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ABSTRACT
Cianci-Gaskill JA, Klug JL, Merrell KC, et  al. 2024. A lake management framework for global 
application: monitoring, restoring, and protecting lakes through community engagement. 
Lake Reserv Manage. 40:66–92.

Despite decades of management and regulation, global freshwater resources remain imperiled. 
Management has had mixed success in restoring degraded lakes and has few mechanisms for 
stopping the decline of high-quality systems. Too often, lake managers play catch-up by 
addressing stressors only after damage occurs or has become entrenched, or make decisions 
without acquiring sufficient information about how a lake might respond to proposed 
management actions. As a tool to address these management challenges, we propose the 
MoReCo (Monitoring, Restoring/Protecting, Community Engagement) lake management 
framework. The framework centers around community engagement, and we outline engagement 
mechanisms in the context of lake management. The framework includes 2 loops: a monitoring 
loop to detect emerging stressors, and a restoring/protecting loop to address stressors that are 
causing or may cause lake degradation. The MoReCo framework builds on the strengths of 
existing natural resource management frameworks and was developed to address the unique 
challenges associated with lake management and protection, as well as those resulting from 
climate change. Specifically, it can address multiple stressors concurrently, which makes it 
simultaneously suitable for ameliorating stressors while also protecting lake ecosystems. The 
MoReCo framework is an interactive and multidirectional process in which management occurs 
even when no stressor is apparent, and it incorporates explicit benchmarks for evaluating 
management actions and determining whether additional measures should be taken. This novel 
lake management framework is suitable to address any stressors that may threaten a lake 
ecosystem, and we present it here as a resource for those who manage freshwater resources.

Globally, lake condition has been declining due 
to a rapidly changing climate (Williamson et  al. 
2009, Woolway and Merchant 2019, Sharma et  al. 
2021) and growing human populations near lakes 
and reservoirs (hereafter lakes), which increase 
pressure on diminishing freshwater resources 

(Vörösmarty et  al. 2013, Settele et  al. 2014). 
Regulatory policies have been developed around 
the world to restore degraded lakes, and manage-
ment plans have been used to implement these 
regulatory policies. However, lake condition con-
tinues to deteriorate across the globe (UNEP 
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2016, Ho et  al. 2019, Jenny et  al. 2020, Albert 
et  al. 2021, USEPA 2022). An overarching decline 
in lake condition is partially because the imple-
mentation of many laws and regulations, like the 
US Clean Water Act, focuses attention and lim-
ited resources on restoring heavily degraded lake 
ecosystems at the expense of protecting 
high-quality lakes and restoring those that are 
minimally degraded (Zellmer and Glicksman 
2013, Spears et  al. 2022). Another reason for the 
deterioration of aquatic resources may be because 
of exemption clauses, regulatory flexibility, and 
the unwillingness or inability of regulators to 
hold bad actors accountable (Andreen 2007, 
Andreen 2013, Green et  al. 2013, Starke and Van 
Rijswick 2021). Management plans may also fail 
when they attempt to use a one-size-fits-all 
approach that does not consider how a stressor 
may respond to different management actions. 
Technical expertise is essential because it informs 
the evidence-based decision making necessary for 
restoration to succeed (Williams and Brown 
2016). The fact that many of today’s lake man-
agement challenges are complex problems with-
out simple solutions means that we need a new 
approach to protect high quality, and restore 
degraded, aquatic ecosystems and the wealth of 
ecological services they provide (Rittel and 
Webber 1973, Sterner et  al. 2020).

Here, we introduce the MoReCo (Monitoring, 
Restoring/Protecting, Community Engagement) 
framework (Fig. 1). This framework builds on 
existing management frameworks and is designed 
to be holistic and broadly applicable to any 
stressor that occurs in a lake or watershed any-
where in the world. The MoReCo framework 
addresses multiple stressors simultaneously, pro-
vides mechanisms for community engagement, 
evaluates success using predetermined thresholds, 
and is designed to be a continuous loop so that 
users of the framework can begin at any step and 
continue management after a stressor has been 
addressed. While the MoReCo framework is pre-
sented as unidirectional (Fig. 1), managers may 
go back and forth between steps and incorporate 
aspects from one step into others. For example, 
while mechanisms for community engagement are 
described in the community axis, there are many 
instances where community engagement may also 
be appropriate in other steps (e.g., community 
science in water quality monitoring; community 
invasive species removal efforts for restoration). 
We are not aware of any other lake management 
framework with similar characteristics. The 
MoReCo framework is composed of 3 main sec-
tions: (a) the Community Engagement Axis, 
which outlines community engagement, public 
participation, and prioritization of management 

Figure 1.  MoReCo (Monitoring, Restoring/Protecting, Community Engagement) lake management framework diagram consisting of a 
Community Engagement Axis (C1–C4) surrounded by 2 loops, the Monitoring Ecosystem State Loop (M1–M5) and Restoring/Protecting 
Ecosystem State Loop (RP1–RP5). Although the steps of the framework are presented in a sequential fashion, there will be cases 
where the process will require revisiting earlier steps (e.g., during RP3 it may be necessary to move back to C2 and C3 to gather 
community input). For clarity, we have not included these instances in the diagram; rather, examples are discussed in the text.
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issues; (b) the Monitoring Ecosystem State Loop, 
which establishes baseline conditions and sets 
targets; and (c) the Restoring or Protecting 
Ecosystem State Loop, which describes the steps 
required to develop and implement a successful 
management plan. To illustrate how these steps 
might be implemented, we provide a fictitious 
example of a common stressor to lake condi-
tion, in this case an invasive plant (Boxes 1–3). 
This article focuses on improving lake condi-
tion by addressing environmental stressors; 
however, the framework would also be suitable 
for human-centered issues (e.g., lake access and 
recreation). The MoReCo framework is intended 
for lake managers, defined as anyone involved in 
lake ecosystem restoration and protection, and we 
believe it will be a useful tool for preparing for 
and adapting to a rapidly changing climate.

The MoReCo framework

Community axis (C1–C4)

The central axis of the MoReCo framework iden-
tifies the importance of community engagement 
for successful natural resource management 
(Chidammodzi and Muhandiki 2015) and out-
lines different levels of interaction. We acknowl-
edge that there is no one-size-fits-all approach to 
community engagement and aim to provide a 
tool that works across the range of what commu-
nity engagement might look like in lake manage-
ment. Community engagement has several 
recognized benefits, such as obtaining public sup-
port for management objectives and actions, and 
fostering public involvement in the implementa-
tion of management plans beyond the tenure of 
individual managers or government officials 
(Fitchett et  al. 2020). We use the term “commu-
nity engagement” to refer to interactions between 
traditional managers or decision makers and 
actors who will be impacted by management 
decisions.

