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The Laurentian Great Lakes represent the world’s largest

freshwater ecosystem and contain irreplaceable biodiver-

sity. Lakewide Action and Management Plans (LAMPs) hold

the highest potential for ecosystem management in the

Great Lakes but have not specifically addressed biodiversity

status or strategies for conservation. For four Great Lakes,

recently completed biodiversity conservation strategies (blue-

prints) have assessed the status and threats to biodiversity

and recommended strategies for conservation and restora-

tion; a blueprint is under way also for Lake Superior. Here,

we compare the completed blueprints and explore chal-

lenges to conservation planning for large ecosystems. We

also assess whether earlier blueprints are being adopted

and offer suggestions for more effective implementation. All

of the blueprints focus on biodiversity in the lakes and

coastal areas, and some include tributaries and migratory

species. Biodiversity status was rated as fair (out of desir-

able range but restorable) in each lake, with some excep-

tions and considerable spatial variability. Aquatic invasive

species ranked as a top threat to biodiversity in all four

blueprints. Other highly ranked threats included incompat-

ible development, climate change, terrestrial invasive spe-

cies, dams and barriers, and non-point-source pollutants.

The recommended strategies are characterized by six themes:

coastal conservation, invasive species, connectivity and hy-

drology, fish restoration, nearshore water quality, and cli-

mate change. Each blueprint highlights high-priority strategies,

but successful protection and restoration of Great Lakes

biodiversity require revisiting these priorities in an adaptive

approach.
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T he Laurentian Great Lakes and their connecting chan-
nels represent the world’s largest surface freshwater

ecosystem @Government of Canada and United States ~US!
Environmental Protection Agency, 1995# , and, though rel-
atively young geologically, contain irreplaceable biological
diversity. Heavy use over the past three centuries has pro-
duced significant changes. The presence of once-ubiquitous
native fish, including the lake sturgeon and lake trout, has
been drastically reduced or virtually eliminated in most
regions. Extensive areas of shoreline have been converted,
destroying thousands of hectares of wetlands and other
coastal ecosystems. Industrial, urban, and agricultural pol-
lution and over 180 nonnative species have led to the re-
placement of key native species and arguably a permanent
alteration of the food web. Yet, the Great Lakes retain many
globally important biological features—including the world’s
largest system of freshwater dunes, endemic coastal plants
and animals, and deep-water fish—and will undoubtedly
remain as a large-scale “stage” ~sensu Anderson and Ferree,
2010! on which nature will continue to thrive and evolve.

The need for collaborative goal setting and strategy imple-
mentation in the Great Lakes is tremendous given chal-
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lenges such as vast geographies, complex ecological systems,
fragmentation of resources, agency specialization, and mul-
tiple, sometimes overlapping, jurisdictions. While there are
many regional initiatives intended to promote such collab-
oration, such as the Great Lakes Restoration Initiative ~GLRI!
that is directing hundreds of millions of dollars toward
Great Lakes restoration, as well as the biannual State of the
Lakes Conference ~SOLEC! that provides lakewide indica-
tors of ecosystem health, the Lakewide Action and Man-
agement Plans ~LAMPs! hold the greatest potential for
ecosystem management because they bring together stake-
holders at regular intervals to coordinate action and will
continue to do so into the future. Under the 1987 protocol
amending the binational Great Lakes Water Quality Agree-
ment ~Government of the US and Government of Canada,
1987!, LAMPs were required for each lake, with updates
every five years. The LAMPs have set goals and objectives
for water quality, human use and enjoyment, and, to vary-
ing degrees, ecosystem health as expressed in physical, chem-
ical, and biological terms.

Although the LAMPs are the primary forum by which
collaborative, lakewide goals, objectives, and action plan-
ning can be developed for most management concerns,
excepting fisheries management, which is overseen by the
Great Lakes Fishery Commission, they have not previously
assessed biodiversity status nor identified strategies needed
for conservation and restoration. Both the US Environ-
mental Protection Agency ~USEPA! and Environment Can-
ada ~EC! recognized the potential for the LAMPs to facilitate
Great Lakes biodiversity conservation and, starting in 2007
with Lake Ontario, have invested in the development of
biodiversity conservation strategies, colloquially known as
blueprints for each Great Lake. Blueprints are now com-
plete for four of the Great Lakes: Lake Ontario ~Lake On-
tario Biodiversity Strategy Working Group, 2009!, Lake
Huron ~Franks Taylor et al., 2010!, and Lakes Erie and
Michigan ~Pearsall et al., 2012a,b, respectively!. A biodiver-
sity assessment is also under way for Lake Superior, with
strategies to be formulated later by the Lake Superior LAMP
~Lake Superior LAMP–Superior Work Group, 2013!.

These blueprints have defined multiagency visions for bio-
diversity conservation, developed shared strategies to pro-
tect and restore the lakes, described how these strategies
can benefit people, generated baseline information on spe-
cies and habitats, and are promoting coordinated conser-
vation action. They are intended to provide government
agencies, conservation groups, and local communities with
a common understanding of priority strategies and to di-
rect actions to the most urgent and important issues facing

biodiversity in the Great Lakes. The blueprints also sup-
port several of the annexes of the 2012 Great Lakes Water
Quality Agreement ~Government of the US and Govern-
ment of Canada, 2012!, including establishing baseline and
assessment information that will inform future monitoring
and ecosystem objectives, identifying areas of high ecolog-
ical value and the development of lakewide habitat and
species protection and restoration conservation strategies.

