Restoration Initiative (GLRI)

Table 2. Summary of GLRI-funded projects related 
to Botulism, Cladophora, Harmful Algal Blooms

Table 3. Summary of GLRI-funded projects related 
to Beaches

Table 4. Summary of GLRI-funded projects related 
to Non-Point Sources of pollution
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Table 5. Summary of Scientific Work, Projects and Ongoing 
Initiatives, Undertaken in Lake Michigan in 2010. Projects 
have been grouped by resource sampled, media sampled, 
and parameters measured.

TTable 6. Summary of Past and Ongoing Investigations 
undertaken by Environment Canada as part of the 
Canadian Aquatic Biomonitoring Network (CABIN)

Table 7. Nearshore work conducted by Ontario 
Ministry of the Environment
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