We define community engagement as a broad 
category that includes communication (informing 
the public via unidirectional transfer of informa-
tion from managers to communities, or via  
public science education efforts), consultation  
(public feedback and bidirectional communication 

between community members and managers), 
and participation (Rowe and Frewer 2005). We 
further subcategorize community participation, 
differentiating between mechanisms to facilitate 
co-management and direct public participation in 
agenda setting, decision making, and policy for-
mation (Rowe and Frewer 2000), and mecha-
nisms for involving community members in the 
other stages of the MoReCo framework (e.g., 
community science methods to assist in moni-
toring, volunteer actions to restore or protect 
the desired ecosystem condition, public partici-
pation in adaptive management experiments; 
Aceves-Bueno et  al. 2015, Creed et  al. 2018). 
While these categories are not mutually exclusive 
and can each be adopted throughout the various 
stages of our framework, differentiating between 
them can help managers select from a range of 
engagement pathways and mechanisms best suited 
to their local contexts (Table 1). We consider our 
framing of community engagement to be consis-
tent with similar concepts such as translational 
ecology (Lawson et  al. 2017), public participation 
in scientific research (Dickinson et  al. 2012), and 
community-based monitoring for common pool 
resource management (Conrad and Daoust 2008, 
Slough et  al. 2021).

Our framework proposes 4 steps to operation-
alize engagement in the Community Axis. To 
start, community members must be identified 
(C1). Then, appropriate channels, pathways, and 
engagement mechanisms should be selected (C2). 
Through these engagement mechanisms, manag-
ers will seek community input and then prioritize 
goals if multiple or conflicting issues or concerns 
arise (C3). Once the goals and priorities for the 
lake are clear, these can be combined with knowl-
edge of ecosystem state to evaluate whether cur-
rent ecosystem conditions align with the 
prioritized goals (C4). The result of the evalua-
tion directs the process toward either the 
Monitoring Loop or the Restoring/Protecting 
Loop, which are described in the Monitoring 
Ecosystem State Loop (M1–M5) and Restoring or 
Protecting Ecosystem State Loop (RP1–RP5) sec-
tions, respectively. After these loops, the frame-
work can be used iteratively by reinitiating the 
Community Axis stages and the subsequent 
loops again.
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C1: Identify community members

Extensive and comprehensive engagement is cru-
cial in successful lake management to ensure 
decision making is well informed (Reed 2008, 
Fitchett et  al. 2020, Smyth et  al. 2021). Effective 
engagement requires the identification of com-
munity partners who will be contacted and 
included in discussions about management objec-
tives, approaches, and priorities. Partners are 
sometimes identified based on managers’ tacit 
intuition through key informants, previous expe-
rience working with community members in sim-
ilar areas or on similar issues, or the use of media 
(e.g., traditional news media, social media, online 
searching). Community partners can also be 
self-selected, whereby groups or members of the 
public present themselves to managers as relevant 
actors who should be engaged with and looped 
into the decision-making process (Colvin et  al. 
2016). Following upon the rights of nature move-
ment (Ryan et  al. 2020), some countries have 
attempted to expand the definition of who counts 

as a stakeholder beyond individuals, groups, and 
networks by considering lakes themselves as pos-
sessing distinct rights and interests that can be 
defended (O’Donnell and Talbot-Jones 2018). 
Potential community partners can be identified 
through methods of stakeholder analysis (Vogler 
et  al. 2017, Bendtsen et  al. 2021) based on a 
range of criteria, including geographical scope 
(e.g., anyone located within a predefined area can 
be engaged with; Colvin et  al. 2016), interests 
(i.e., those who have a financial, moral, lifestyle, 
or place-based interest in the management issue, 
which can include nonresident visitors and lake 
users), or influence (i.e., those who have the 
power to influence management).

Stakeholder mapping is an approach to iden-
tify potential community partners that can be 
plotted on a power/interest matrix (Newcombe 
2003). In a lake management context, this could 
involve identifying the intensity of a group’s 
impact on the lake and determining how much 
the lake impacts them. Social network analysis is 
another recognized method for identifying and 

Table 1. A pproaches to community engagement.
Mode Mechanisms Lake Context References

Communication 
(Type 1)

Signage; pamphlets and documents; news media; 
social media; presentations at regional meetings; 
visiting experts at lake association meetings

An invasive plant has just been detected, prompting 
immediate communication campaigns with 
signage and social media related to a need to 
clean, drain, and dry boats to prevent further 
spread.

Rowe and Frewer 
(2000), Rowe and 
Frewer (2005)

Consultation (Type 
2)

Electronic consultation; consultation documents; 
focus groups; interviews; town halls and public 
hearings; scenario workshops; public opinion 
surveys (e.g., opinion polls, multiple choice 
questionnaires, semi-structured surveys); 
game-based education workshops

New lake management plans, bylaws, or policies are 
being considered at slightly longer timescales, or 
in regions located near heavily impacted areas but 
that are not yet themselves heavily impacted. An 
invasive plant has just been detected in several 
nearby lakes, and lake managers want to develop 
a management plan to address plant if/when it 
arrives. Need knowledge from community 
members on the level of concern and whether 
they think management is needed.

Nygrén (2019), 
Armstrong et  al. 
(2021)

Participation: 
Decision making 
(Type 3)

Co-created lake management plans; cooperatively 
led planning approaches; study circles; public 
representation on local watershed councils; 
stakeholder research planning involvement; 
stakeholder-led cooperative planning methods; 
consensus conferences, citizens jury/panel; 
negotiated rulemaking; action planning 
workshop; scenario workshops; task force; town/
regional meeting with voting; referenda

New lake management plans, bylaws, or policies with 
somewhat longer timeframe/scales, or in regions 
located near heavily impacted areas but that are 
not yet highly impacted themselves. In a situation 
where new regulations are appropriate for 
managing the invasive plant.

Rowe and Frewer 
(2000), Rowe and 
Frewer (2005), 
Bucchi (2009), 
Safford et  al. 
(2009)

Participation: 
Monitoring and 
management 
(Type 4)

Community science for baseline monitoring (e.g., 
sampling to evaluate lake condition, 
impact-oriented lake condition sampling, 
invasive species surveys); public participation in 
ecological restoration or conservation (e.g., 
shoreline restoration, wetland restoration, 
habitat construction, and invasive species 
removal)

In an already heavily impacted condition, remove the 
invasive plant. In a situation where the spread of 
the species is unknown, develop a monitoring 
program to survey the extent of the invasion. In a 
situation where the infestation is new and small, 
rapid eradication and spread prevention are 
implemented.