Here we review and compare the four blueprints in terms
of the planning approach and the recommended strategies,
specifically how each defines and evaluates biodiversity,
assesses threats to biodiversity, develops strategies, and iden-
tifies spatial priorities for conservation action. We provide
recommendations based on these plans to address the chal-
lenges associated with conservation planning for such large
and complex—both ecologically and culturally—ecosystems.
Finally, we offer suggestions for more effective application
of these blueprints toward advancing strategic conserva-
tion of biodiversity across the Great Lakes.

Conservation Planning for Great Lakes

Conservation planning treated broadly can be thought of
as comprising two main components: systematic conser-
vation assessment ~identifying priority areas for taking con-
servation action! and development of implementation
strategies ~Knight, Cowling, and Campbell, 2006!. There
have been several efforts to identify priority areas for con-
servation in the Great Lakes, including those by Rodriguez
and Reid ~2001! and The Nature Conservancy ~TNC! and
Nature Conservancy of Canada ~NCC! ~2006!, the latter of
which builds upon and summarizes previous work by TNC
~2000! and NCC ~Henson, Brodribb, and Riley, 2005; Wichert
et al., 2005!. Developing implementation strategies pro-
duces alignment of goals and specifies actions, leading
ultimately to clear responsibilities and accountabilities. The
conservation blueprints have achieved alignment of goals
and needed actions for four of the five Great Lakes, and
provide the basis for coordinating responsibilities and ac-
countabilities as conservation actions proceed.

To develop implementation strategies, each blueprint fol-
lowed the conservation action planning ~CAP! ~TNC, 2007!
process. A basis for the Open Standards for the Practice of
Conservation ~Conservation Measures Partnership, 2013!,
CAP is a proven technique for planning, implementing,
and measuring success for conservation projects. Based on
an adaptive approach to conservation management, the
CAP process helps practitioners focus their conservation
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strategies on clearly defined elements of biodiversity ~or
conservation targets! and threats to these targets. The pro-
cess further leads to creating measures for implementation
success in a manner that will enable practitioners to adapt
and learn over time ~TNC, 2007!. CAP includes four steps
and 14 basic practices in an adaptive management cycle
~Figure 1!:

1. Defining the project, including participants, geographic,
scope and focal conservation targets

2. Developing conservation strategies and measures, in-
cluding assessing the viability of focal conservation tar-
gets, identifying critical threats, and developing strategies
and establishing measures

3. Implementing conservation strategies and measures, which
includes developing work plans, taking action, and mea-
suring results

4. Using the results to adapt and improve future strategies

The Great Lakes blueprints focused on the first two steps
of CAP. The planning processes also enabled us to establish
a foundation for the last two steps ~implementation and
adaptation! by working closely with the respective LAMPs.
Blueprint project teams have promoted adoption of the
recommended strategies as LAMP priorities and incorpo-
ration into ongoing and nascent projects.

Step 1: Defining the Project

Engaging stakeholders

Planning for each lake necessitated inviting the participa-
tion of hundreds of stakeholders, including nongovern-
mental organizations ~NGOs!; natural resource agencies at
the federal, state, provincial, and tribal levels; local and
regional government entities; and universities. Many and
diverse stakeholders are already engaged in the manage-
ment and conservation of each of the Great Lakes. Stake-
holders for each blueprint represent multiple geopolitical
jurisdictions and are broadly distributed geographically.
All of the blueprints involved multiple states and, except
for Lake Michigan, each was binational.

To manage the challenges associated with serving such a
broad set of participants in the planning process ~e.g., cost,
conflicting schedules, travel restrictions!, each project team
established a steering committee of roughly 15–50 members
~reflecting the varying number of state agencies involved!
representing key stakeholders who provided regular input
to the process, enabling less frequent outreach to the full set
of participants. The Lake Ontario and Lake Huron project
teams conducted multiple workshops complimented by we-
binars for steering committee and technical work groups
between workshops. The Lake Michigan and Lake Erie blue-
print project teams built on the work on the previous two
lakes to define targets and assess viability and critical threats.
These teams also held monthly steering committee calls and
convened multiple webinars to complete the initial plan-
ning steps, and held only one workshop, which focused on
strategy development. Project teams, especially for the Lake
Erie and Lake Michigan blueprints, also relied on confer-
ence calls and webinars. All of the projects developed web-
sites for sharing draft maps and reports with participants.