Hecker et  al. (2018), 
Fitchett et  al. 
(2020), Moshi et al 
(2022), Peeters 
et  al. (2022)

The mechanisms behind each mode of communication are listed. Lake context, or situations in which each mode of communication might be most appropriate, 
are illustrated using the example of an invasive aquatic plant being discovered in a fictitious lake presented elsewhere in this manuscript (Boxes 1–3).
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communicating with community members and 
groups, using sociograms to represent relation-
ships within networks (Sharpe et  al. 2021).

C2: Engage with community members on the state 
of the lake

During this step, managers identify and imple-
ment appropriate mechanisms for engaging com-
munities or gathering public input (Table 1). The 
engagement mechanisms chosen will depend on 
the characteristics of the specific issue, the num-
ber of expected participants, the diversity of com-
munity participants, the nature of their relationship 
to the lake, the resources available for participa-
tion, and the circumstances under which public 
input is useful for setting agendas, informing 
decisions, or influencing policy (Rowe and Frewer 
2000, 2005, Bucchi 2009). Not every engagement 
mechanism will be appropriate in all situations, 
but we present 4 types of mechanisms (Table 1) 
that could be used across the range of commu-
nity engagement that is required. In some cir-
cumstances, the urgency of the issue may require 
a rapid response from managers, which may 
make it challenging to engage with communities 
and rights-holders in all stages of the Community 
Engagement Axis. In these cases, managers may 
focus on the communication dimensions of pub-
lic engagement, particularly those strategies that 
emphasize the rapid dissemination of communi-
cation over more extended and open dialog (Table 
1). If the problem faced by the lake could justifi-
ably be better served by unidirectional approaches 
to communication, then managers may skip C3 
and C4 of the engagement process and initiate 
the Monitoring or Restoring/Protecting loops, 
and then reinitiate the loop cycle after the most 
urgent and timely problem has been addressed. 
Even in those select cases where the urgency of 
the issue leads managers to decide to adopt uni-
directional communication strategies at earlier 
stages, managers may still decide to adopt more 
active forms of community engagement during 
the rest of the Community Engagement loop, as 
well as during the Monitoring and Restoring/
Protecting stages (e.g., community science meth-
ods for water quality monitoring; community 
events for restoration actions).

Different timeframes and scales can impact the 
selection of appropriate engagement mechanisms. 
Each type of engagement can include a bidirec-
tional educational component to ensure that 
community members are well informed and 
understand the ramifications associated with each 
decision, and that managers are educated about 
community concerns. The form this education 
may take will also vary by timeframe and scale. 
Soliciting public opinion through surveys or 
sending expert representatives to lake association 
meetings can be conducted in the short term, 
while constructing forums for participatory deci-
sion making or instituting community science 
programs for baseline monitoring is often only 
possible at longer timescales. Managers should 
avoid selecting by default either the lowest level 
of public engagement (based on the assumption 
that doing so will be the simplest or most 
cost-effective choice) or the highest level of pub-
lic engagement (based on the assumption that 
this will lead to greater public buy-in of remedial 
or regulatory options). More complex issues may 
require more extensive public engagement mech-
anisms, but granting the community more con-
trol over decision-making processes does not 
always lead to better ecological restoration out-
comes and may delay remedial or regulatory 
actions that might otherwise have been taken 
sooner if the problem is perceived to be too 
costly to resolve (Few et  al. 2011). At the same 
time, even in circumstances where the urgency of 
the problem could preclude managers from 
actively engaging communities at all stages of 
the decision-making and priority-setting pro-
cesses, they must understand local values, prior-
ities, and concerns, so that communication 
strategies can be effectively tailored to the spe-
cific social and cultural contexts of the various 
groups. In cases where community groups are 
comprised of marginalized populations who 
may face cultural constraints to engagement in 
environmental issues, and who may find that 
conventional discourse around water manage-
ment lacks relevance to their community, it is 
especially important for managers to understand 
the varying goals and values of different com-
munity groups (Pradhananga et  al. 2019). 
Understanding these values, effectively engaging 
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with them, and establishing trust with communi-
ties can be a lengthy and complex process that 
often necessitates more co-designed and partici-
patory mechanisms at all stages of the commu-
nity engagement process (Pateman et  al. 2021).

C3: Assemble and prioritize community concerns

Although joint decision making and community 
consensus may be the desired outcome of the C2 
engagement process, soliciting public input may 
result in a long list of contradictory or opposi-
tional priorities. The MoReCo framework is 
designed to address a variety of environmental 
and human-centered stressors, but balancing or 
prioritizing public input is a challenge that 
accompanies public engagement in environmental 
management and often involves negotiating over-
lapping or competing interests and values (Sharpe 
et  al. 2021). Due to the complexity and political 
nature of problems that arise from competing 
values, resolutions can be difficult, and potential 
solutions may be temporary and imperfect (Rittel 
and Webber 1973).

Sharpe et  al. (2021) suggest adopting formal 
criteria for operationalizing the prioritization of 
public concerns. Managers can prioritize commu-
nity concerns based on the magnitude of impact; 
the probability of impact; the urgency/temporal 
immediacy of impact; the proximity of commu-
nity members to the issue; and the economic 
interest, rights, fairness, and interests of under-
represented/underserved populations. Public input 
can be scored according to criteria and analyzed 
using multicriteria decision-making analysis soft-
ware, which provides decision makers with a 
transparent and replicable method for consider-
ing and visualizing a range of metrics and criteria 
(Bourne 2022).

C4: Evaluate current ecosystem state to 
community values/knowledge

Through the engagement processes outlined in 
the preceding steps, lake managers can gather 
and analyze information about the values of lakes 
that are relevant to local communities. Such val-
ues can, for instance, be mapped in the context 
of the Intergovernmental Platform on Biodiversity 

and Ecosystem Services (IPBES) Nature Futures 
Framework, which identifies instrumental, intrin-
sic, and relational values of nature, and especially 
how these values interact (Pereira 2020, Kuiper 
et  al. 2022). If the identified values may be con-
flicting or threatened in the current situation, 
managers can use knowledge gained through 
community engagement to determine whether 
immediate management action is needed to bring 
the lake’s state into alignment with desired values, 
or whether more information is needed before 
further management action is taken. In a situa-
tion where there is insufficient knowledge on the 
state and drivers of the lake due to data defi-
ciency, managers will initiate the Monitoring 
Ecosystem State Loop (M1–M5). If managers 
already possess sufficient data about the condi-
tion of the lake, and decide that immediate action 
is warranted, management will proceed to the 
Restoring or Protecting Ecosystem State Loop 
(RP1–RP5).