Biodiversity conservation targets

All of the blueprints were similar in project scope, focusing
on the biodiversity in the lakes and coastal areas while
including the entire lake basin to account for watershed
influences on biodiversity. The blueprints defined a mostly
consistent set of seven or eight conservation targets ~Table 1!.
All of the blueprints address nearshore and open-water
systems, which are aquatic systems that are demarcated at
a depth—the specific depth varies among the lakes—of
transition in temperature, dissolved oxygen concentration,
and processes that influence the composition and structure
of their benthic and pelagic communities. Coastal wetlands
and native migratory fish were also recognized as conser-

Figure 1. The conservation action planning ~CAP! process, an
adaptive project management cycle of four steps and fourteen
basic practices ~The Nature Conservancy, 2007!.
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vation targets in all the blueprints, as were islands and
coastal terrestrial systems. The latter target represents the
suite of ecosystems in the coastal area, within 2 km of the
shoreline in the coastal area. Aerial migrants, including
birds, bats, and invertebrates, were a target in all blueprints
except that for Lake Ontario. The Lake Ontario blueprint
was the only one to consider tributaries as a separate tar-
get, and, with the Lake Erie blueprint, was one of two to
name connecting channels ~e.g., the Upper and Lower Ni-
agara River, St. Clair River, and Detroit River! as a target.
The Lake Huron blueprint incorporated the only other
connecting channel—the St. Marys River—as part of the
nearshore zone target.

Addressing regional heterogeneity

Assessing information and planning at broad scales, such
as an entire Great Lake basin, can present challenges for
developing, implementing, and tracking a set of strategies.
Each Great Lake has considerable regional variation in
geology, climate, ecology, economics, governance, human
communities, and dominant land use. The approaches used
to address this variation within each lake and along the
coastal zone evolved from the earliest to most recent blue-
print projects. For the Lake Ontario project, the lake was
not stratified geographically for assessments of target via-
bility and threats to biodiversity. For Lake Huron, these
assessments were stratified differently across targets, de-
pending on the amount of information available for each.
For Lakes Michigan and Erie, the lakes were stratified into
geographic units at two scales: reporting units or basins
that reflect broad patterns of circulation and bathymetry
~five for Lake Michigan and four for Lake Erie!, and within
reporting units, offshore and coastal-nearshore assessment
units ~17 for Lake Michigan and 13 for Lake Erie!. These
assessment units were the basic units of analyses of viabil-
ity of and threats to conservation targets and helped in-
form development of strategies. For all blueprints, coastal
units or watersheds—or both—were also used to report on
the biological significance and condition of several targets
~see the Identifying Priority Areas section!.

Step 2: Developing Biodiversity Conservation
Strategies and Measures

Assessing the viability of biodiversity conservation
targets

Assessing viability entails evaluating the current “health”
and desired future status of each conservation target. The

blueprints were consistent in their approach to this assess-
ment, with some variation in spatial resolution. Project
teams first identified key ecological attributes and indica-
tors for each conservation target. A key ecological attribute
~KEA! is an aspect of a target’s biology or ecology that, if
present, defines a healthy target and, if missing or altered,
would lead to the outright loss or extreme degradation of
that target over time. Indicators are specific measures to
keep track of the status of a KEA. Once the KEAs and
indicators have been established, the next task is to assess
the current status and set the desired status of the indica-
tors and assign each to categories of poor, fair, good, and
very good based on the best understanding of the relation-
ship of the indicator to the condition of the conservation
target. Project teams incorporate the best available infor-
mation from literature and expert opinion on each con-
servation target’s biology and ecology to complete this
assessment.

At the scale of an entire Great Lake, the current overall
viability status of almost all of the conservation targets was
rated as fair, the only exceptions being islands in Lakes
Ontario, Huron, and Michigan, coastal wetlands in Lake
Michigan, and aerial migrants in Lake Erie, all of which
were rated as good ~Table 1; see Table 2 for definitions of
viability ratings!. Consequently, the viability status of each
lake, in its entirety, is also rated as fair. This pattern reflects
that whole-lake viability is calculated as an average of all
the indicator values and that there are large numbers of
indicators for each target.

Comparison of threat assessments

The blueprints employed two different approaches to as-
sess threats to biodiversity. In brief, a threat assessment
involves first identifying the factors that degrade biodiver-

Table 2. Definitions for viability ratings ~TNC, 2007!

Status rating Definition

Poor Restoration increasingly difficult; may result in
extirpation of target

Fair Outside acceptable range of variation; requires
human intervention

Good Indicator within acceptable range of variation;
some intervention required for maintenance

Very good Ecologically desirable status; requires little
intervention for maintenance
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sity conservation targets and then ranking them in order to
focus conservation actions where they are most needed.
The ranking process entails rating threats in terms of their
scope, severity, and irreversibility. Using a rule-based sys-
tem, these ratings are combined to calculate the overall
target–threat rating. The direct threats that are highest
ranked are considered the critical threats ~Conservation
Measures Partnership, 2013!.

The Lake Ontario and Lake Huron project teams identified
and ranked threats during expert workshops, with one
group of experts for each conservation target. They ranked
threats at a whole-lake scale. In contrast, the Lake Michi-
gan and Lake Erie blueprints developed an initial list of
threats by drawing from existing plans ~including previous
blueprints! and seeking further input from their project
steering committees. Then, they conducted online surveys
of experts to rate the scope, severity, and irreversibility of
each threat in each of the reporting units ~major geo-
graphic subunits! in each lake. Finally, the teams combined
individual ratings by using a weighted averaging process to
obtain a final ranked list of threats.

Among the four blueprints, there are patterns in the threats
to conservation targets. Aquatic invasive species ~AIS! ranked
among the top two threats in each of the blueprints and
has the highest average rank across all lakes ~Table 3!.
Incompatible development and climate change also ranked
in the top five in each of the blueprints, and terrestrial
invasive species, dams and other barriers, and non-point-
source pollutants all were consistently ranked high. The
blueprints were not the first efforts to identify these threats
but were the first to connect these threats clearly and
directly to specific conservation targets and provide addi-

tional spatial resolution, thereby establishing a framework
for linking actions to threat abatement and ultimately to
improved viability of conservation targets. Finally, these
threat assessments are in general agreement with other
basinwide assessments ~see Allan et al., 2013!.

Conservation strategies:1 Consistent themes

The purpose of strategy development was to identify what
action is most needed to restore or conserve the biodiversity
of each Great Lake. In addition, the participants in each
planning process wanted to identify the most important
places to deploy these strategies. CAP and the Open Stan-
dards are intended to help planners identify what needs to
be done and the logic for each strategy. To identify where to
take action, planning teams for all four lakes complimented
CAP with priority-area identification based on biological
significance and condition. The methods were consistent
among the four blueprints, with some variation due mainly
to the evolution of tools to aid in articulating strategies.

Technical workshops provided the primary means to select
and develop detailed strategies. Guided by the ranking of
critical threats and recommendations for restoration, each
project team selected the types of strategies to develop. At
the workshops, we divided participants into breakout ses-
sions with 5–15 members to engage in two main steps: first
to brainstorm possible strategies, and second to specify
necessary actions and measurable objectives for the strat-
egies identified as potentially most effective.

To document the conceptual basis for strategies as they
emerged, all project teams used Miradi software ~Conser-
vation Measures Partnership, 2013! that enables users to

Table 3. Threat ratings ~colors! and ranks ~numbers! within each lake for each of the four
completed biodiversity conservation strategiesa

Threat
Lake

Ontario
Lake

Huron
Lake
Erie

Lake
Michigan

Average
rank

Aquatic invasive species 2 1 1 1 1.25
Incompatible development 1 2 5 3 2.75
Climate change 4 3 2 4 3.25
Terrestrial invasive species 8 4 3 2 4.25
Dams and other barriers 3 5 8 5 5.25
Non-point-source pollutants 5 6 4 7 5.50

a Each threat is scored qualitatively based on severity and scope of impact. These scores are combined into an
overall threat rating of very high, high, medium, or low. Ratings are indicated by color: red 5 very high;
orange 5 high; green 5 medium. The relative rank of each threat within one lake is indicated by the number
value. Note: This list includes only those threats ranked in the top five in any one of the blueprints. Also, threat
names were not consistent, so the names presented are representative of the top threats in all blueprints.
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identify indirect factors influencing the selected threat or
restoration need. For each critical threat, we constructed
conceptual diagrams of the current situation, which then
provoked discussion of potential strategies. In some cases,
as many as 20 strategies were proposed by the experts. As
recommended by the Open Standards ~Conservation Mea-
sures Partnership, 2013!, project teams ranked potential
strategies based on feasibility and likely impact, allowing
only priority strategies to be featured in the plans.

In all cases, we recognized that past studies and plans contain
relevant strategies and recommendations.Each plan refers to
previous studies and to other plans, and, in some cases,
adopts and updates strategies from these sources, respond-
ing to changes in conditions, such as new invasive species.

The second step in strategy development involved devel-
oping a theory of change or logic statement for how each
selected strategy will lead to the desired outcome. The
Open Standards provide guidelines for developing a re-
sults chain that enables strategy authors to document
their desired interim results and assumptions in terms of
how one result will facilitate the next. The Lake Huron,
Lake Michigan, and Lake Erie plans provide these dia-
grams, as well as interim objectives and ultimate objec-
tives, for each strategy.

The strategies for the four blueprints cover six themes:
coastal conservation, invasive species, connectivity and hy-
drology, fish restoration, nearshore water quality, and cli-
mate change. Each theme was addressed by two or more
blueprints ~see Table 4!. With respect to traditional land
protection, the Lake Ontario and Lake Huron plans ex-
plicitly list protection strategies for coastal features, whereas
the Lake Michigan and Lake Erie plans address protection
indirectly through the identification of priority areas for
conservation. In the latter two blueprints, direct land pro-
tection strategies did not emerge during the strategy de-
velopment workshops, possibly because of the focus on
broader issues. Next, we highlight key similarities and dif-
ferences within each theme.

Coastal conservation. All four blueprints include strat-
egies intended to improve the effectiveness of land use
planning to address conservation in the coastal zone—
although the means were diverse, including increasing co-
ordination, building local capacity, increasing community
engagement, and building a business case for conservation.

Invasive species. A common emphasis in all the blue-
prints is the need for coordination, particularly of early-

detection and rapid-response actions. The Lake Ontario
and Lake Huron blueprints present a comprehensive set of
strategies for management of aquatic invasive species. The
Lake Michigan and Lake Erie breakout groups took that
work as a foundation and limited their focus to two strat-
egies each. In the Lake Michigan blueprint, the top strategy
is the creation of an interstate agreement for prevention and
management of invasive species, an idea not addressed ex-
plicitly in the other blueprints, perhaps because of the unique
situation of Lake Michigan being entirely in the US.