The MoReCo framework is designed to con-
sider multiple stressors simultaneously, so it is 
possible for managers to pursue various issues in 
each loop. Often, a scenario occurs where man-
agers are working on different steps for different 
stressors. By compiling and prioritizing commu-
nity concerns (C3), managers can draw on local 
knowledge and values to determine which issues 
require immediate attention and which should be 
monitored for future assessment. Public engage-
ment also raises questions about who is in charge 
and the extent to which communities can actively 
influence or determine manager’s decisions.

Under Type 1 and Type 2 scenarios (Communication 
and Consultation, Table 1), community engage-
ment is framed as mechanisms for soliciting 
information that informs decisions made by man-
agers. Type 3 and Type 4 scenarios (Decision 
Making and Management Participation, Table 1) 
open the possibility for delegated power, where 
community partners can become decision mak-
ers. When deciding which mechanisms to adopt 
for community involvement, the various possibil-
ities of public participation in decision making 
should be considered. Although the framework 
differentiates engagement, monitoring, and restor-
ing as 3 distinct stages, it is important to note 
that community engagement can also occur 
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within the other loops. Managers, for instance, 
may coordinate community science programs or 
community-based water monitoring initiatives 
with community partners across the Monitoring 
Ecosystem State Loop. Communities can also be 
engaged in the Restoring or Protecting Ecosystem 
State Loop through community-based conserva-
tion initiatives including invasive species removal 
efforts, shoreline naturalization planting days, or 
community outreach to instigate collective action 
to reduce nutrient input or other stressors that 
may be contributing to a deviation from the 
desired ecosystem state.

Monitoring Ecosystem State Loop (M1–M5)

Moving clockwise from the bottom of the 
Community Engagement Axis, the loop outlines 
the process for assessing and monitoring lake con-
dition to capture whether it meets management 

goals and local values. This loop may also be an 
entry point into the framework if there are not 
enough existing data to begin the community 
engagement process. The process relies on the 
selection of specific lake condition parameters that 
will be monitored to assess whether the lake cur-
rently meets and is expected to continue to deliver 
the values identified during the engagement pro-
cess. Depending on the selected values being 
managed, there are numerous lake condition 
parameters that can be used as indicators to assess 
lake condition (Seelen et  al. 2021). Selecting cor-
rect indicators is critical for evidence-based deci-
sion making, so managers should not hesitate to 
revisit indicators with each iteration of the frame-
work, as new information becomes available.

Our framework proposes to first identify refer-
ence conditions for the lake that reflect condi-
tions before human disturbance (M1). These 
reference conditions are not a threshold but are 
instead the historical range for any given condi-
tion to better reflect environmental variability. 
Reference conditions do not necessarily reflect 
the ultimate goal for lake restoration, but they 
help managers gain an understanding of what is 
possible and feasible in a system.

Once reference conditions are determined, 
managers select parameters that indicate compli-
ance with acceptable conditions (compliance indi-
cators) and parameters that indicate that 
conditions are at risk of falling outside the accept-
able range (detection indicators, M2; Cairns et  al. 
1993; Table 2). Target values are set for each 
compliance indicator (M3). These target values 
should be used to objectively determine whether 
an indicator is in an acceptable condition, which 
often means that targets will be numeric thresh-
olds. A key point here is that target conditions 
will not necessarily fall within the reference con-
dition range if it is determined that delivery of 
desired values and services from the lake can be 
achieved without restoration to conditions before 
human disturbance. The next step in this loop 
requires development of a lake condition moni-
toring program that is specifically designed to 
quantify compliance and detection indicators 
(M4). Lastly, the state of the lake ecosystem is 
assessed using the quantified indicator values and 
information is provided to the community (see 

Box 1: Lake management example—the Community 
Engagement Axis (C1–C4).

While boating, a local resident took a photo of an unfamiliar 
plant and sent it to the local lake association (LLA). The LLA 
then forwarded it to the regional management agency (RMA), 
which identified the subject of the photo as a noxious, invasive 
aquatic plant. In partnership with local town boards, business 
groups, recreational user groups, and lake associations, the RMA 
compiled a list of community members and sent them a press 
release about the discovery (C1). The LLA called a public 
meeting at which an invasive plant specialist presented on the 
potential risks of uncontrolled growth and treatment options. A 
local government official moderated the discussion to identify 
community concerns. The RMA then sent surveys to the local 
tourism industry, local fishing organizations, and lakefront 
property owners, and posted notices requesting public comment 
in the local newspaper and through social media (C2). Feedback 
indicated community concerns about unusable beaches, clogged 
propellers, native plant diversity, and tourism impacts. Some 
strongly opposed the use of herbicide, while others were 
concerned about the effects that not treating would have on 
native plants or fish habitat. Concerns were also expressed 
about the local economy if the lake were closed to boats from 
outside to prevent spread. A few disputed the potential 
magnitude of the problem and favored no action (C3). From this 
process, several competing values were identified: preserving 
fish habitat, protecting native plants to support biodiversity, 
maintaining high-quality boating/swimming and high property 
values, and promoting tourism. Regional regulations mandate 
the preservation or restoration of aquatic life; thus, the RMA 
communicated to the public that fish habitat preservation and 
native plant protection should be the legal priorities. Community 
members agreed that maintaining high-quality boating/
swimming was the next priority, which would also maintain 
tourism and property values. It was determined that the 
community did not have enough information to determine 
whether the current state of the ecosystem supported the 
priority values. Based on knowledge of the plant’s impacts on 
other lakes, community members recognized that values were 
threatened, and further action was needed (C4).
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Community Engagement Axis). Once a sufficient 
dataset is established, monitoring, with the con-
tinuous interpretation of gathered data, also 
enables managers to identify emerging threats to 
the values and priorities identified by the com-
munities. These threats can be addressed in the 
Restoring or Protecting Ecosystem State Loop 
before they affect those values.

M1: Define the reference condition

The Monitoring Ecosystem State Loop begins by 
defining reference conditions for use in the lake 
management process. Knowing the historical 
range of conditions in a lake can help managers 
avoid setting targets (M3) that are unachievable 
(Dodds et  al. 2006). When watersheds have been 
severely altered from historical conditions, main-
tenance of, or restoration to, reference conditions 
of minimal disturbance may not be possible. In 

such cases it may be possible to set targets to 
maintain or restore basic ecosystem processes in 
the lake in a manner that meets community val-
ues without restoring an ecosystem to refer-
ence conditions. Knowing whether it is possible 
to restore a lake back to reference conditions, 
rehabilitate it to acceptable conditions, or 
ensure its function as a healthy, resilient eco-
system will inform the next 2 steps (selecting 
detection and compliance indicators, and set-
ting target conditions).