Connectivity/hydrology. Across all four blueprints, strat-
egies were consistent in calling for cost–benefit analyses to
evaluate connectivity restoration efforts, both to assess risks
from invasive species and pathogen spread and to achieve
the most important ecological outcomes. As expected, some
issues reflected in the strategies particular to individual
Great Lakes are not relevant to all. This is the case for
regulation of water levels in Lake Ontario, which was the
only blueprint with a strategy to restore more natural
lake-level variability after decades of dampened water-level
cycles in that lake.

Fish restoration. The need to restore native fish—both
predators and midlevel prey species—in all four lakes is
clear from the viability assessments of the open water
benthic and pelagic zone, which rated this target as fair.
This rating reflects the lack of lake trout natural reproduc-
tion ~Bronte et al., 2008!, the major disruption of the lower
trophic levels @i.e., disappearance of the invertebrate Di-
poreia and dominance of nonnative mussels ~Vanderploeg
et al., 2012!#, and declines in native fish populations ~Maden-
jian et al., 2012!. The Lake Ontario and Lake Michigan
blueprints include strategies addressing fish restoration.

Nearshore water quality. In all the blueprints, reduc-
tion of non-point-source pollution from agricultural and
urban sources is a featured strategy because of widespread
recognition of the impacts of these pollutants on the near-
shore zone. Indeed, the revised Great Lakes Water Quality
Agreement has its entire Annex 4 devoted to nutrients and
establishes interim substance objectives for phosphorus con-
centrations and total loads in all of the lakes ~Government
of the US and Government of Canada, 2012!. All blueprints
promote increased use of agricultural best management
practices ~BMPs! and target these BMPs to priority areas,
and, in Lakes Huron and Michigan, increased valuation of
ecosystem services to create more incentives for BMP use.
Green infrastructure and other storm-water management
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strategies were identified in the Lake Erie and Lake Mich-
igan blueprints, reflecting a growing awareness of the ben-
efits of these strategies, both to water quality and to other
aspects of quality of life ~cf. Adesoji et al., 2012; Flakne and
Keller, 2012!.

Climate change. Climate change was identified as a top
threat to biodiversity in each of the blueprints, and each
blueprint considered the potential impacts of future climate
conditions on each of the conservation targets, providing
details on important ecological attributes or processes that
are likely to change. So that the strategies would be “climate
smart,” these potential impacts were incorporated into the
assessment of viability and the development of strategies.

The blueprints vary in their approach to addressing the
threat of climate change. Some blueprints identify actions
specific to increasing effectiveness of climate change adap-
tation measures, advocating for greater resiliency through
planning for corridors and identifying most vulnerable
areas. In the Lake Ontario blueprint, one of the top six
recommendations is to plan and adapt for climate change,
and the report lists two strategies related to improving
landscape connectivity and modifying lake-level manage-
ment to incorporate the effects of future climates. The Lake
Huron report provides a conceptual diagram of the rela-
tionship of climate change to conservation targets and
many other threats, such as lower lake levels increasing the
likelihood of nonnative species invading coastal wetlands.
It then incorporates climate change into strategies that
apply to other threats—strategies such as removing dams
and barriers in streams and incorporating resilience into
identifying priorities for ecosystem restoration. Similarly,
the Lake Michigan and Lake Erie blueprints provide a
synopsis of potential climate change impacts but do not
focus on strategies specifically to address climate change.
Rather, climate change impacts and adaptation strategies
were considered and incorporated into other strategies where
relevant. These varying approaches to addressing climate
change in conservation strategies reflect the relatively new
practice of developing climate change adaptation strategies
and the differing levels of understanding of climate change
adaptation by resource managers ~Petersen et al., 2013!.

Identifying Priority Areas

Participants in each blueprint project expressed the desire
for a detailed map of priority conservation areas that fo-
cused primarily on coastal and aquatic systems. Project teams
used slightly different approaches to providing this infor-

mation ~Table 5!. For a subset of conservation targets in
each blueprint, priority areas were considered in terms of
two broadly defined factors: ~a! ecological or biological
significance and ~b! condition, characterized as coastal foot-
print in the Lake Huron blueprint. Coastal terrestrial sys-
tems and coastal wetlands were included in all blueprints,
and additional targets including aerial migrants, tributar-
ies, islands, and migratory fish were considered in some.
The criteria used to assess these two factors differed some-
what as well, and each employed a framework of spatial
planning units, such as coastal units ~defined as the inter-
section of watershed boundaries—quaternary watersheds
in Ontario, and Hydrologic Unit Classification level-11 wa-
tersheds in the US—and the coast, plus 2 km of inland
buffer! rather than predetermined site boundaries ~Table 5!.
The Lake Ontario blueprint also identified priority water-
sheds and nearshore areas.

The Lake Ontario blueprint identifies 23 “Proposed Action
Sites,” mostly watersheds, as well as a few coastal units,
bays, and nearshore areas ~Lake Ontario Biodiversity Strat-
egy Working Group, 2009!. Each site was identified as
important for the conservation of particular targets, and
the blueprint recommends actions for conserving those
targets. The priority areas were identified by experts through
analysis and review of maps of the targets in a series of
workshops, and the blueprint acknowledges gaps in exper-
tise and recommends revisiting the priorities regularly.