Many existing lake management programs 
rely on the concept of reference conditions to 
help set goals and recovery targets. For exam-
ple, the European Water Framework Directive 
(WFD 2000) and the US Clean Water Act 
require member states to establish reference 
conditions for a range of water quality parame-
ters (Gibson et  al. 2000). The reference condi-
tion generally refers to the variability of a 
parameter in a lake that is minimally disturbed 
by human activities, given the lake type and 
general physical, hydrological, and watershed 
characteristics (WFD 2003). Both the US Clean 
Water Act and the EU Water Framework 
Directive have been criticized for their reliance 
on the reference-based approach (Adler 2010, 
Bouleau and Pont 2015), which, critics argue, 
does not consider the shifting nature of ecosys-
tems or the importance of achieving resilient 
systems that provide desired ecosystem services. 
We include reference conditions in our frame-
work because of their pervasiveness throughout 
legislation but acknowledge criticism of the use 
of reference conditions and emphasize that their 
role in our framework is to provide a range of 
values that reflect pre-stressor conditions. 
Reference conditions do not necessarily repre-
sent the goal that restoration actions should try 
to achieve. Instead, the numerical value of the 
reference condition and/or ecosystem health 
will inform M3 to set achievable targets for 
ecosystem state.

Several methods have been used to establish 
reference conditions. In some cases, data from 
many lakes are pooled to determine the numeri-
cal values of a parameter in the least disturbed 
systems. For example, Dodds et  al. (2006) used 
data from 220 lakes in Kansas, United States, to 

Table 2. T hree types of indicators referred to in the MoReCo 
framework.
Indicator Description Example

Compliance Compliance indicators 
are thresholds used 
to determine 
whether conditions 
are acceptable. If 
conditions are 
measured on one 
side of the threshold, 
they are considered 
acceptable, but if on 
the other side, a 
failure to meet 
management 
objectives is 
assumed.

Maintaining an average 
annual Secchi disk 
depth at a 
predetermined value 
appropriate for the 
study system may be 
used as an indicator of 
compliance with water 
clarity goals.

Diagnostic Diagnostic indicators 
relate to the stressor 
and can provide 
insight into why the 
stressor exceeds 
established 
thresholds.

Chlorophyll a is one 
diagnostic indicator for 
Secchi disk depth. 
These parameters are 
often correlated, so 
increases in chlorophyll 
a concentration may 
suggest that water 
clarity goals are not 
being met because of 
high algal biomass.

Detection (called 
early warning 
indicator in 
Cairns et  al. 
1993)

Detection indicators 
identify when 
conditions begin to 
decline, but before 
they have 
deteriorated to 
where compliance 
indicators are 
affected.

Phosphorus concentrations 
above a threshold may 
be an early warning 
indicator of lake 
condition degradation, 
even if the average 
annual Secchi disk 
depth is above the 
compliance indicator.

The description of each indicator is modified from Cairns et  al. (1993). We 
provide an example of each type of indicator, as it might apply to lake 
management.
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establish reference conditions for total nitrogen 
(TN) and total phosphorus (TP) concentrations. 
In other cases, sediment core data within a lake 
can be used to establish historical reference con-
ditions (e.g., Bennion et  al. 2010). For some 
parameters, the reference condition may be the 
absence of a chemical or biological parameter. 
For example, the European Water Framework 
Directive states that the reference condition for 
certain synthetic pollutants should be set to near 
zero or below detection levels (WFD 2003). 
Similarly, the reference condition for an invasive 
species may be set at zero. Defining reference 
conditions for other biological indicators, such as 
percent native species or integrity of the food 
web, may be more data intensive and require col-
lection of substantial data on the diversity, abun-
dance, and biomass of organisms across multiple 
levels of the food web.

M2: Select and refine detection and compliance 
indicators

Once reference conditions are established, man-
agers will select indicator variables that will be 
monitored to assess whether the lake is within 
the range of acceptable conditions for the use or 
value being managed, as well as variables that 
will help detect potential threats to that use. 
What is deemed acceptable should relate to the 
community values and priorities identified in C3 
and C4. While reference conditions are important 
to establish expected variations within the lake, 
they must be considered along with community 
values when determining indicators for detection 
and compliance. The definition and usage of the 
term “indicator” varies across the field of envi-
ronmental management, which can lead to confu-
sion and misunderstanding (Heink and Kowarik 
2010). In this framework, we use the approach 
detailed by Cairns et  al. 1993 (Table 2). In some 
cases, managers may select indicators that have 
already been developed (e.g., Nürnberg 1996); in 
other cases, indicator variables may need to be 
developed or adapted (e.g., Becker et  al. 2018). 
Using established variables and standard  
protocols, when possible, will allow for compari-
son across lakes. If the use or value is based  
on a single measurable parameter, for example, 

cyanotoxins in drinking water or mercury in fish 
(Table 3), the compliance indicator may be a 
direct measure of the parameter of interest. In 
other cases, such as in US states that have desig-
nated aquatic life uses, the compliance indicator 
may be an indirect measure of use (e.g., alkalin-
ity; Table 3). In some cases, the same indicator 
variable can be used for monitoring multiple 
uses. For example, Secchi disk depth may be used 
as a compliance indicator for the value of clear 
water (aesthetic use) and habitat for aquatic life 
(biotic use) and as a detection indicator for the 
value of clean drinking water (water supply use).

Variables should be selected based on their abil-
ity to directly assess compliance with lake condi-
tion goals and detect future threats. The process of 
selecting indicators for compliance and detection 
may appear straightforward, but their selection 
requires careful consideration to ensure that they 
meet the needs of current monitoring goals, as 
well as long-term continuity and comparison with 
larger scale monitoring efforts (Niemi and 
McDonald 2004). Indicator selection may be con-
strained by factors such as cost, technical capabil-
ities, regulatory requirements, and site access 
(Cairns et  al. 1993, Larson et  al. 2020). In addi-
tion, managers should consider using a range of 
detection indicators to capture potential threats 
not yet identified through the Community 
Engagement process. Niemi and McDonald (2004) 
and Larson et  al. (2020) provide recommendations 

Table 3. E xample indicators used to assess and monitor lake 
condition based on values and goals.
Lake condition value/goal Example indicators and reference

Lake conditions support 
healthy aquatic life

Indices of biotic integrity for:
•	 Benthic macroinvertebrates (Blocksom 

et  al. 2002)
•	 Fish (Bacigalupi et  al. 2021)
•	 Phytoplankton (Zhu et  al. 2021)
•	 Aquatic plants (Mikulyuk et  al. 2017)
•	 Benthic diatoms (Bennion et  al. 2014)

Clean drinking water Microcystin concentration (AWWA 2016, 
USEPA 2019, WHO 2022), chloride 
concentration (USEPA 2023)

Fish are safe to eat Metal concentrations in fish tissue (Whittier 
et  al. 2002)

Early detection or 
prevention of invasive 
species

Field surveys (Larson et  al. 2020), eDNA 
(Larson et  al. 2020)

Water is safe for 
swimming

Escherichia coli concentration (WHO 2021), 
index for contact recreation (Lopes et  al. 
2020), microcystin and chlorophyll a 
concentration (RIVM 2020, WHO 2021), 
Secchi disk depth (Environment Canada 
1972)
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on factors to consider when selecting indicator 
variables.

M3: Set target conditions

Numerical targets, or target conditions, will be 
set for each of the compliance indicators defined 
in M2. In addition to the values identified 
through community engagement (C4), target 
conditions should consider what is technically 
feasible to achieve, given land use in the water-
shed, historical reference conditions, and degree 
of anticipated compliance and implementation. 
Setting target conditions translates desired values 
into a shared image, and quantifies the resto-
ration required to achieve that image. In some 
cases, desired values and benefits may reflect 
historical reference conditions, although they 
may also demand a different ecological quality 
than that of the past (Bouleau and Pont 2015). 
Numerical targets are often thought of in the 
context of pollution control, but they are also 
used to measure ecosystem integrity, such as a 
measure of the biological community. The details 
of how each indicator is quantitatively assessed 
to determine compliance may vary based on the 
nature of the indicator. Some indicators may be 
relatively simple to evaluate based on a numeri-
cal range of acceptable values, while other indi-
cators may require more complex processes for 
assessment, such as multivariate analysis of com-
munity structure compared to reference sites 
with similar natural/desired characteristics or 
historical conditions.

Indicator variables for lake state, like chloro-
phyll a concentration (Chl-a), Secchi disk depth, 
or nutrient concentrations, are commonly used 
because they are relatively simple and can be 
easily monitored using established methods 
(Stefan et  al. 1996, Rose et  al. 2009, Markogianni 
et  al. 2022). These variables are also less resource 
intensive than collecting detailed data on  
he biological community, such as phytoplank-
ton community structure. Often, targets are 
set by laws or regulations that are reassessed 
periodically as monitoring continues and eco-
system conditions change. The European Water 
Framework Directive and total maximum daily 
loads (TMDLs), which are part of the US Clean 

Water Act, are examples that include mecha-
nisms allowing for target condition to change as 
more data are collected and variability within the 
system is better understood.

M4: Collect data and monitor detection and 
compliance indicators

Monitoring programs should be designed to 
specifically address the information needs of 
resource managers by tracking key indicator 
variables (M2) at representative sites. The defi-
nition of representative indicators and the scope 
of the monitoring program may vary in terms 
of spatial and temporal resolution, depending 
on the nature and scale of the stressor in each 
lake. A monitoring program designed to evalu-
ate ecosystem conditions for a relatively 
small-scale, site-specific, and/or short-term res-
toration project will be different from a pro-
gram designed to track average conditions over 
the long term. Furthermore, monitoring differ-
ent zones within a lake (e.g., nearshore vs. off-
shore) will require different sampling frequencies 
to assess indicator variables, depending on how 
much conditions vary in that zone. Once a 
thorough understanding of the interannual vari-
ation in monitoring parameters has been 
acquired, these data may also help managers 
identify emerging stressors.

Monitoring programs can be established 
according to a wide variety of sampling designs, 
depending on the goal and scope of the moni-
toring needs. For example, to routinely monitor 
the Laurentian Great Lakes, both the US 
Environmental Protection Agency (EPA) Great 
Lakes National Program Office (GLNPO) and 
Environment and Climate Change Canada 
(ECCC) have established standardized long-term 
monitoring stations that are revisited at the 
same time(s) each year to monitor interannual 
variation and assess long-term trends in the off-
shore waters of the lakes. In these large water-
bodies, the agencies aim to track changes based 
on representative sites, rather than targeted 
monitoring of an area undergoing restoration. 
Good design, including consideration of statisti-
cal tests, is crucial to effective monitoring 
(Lindenmayer and Likens 2009). Random site 
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selection may be most appropriate in instances 
where spatial autocorrelation for the indicator 
has been untested or is expected to be low. In 
other cases where sampling sites are expected to 
have strong spatial relationships with each other, 
such as when monitoring a new invasive plant, 
spatially intensive field surveys that cover most 
areas of a lake may be required (Box 2). 
Understanding ecosystem function at an invaded 
site throughout the growing season may require 
sampling at greater temporal frequency than at 
a noninvaded site. Similarly, to monitor the eco-
system for specific parameters that occur over 
short and sometimes variable time periods (e.g., 
summer cyanobacteria blooms, storm runoff, or 
larval fish growth), the monitoring plan may 
need to provide greater flexibility to allow rela-
tively short-term deployments and adaptation of 
sampling to local conditions, or in situ technol-
ogies may be useful to continuously monitor 
conditions at a small number of locations (e.g., 
in-stream monitoring).

M5: Assess the state of the ecosystem

Once sufficient data have been collected for the 
detection and compliance indicators through 
monitoring activities, they will be analyzed to 
determine whether lake conditions meet defined 
target conditions (M3), and ultimately fulfill the 
values identified through community engage-
ment (C4). To help determine the state of the 
ecosystem, a quantitative assessment of whether 
key compliance indicators fall within the range 
defined for target conditions (M3) should be 
performed, and a synthesis of multiple indicator 
variables should be conducted. Once the moni-
toring plan is established, this step should also 
include an assessment of changes or trends 
since previous monitoring. Even if indicator 
variables are within target conditions, trends 
over time may indicate an early warning that 
variables are moving in an undesirable direction 
due to new or changing ecosystem stressors. 
Assessment of lake ecosystem state should be 
conducted periodically when sufficient new data 
are available to evaluate previously defined 
compliance and detection indicators (M2). This 
state of the ecosystem assessment is based on 

indicator thresholds combined with manage-
ment objectives, as defined by community val-
ues and goals.

Assessment of ecosystem state based on 
detection and compliance indicators can be a 
complex process, and it is common for some 
indicators to meet compliance criteria while 
others trend in the opposite direction. The State 
of the Great Lakes (SOGL) reporting process 
executed under the Great Lakes Water Quality 
Agreement (ECCC and USEPA 2022) accounts 
for these challenges partly by assessing general 
state (poor, fair, good) for many indicators 
based on targets set and direction of change for 
each indicator (deteriorating, unchanging, 
improving). In the SOGL reporting, a relatively 
large number of subindicators (40 for the 2022 
report; ECCC and USEPA 2022) are combined 
to summarize data at the level of fewer (9) 
high-level indicators. These results are then 
used to inform managers and the public on the 
state of the lake ecosystem, both on a fine scale 
for specific indicators and on a coarser scale 
that considers a wide variety of ecosystem 
stressors. Inland lakes also can have state of the 
ecosystem reports, such as the Vermont (US) 
Lake Score Card, the US EPA National Lake 
Assessment Report (USEPA 2022), or watershed 
report cards.