The Lake Huron blueprint provides maps of ecological
significance and condition for coastal terrestrial systems,
coastal wetlands, aerial migrants, and islands, and also a
synthesis of these targets stratified among nine subregions
of the lake. These subregional priorities are intended for
use by local practitioners in each part of the lake.

The Lake Erie and Lake Michigan blueprints provide maps
of ecological significance and condition for coastal terres-
trial systems and coastal wetlands, and priority maps for
aerial migrants and islands, but do not synthesize these.
The maps of coastal units are coded on a gradient from
low to high significance or poor to good condition and can
inform practitioners in each region of the lake. Priority
islands for the latter three blueprints were based on a
recent Great Lakes–wide analysis ~Henson et al., 2010!.

Ecosystem Services

The Lake Erie and Lake Michigan blueprints also provide
an initial assessment that addresses two general questions
that were answered through online surveys: ~a! What are
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the most important ecosystem services2 provided by the
lake and its coastal area? ~b! What would be the general
impact of the recommended strategies on the 10 most
important ecosystem services?

Of the 32 ecosystem services considered in the Lake Erie
and Lake Michigan blueprints, the 10 that were ranked
most important in each lake were the same, though they
ranked in slightly different order ~Table 6! ~Pearsall et al.,
2012a,b!. These included recreation and tourism, fresh-
water supply, primary production, aesthetic values, nutri-
ent cycling, water purification and waste treatment, sense
of place, water cycling, and climate regulation.

Lessons Learned and Recommendations

The Great Lakes conservation blueprints, while providing
specific guidance to collaborative, adaptive management of
each lake ecosystem, are also models for the application of
the Open Standards to a large-scale system. Each step of the
planning process involves method choices and interpreta-
tion of results. Listed next are eight recommendations based
on lessons learned from this planning process that have value
for Great Lakes conservation practitioners and well beyond
to anyone involved in landscape-scale conservation planning.

1. Engage Representative Stakeholders.

Although engaging diverse and widely dispersed partici-
pants presents logistical challenges, we found that the ap-
proach of designating a large, representative steering
committee facilitated diverse input. To manage these large,

dispersed committees, we employed monthly conference
calls that enabled more frequent communication than if
we had tried to meet directly. Each Steering Committee
was characterized by a strong core of members who reg-
ularly and substantially contributed to the process. We also
recommend broadening participation and reducing costs
by limited in-person workshops and using webinars and
online surveys, as we did to assess viability and threats in
Lakes Erie and Michigan.

The blueprints are multijurisdictional at national and state
or provincial scales and have engaged a diverse set of
natural resource agency, NGO, and university stakeholders
in their development; however, some groups, such as cor-
porations and municipal officials, were underrepresented.
Their perspective would have helped with strategies for
which local government is the primary locus of resource
use decisions. The blueprints have been strongly supported
by the USEPA and EC, who administer the LAMPs. We
recommend continued stakeholder engagement through
the LAMPs to enable effective, collaborative implementa-
tion in communities across the Great Lakes.

2. Use Stratification Units to Report Results at
Various Spatial Scales and Account for Regional
Heterogeneity, Despite the Extra Effort Involved.

An overall viability assessment on such large, diverse ge-
ographies can mask underlying spatial variation in target
viability and indicator status. The current status of con-
servation targets is mostly consistent among the lakes at a
lake-basin scale. Considerable spatial variability character-
izes some of the targets, reflecting variation in land use,

Table 6. Top ten most important ecosystem services in Lakes Erie and Michigan

Lake Michigan
rank

Lake Erie
rank Service

2 1 Cultural services: recreation and tourism ~lake recreation, wild game, songbirds, other wildlife!
4 2 Supporting services: provision of habitat ~biodiversity support, habitat diversity!
1 3 Provisioning services: fresh water ~water supply!
3 4 Supporting services: primary production ~energy capture, food-chain support, energy flow for fish,

benthic food chain!
6 5 Cultural services: aesthetic values ~aesthetics!

10 6 Supporting services: nutrient cycling ~nutrient storage!
5 7 Regulating services: water purification and waste treatment ~water quality, waste assimilation, ground-

water quality!
9 8 Cultural services: sense of place
7 9 Supporting services: water cycling ~soil moisture storage!
8 10 Regulating services: climate regulation ~carbon storage, moderation of weather extremes!
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climate, and other factors. Some of the blueprints dealt
with this spatial variability through geographic stratifica-
tion of the lakes to provide the most useful information to
practitioners, and to provide comprehensive results by these
smaller units. Still, reporting at a lakewide scale, though
not necessarily useful for local stakeholders, is valuable to
state, provincial, and federal managers and decision mak-
ers and, indeed, is the premise for the SOLEC, which
reports on a comprehensive set of indicators at basinwide
and lake-basin scales ~Environment Canada and US Envi-
ronmental Protection Agency, 2009!.

Stratifying the lakes through use of a hierarchical, ecolog-
ically based set of units in the Lake Michigan and Lake Erie
blueprints provided useful detail in the viability and threat
assessments, such as which indicators and which locations
drive the assessment values. The approach also required
considerably more effort because ratings for viability and
threats at the assessment-unit scale were aggregated to the
reporting units and whole-lake scale. The approach for
aggregating values is not without challenges, as many of
the viability indicators were rated on constructed, rather
than natural, scales. In other words, the indicator values
were assigned to categories ranging from poor to very
good, and then these values were aggregated by using rules
adapted from the Conservation Measures Partnership. We
had few models on which to base this aggregation process
and had to modify the process when we encountered prob-
lems related to averaging values that are not truly quanti-
tative. Even given these challenges, project participants
expressed support for the finer level of detail. Given the
perceived value of the stratified assessments, further re-
finement of the aggregation process is warranted.

3. Viability and Threat Assessments Should Be
Refined as New Information Becomes Available.

There is considerable room for refinement of the viability
and threat assessments as new information becomes avail-
able, and we recommend increased coordination on devel-
opment and monitoring of status indicators for each lake
and among lakes as other initiatives to improve indicators,
such as those by the International Joint Commission ~IJC!,
progress. The IJC is currently developing a short list of
indicators that will be applied at the whole-lake and Great
Lakes–basin scales, building on recent reviews of the SOLEC
indicators; a broader set of indicators to better inform
regional and local managers should be clearly linked to this
short list. Our initial estimates of viability and threats
provide a baseline but, more importantly, highlight some

key data gaps and explicitly tie these assessments to con-
servation strategies.

4. Threat Assessments Should Account for
Professional or Regional Bias.

The transition in threat assessment methodology to a sur-
vey of experts for Lakes Erie and Michigan was intended
both to increase the level of engagement of experts and to
reduce the bias inherent in prior blueprints that employed
a workshop approach to achieve group consensus. The
number of participants in the threat-rating surveys varied
among threats and was generally slightly higher than par-
ticipation in the threat workshops of early blueprints. The
Lake Ontario and Lake Huron project teams recognized
the influence of more dominant or extrovert personalities
among the workshop participants and employed group
facilitation techniques to achieve more equitable partici-
pation. The online surveys used in the later blueprints
enabled all participants to contribute equally, and the project
teams evaluated the expertise of the survey participants,
weighing the responses of those with demonstrated exper-
tise more heavily. This approach incorporates some of the
recommendations by Burgman et al. ~2011! for expert elic-
itation. Although more objective methods of assessing threats
were available ~Allan et al., 2013!, the time line and the
funding restrictions of these planning processes did not
allow for such detailed studies. However, in an adaptive
management framework, revisions of the blueprints can
build upon these threat assessments.

5. Give Equal Weight to Restoration Needs in
Strategy Development.

As is common in CAP, the blueprints focus on abating
critical threats rather than restoring viability. The viability
status in the four Great Lakes assessed so far has been rated
predominantly as fair, reflecting a need for restoration of
many ecological attributes. We recommend that future ap-
plications of this process to large-scale ecosystems evaluate
the potential benefits of restoration of conservation target
viability on an equal basis with threat abatement strategies.
In completing these four blueprints, teams focused almost
exclusively on threat abatement when selecting the top five
topics for strategy development, to the near exclusion of
restoration strategies ~fishery restoration strategies for Lakes
Ontario and Michigan being the only exceptions!. Plans
may not be paying enough attention to restoration needs
integral to improving overall ecosystem health.
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6. Define the Scope of Strategies and Key
Constraints at the Outset.

Four main factors contributed to the selection of specific
strategies to feature in the blueprints: the highest-ranked
threats, input of the steering committees, the particular
experts who participated in the workshops, and what strat-
egies were already being pursued in a given topic area in
each lake. The time available in the workshops and for
phone conferences limited how many strategies could be
developed in any detail—so, while participants brain-
stormed longer lists, the workshop discussions were fo-
cused on those strategies that were thought to have the
greatest potential impact and feasibility. Thus, the blue-
prints are not intended to cover every strategy needed, but
rather to present a priority portfolio of strategies. In a
region where a lot of planning has occurred at multiple
scales, the value of strategy development lies in the reas-
sessment of the priority and feasibility of strategies given
current and predicted circumstances. Two benefits derived
from building on previous conservation planning are en-
hanced visibility for local strategies and greater buy-in
from a diverse planning group. Planning teams also en-
couraged novel strategies, such as building a business case
for coastal conservation in Lake Erie. We recommend the
following two questions be addressed at the outset of the
planning process: First, does the plan need to be compre-
hensive in terms of strategies? If not, then what does the
decision to feature one strategy over another actually mean?
Defining the scope of the strategies will help participants
understand their charge, and this clarity will support
implementation.

7. Priority-Area Identification in the Context of
Conservation Planning for Large Ecosystems
Should Provide General Guidance, Representing a
First Step.