Effective communication of the state of the 
lake ecosystem is a crucial step in the frame-
work and requires accurate conveyance of the 
science while making it accessible and under-
standable to nonscientists in the public and pol-
icymaking arenas. Reaching out directly to 
journalists can be a great way to reach a broader 
audience and make sure the assessment is com-
municated correctly (Likens 2010). Sometimes a 
lag exists between when scientists find concern-
ing trends and when it becomes feasible to 
implement remedial action. This lag can be 
caused by the time delay between scientific find-
ings and public awareness, or when lobbying 
from private interest groups results in a lack of 
political support for remediation. A classic 
example is the lag between the discovery of acid 
rain in the United States and the passage of the 
amendments to the US Clean Air Act (Grennfelt 
et  al. 2020).
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Restoring or Protecting Ecosystem State Loop 
(RP1–RP5)

If the ecosystem state does not meet the values 
and priorities of community members (C4) or 
if potential threats have been identified during 
routine monitoring (M5), the Restoring or 
Protecting Ecosystem State Loop should be fol-
lowed. The objectives of this loop are trifold: 
(1) identify stressors causing degradation, (2) 
remediate stressors that negatively impact com-
munity goals and priorities, and (3) prevent 
emerging stressors from progressing to the 
point where they impact the values and priori-
ties identified through community engagement. 
We discuss prevention and restoration together 
because they require the same sequence of steps. 
Prevention is preferable to restoration because it 
is more cost-effective, maintains continuity of 
ecosystem services, and reduces the impact of a 
threat before the damage is done (Spears 
et  al. 2022).

A crucial part of the Restoring or Protecting 
Ecosystem State Loop is identifying the stressors 
that act on the lake condition variable of interest 
and understanding how those stressors will 
respond to management actions. The inability to 
do so will likely result in failed restoration. 
Stressors are first identified using diagnostic indi-
cators (RP1), then modeled to determine their 
impacts on the lake (RP2). An effective manage-
ment plan identifies remedial actions that will 
have the greatest impact on improving the lake 
condition and have the greatest chance for suc-
cessful implementation (RP3). Maintaining strong 
community engagement during RP3 is an import-
ant way for managers to balance both factors 
(Osmond et  al. 2019). After implementation of 
the preferred restoration option (RP4), reevalua-
tion is needed to determine whether the plan’s 
actions are producing the intended outcomes 
(RP5). Newly acquired data and insights are 
important to verify that remedial actions are 
affecting the stressor as originally predicted, and 
to inform modifications to the plan if actions are 
not having the planned effects (Olsson and Folke 
2001, Failing et  al. 2013).

RP1: Identify stressors with diagnostic indicators

If it is determined that the objectives and values 
identified during the community engagement 
process are not being met or are at risk of not 
being met soon (C4 or M5), the stressors causing 
this unacceptable or threatened ecosystem state 
must be identified. Stressors are identified using 
diagnostic indicators (Table 2), which are specific, 
measurable variables that represent the underly-
ing causes of the degraded condition. Diagnostic 
indicators are characteristics of the environment 
that can be quantified to inform the cause and 
degree of an issue and are strategically selected 
by experts. Successful identification of the cause 
is important to ensure that restoration or preven-
tion measures are well targeted to areas that pro-
vide the greatest benefit to community values, 
while misidentifying the underlying stressor will 
cost time and resources and could erode public 
trust in the management process.

A detailed description of the selection of 
appropriate and effective diagnostic indicators 

 Box 2: Lake management example—the Monitoring 
Loop (M1–M5)

Previously defined reference conditions for aquatic plant 
communities in regional lakes indicated that the reference 
conditions for native plants in this lake would be 30% coverage in 
the littoral zone. Because the invasive plant was not previously 
present, the reference condition for this species is 0% cover (M1). 
After reviewing indicators used in other lakes and best practices, 
community members decided on the following detection and 
compliance indicators: percent native and percent invasive plant 
cover, presence/absence of the invasive plant, and TN and TP 
concentrations. The plant indicators are directly linked to the 
priority values defined in C4. The nutrient indicators were selected 
because changing concentrations were identified as a possible 
mechanism for an increase in the invasive plant (M2). Based on the 
experience of recreational users in other lakes, community 
members agreed on a target range for the invasive plant of <1% 
cover. Because a priority value (C4) was to maintain fish habitat 
and protect native plants, the target range for native plants was 
set to 25–40% cover of the littoral zone. The target range for 
nutrient concentrations was set at ±10% of current concentrations 
(M3). The RMA and LLA established a monitoring program. The 
RMA conducted annual transects to detect presence/absence of 
invasive plants, and quadrats along these transects to determine 
the percent cover of all plants. The LLA organized training materials 
for distribution to angling and paddling groups, who were asked 
to monitor the presence/absence of invasive plants on an ad hoc 
basis. If invasive plants were detected, a photo was sent to the 
RMA for confirmation (M4). Initial sampling determined that native 
plants covered an average 45% across all transects, TP and TN 
concentrations were 25 µg/L and 600 µg/L, respectively, and the 
invasive plant was present in 4 of 10 transects and covered an 
average of 5% of the littoral zone. Additionally, recreational users 
detected the invasive plant at 5 locations outside of the sampling 
transects. The percent cover of the invasive plant was outside the 
target range, so the community moved to the Restoring or 
Protecting Loop (M5).
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can be found in Cairns et  al. (1993). Aquatic eco-
systems are complex and there are numerous fac-
tors that can contribute to ecosystem stress. A 
key part of selecting effective diagnostic indica-
tors is ensuring that they describe why compli-
ance and detection indicators are occurring 
outside the acceptable range identified in M3. It 
is important to set clear objectives about what 
the indicator is trying to identify (Niemi and 
McDonald 2004), and to select diagnostic indica-
tors that reflect the spatial and temporal scales of 
the stressor (Boulton 1999). It is also important 
to select unbiased indicators. For example, when 
selecting a diagnostic indicator to determine the 
cause of declining water clarity as measured by 
Secchi disk depth, it is common to rely on the 
diagnostic indicators of Chl-a or total suspended 
solids, whereas water color would be a more 
appropriate indicator if terrestrial derived sources 
of dissolved organic matter are the cause of the 
decline in water clarity.