Participants in all four blueprints expressed a desire for
guidance on where to take action to conserve and restore
biodiversity. The information provided by the blueprints
identifies general regions of higher priority but does not
highlight particular tracts or parcels and, in most cases, is
limited to one or a few kinds of strategies ~e.g., for land
and water conservation!. Also, the analyses do not incor-
porate numeric or spatial goals for representation of spe-
cies and natural communities, two parameters that are
often the basis for regional assessments. Still, the informa-
tion can be used by regional and local natural resource
managers and planners to highlight areas within which
particular values—for example, conservation of coastal

wetlands—should be a priority and to consider these local
areas from a lakewide perspective. More rigorous priority
setting at the regional and subregional scales is needed,
such as updating the Binational Blueprint for Conservation
of the Great Lakes ~TNC and NCC, 2006!.

8. Evaluate How Implementing Conservation
Strategies Will Benefit People.

The majority of participants in the ecosystem services sur-
veys for the Lake Erie and Lake Michigan blueprints were
employees of public agencies or NGOs that play some role
in managing or conserving the lakes. Thus, the ecosystem
services assessments provide a broad overview of how one
relatively homogeneous group of people perceives the ben-
efits derived from Lakes Erie and Michigan. The findings
are still valuable in that they provide insight into the rea-
sons behind management decisions or about potential ac-
tions that would have support among that group of people.
A survey of a fuller array of stakeholders may help imple-
mentation of the strategies, especially key financial and
political stakeholders ~e.g., farmers, local officials, charter
captains, and outfitters!. Also, the Open Standards were
revised recently to include human well-being targets at the
outset of a project, which would also help to establish
explicit links among biodiversity, strategies, and human
values.

Conclusions

These biodiversity conservation strategies, mostly consis-
tent in structure and findings, provide a basis and a general
direction for a collaborative, adaptive approach to manag-
ing and conserving four of the five Great Lakes. The strat-
egies define a focus for conservation efforts, identify
ambitious goals, and establish quantitative measures for
tracking progress toward goals. They report on the most
critical threats to biodiversity and articulate strategies and
actions for abating those threats and restoring the lakes. To
varying degrees, they identify priority areas for some con-
servation actions and call for more effective collaboration,
coordinated investments, and accountability.

The blueprints all recommend actions to abate the threats
posed by invasive species ~aquatic and terrestrial!, incom-
patible development, non-point-source pollution, and dams
and other barriers to fish passage, and two recommend
restoration of native fish species. Each blueprint addresses
the threat of climate change, as well: one through adapta-
tion and outreach strategies, and three by incorporating
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climate impacts into other relevant strategies. This consis-
tency among the blueprints reflects a broadly shared un-
derstanding of necessary actions among Great Lakes
managers and conservation practitioners, and each blue-
print provides greater detail that reflects opportunities and
constraints specific to each lake. The blueprints are first
iterations that, to be effective, must be adopted and refined
by their respective stakeholders.

These blueprints address only the initial phases of the
adaptive management process—defining the project and
developing strategies—leaving implementation, monitor-
ing, and adaptation to the stakeholders associated with
each lake. Lake Ontario provides good examples of how
the blueprints are already being adopted and implemented.
First, the Lake Ontario LAMP adopted five of the six rec-
ommendations in the Lake Ontario blueprint, excluding
only adaptation to climate change. Specifically, they chose
to focus on these recommendations: ~a! conserve critical
lands and waters, ~b! reduce the impact of aquatic invasive
species, ~c! restore connections and natural hydrology, ~d!
restore native fish communities and native species, and ~e!
restore the quality of nearshore waters ~Lake Ontario LAMP,
2011!. Equally important is that several of these recommen-
dations are being implemented in New York State ~David
Klein, Senior Field Representative, TNC, personal commu-
nication, 2012!. Ongoing projects include protecting land
in priority watersheds, restoring native fish, developing
recommendations for managing flows in tributary streams,
restoring wetlands in priority watersheds, monitoring wet-
lands in support of a new Lake Ontario water-level man-
agement plan, modeling and surveys for aquatic invasive
species in three states ~which also incorporate the Lake Erie
watershed!, and ground truthing of recent maps of migra-
tory bird stopover habitat. Funding for these projects totals
over $3.8 million and comes from multiple sources, includ-
ing the Great Lakes Restoration Initiative, the North Amer-
ican Wetlands Conservation Act, the National Oceanic and
Atmospheric Administration, and the Great Lakes Protec-
tion Fund.

As Lake Ontario exemplifies, significant progress can be
made when the LAMPs and their associated agencies, part-
ners, and stakeholders adopt the recommendations and
pursue adaptive management. Given that each LAMP will
be updated every five years, one per year, the time is ripe
to integrate goals, measures, and conservation actions that
incorporate biodiversity into the LAMPs. Effective adaptive
management will require continued investment, such as
that provided by the USEPA through the Great Lakes Res-
toration Initiative and by Environment Canada via the

Great Lakes Action Plan and Great Lakes Nutrient Initia-
tive. The blueprints clearly could not have been developed
without investments such as these, and improving long-
term ecological health in the Great Lakes will require con-
tinued investments tied to actions that lead to outcomes
that restore the essential ecological drivers of our Great
Lakes system for the use and enjoyment of all.
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Notes

1. The term strategies here refers to groups of actions designed to restore
natural systems, reduce threats, or develop capacity.

2. Ecosystem services followed the classification of the Millennium Eco-
system Assessment ~Conceptual Framework Working Group, 2003!.
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