RP2: Model stressor action

A thorough understanding of the factors causing 
the undesirable ecosystem state is necessary to 
develop a successful management plan. Research 
into the identity and mode of action of the 
stressor causing the lake’s condition and a list of 
potential sources of the stressor are required. 
Many threats to lake condition originate outside 
the lake, so it is important to consider how 
actions within the watershed, as well as its char-
acteristics, influence the stressor being modeled. 
Modeling the stressor provides a quantitative tool 
for comparing different management plans and 
helps identify which measures may have the 
greatest effect on addressing the stressor. Managers 
must understand the mechanisms that influence 
the stressor and the magnitude of that impact. 
Creating or modifying existing models is a com-
mon method to achieve this understanding (Haith 
and Shoemaker 1987, Schneiderman et  al. 2007). 
For example, the Generalized Watershed Loading 
Functions model used to estimate nitrogen and 
phosphorus inputs to streams (Haith et  al. 1992) 
is often modified to provide estimates of nutrient 
loading in individual watersheds or regions 
(Schneiderman et  al. 2007). If not enough 

technical capacity to create a new model or to 
modify an existing one exists, this step may be 
completed by a partnering organization or con-
tracted out to paid consultants.

Failures in lake management are sometimes 
attributed to an incomplete understanding of the 
system (Sharpley et  al. 2013, Osgood 2017). 
Ecosystem impacts can arise from co-occurring 
stressors (Craig et  al. 2017), and it is important 
to quantify how the different stressors are likely 
to respond to restoration actions. The implemen-
tation of management practices can have unin-
tended consequences if their impacts on stressors 
have not been modeled (Jarvie et  al. 2017). 
Managers must consider how multiple factors, 
particularly those within the watershed, influence 
the stressor and incorporate these into their mod-
els. Many model inputs may be acquired from 
monitoring activities in the lake (M4), but it can 
be difficult to acquire data for model inputs if 
sufficient monitoring data do not yet exist, or if 
they must be acquired from the terrestrial land-
scape. Publicly available datasets could fill some 
of these data gaps. For example, Gémesi et  al. 
(2011) used LANDSAT imagery to link land 
cover and water quality, Woolway and Merchant 
(2019) used previously developed climate models 
to assess the impacts of climate change on lake 
mixing, and Rood et  al. (2017) compared regu-
lated and unregulated flow regimes using publicly 
available stream discharge data. Weather data, 
too, are widely available at high spatial and tem-
poral resolutions. In other instances, modeling 
may require additional data collection. Robust 
datasets reduce model uncertainty and serve to 
test whether the causes of the stressor have been 
adequately captured (Williams and Brown 2016). 
Once the problem is thoroughly understood, 
management approaches can be developed to 
reduce the impact of the stressor (R3).

RP3: Assess or develop remedial or regulatory 
options

Restoration is enacted by public agencies using 
incentives and regulations, by the private sector, 
and/or through collective action, and lake manag-
ers can come from any of these groups. RP3 
requires engagement with participants from many 
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different sectors, both to develop the list of 
potential options and to evaluate the magnitude 
of impact and probability of restoration success. 
At this step, the sustainability of proposed plans 
is an important consideration to ensure that envi-
ronmental impacts are minimal and that the need 
for future action is low, which will help maximize 
the cost-effectiveness of the project (Tammeorg 
et  al. 2023). The most successful plan may not 
always include the management actions that pro-
vide the greatest benefit if those actions are 
unlikely to be implemented. It is the responsibil-
ity of lake managers to pursue a strategy that has 
the greatest likelihood of addressing the problem, 
while also considering the likelihood of imple-
mentation by the various groups who impact and 
who are impacted by management decisions and 
regulations. For example, if modeling (R2) shows 
that reducing nutrient loading from agricultural 
runoff is a primary management goal, reducing 
fertilization on fields in the surrounding water-
shed may be the most effective solution. However, 
asking farmers to voluntarily reduce their rates of 
fertilization, and thus their yields and incomes, 
may not receive widespread adoption. Established 
relationships with local communities (C1–C4) are 
critical during this step.

There are numerous ways to evaluate which 
management actions will have the greatest reme-
dial benefits. Stakeholder surveys and workshops 
in the Maumee River watershed (Ohio, United 
States) helped managers better understand which 
best management practices would likely be 
accepted by farmers (Kalcic et  al. 2016). Based on 
what they learned from these surveys and work-
shops, managers were able to refine their models 
and create a management plan for nutrient load-
ing in the western basin of Lake Erie (Kalcic 
et  al. 2016). Another way to implement the most 
effective remedial or regulatory options is to 
focus efforts on areas that will have the greatest 
impact. Management efforts may fail when they 
are not implemented at the watershed scale (Jarvie 
et  al. 2017, Osmond et  al. 2019), but by strategi-
cally targeting areas of high impact, restoration 
efforts can still have a greater net impact than if 
they were spread across a larger area. Land acqui-
sitions (MILCC 1996), targeted restoration proj-
ects (Almendinger 1998), and addressing point 

source pollution (Cavalcanti et  al. 1997), are all 
ways in which managers can focus management 
efforts in high impact areas. In some cases, col-
lective action may be the most effective method 
of implementing remedial actions. Collective 
action is particularly promising in situations 
when traditional government regulation or pri-
vate sector tools are not achieving desired out-
comes (Ostrom 1992), or where government 
regulations are incompletely applied to lakes or 
watersheds that span political boundaries (Swallow 
et  al. 2002). For example, the shift to a collective 
action model for fisheries management in 
Cambodia’s Tolne Sap Lake resulted in a more 
community-driven fishery harvest in a lake 
located across numerous provincial jurisdictions 
(Ratner et  al. 2014).

RP4: Implement preferred option

Once one or more preferred options for resto-
ration are assessed or developed, they need to be 
implemented. This process includes mechanisms 
for monitoring effectiveness (RP5) and identify-
ing key restoration targets within a well-defined 
timeline. The targets will depend on the resto-
ration plan established in RP3 and will help man-
agers evaluate whether restoration is on track as 
time goes on. Depending on the lake stressor and 
the chosen plan, implementation may need to be 
planned for timescales ranging from less than a 
year to several decades. Implementation over lon-
ger timescales may be challenging because of 
changes in climate, land use, population, and pol-
itics. Therefore, an effective implementation plan 
will include both short- and long-term targets to 
ensure that the plan remains adaptable, if neces-
sary. It will also be necessary to determine who 
will implement the plan. Plan implementation 
will differ for every situation, but clearly defined 
objectives and roles should be established to 
ensure that all aspects of the plan are imple-
mented. After implementation begins, it will be 
important to regularly assess the extent to which 
community members are following through on 
the plan so that adjustments can be made if 
implementation is below expectations.

To reduce the uncertainty and complexity of 
long-term plans, it may be helpful to periodically 
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create a series of short-term plans to complement 
long-term goals (CRWD 2019). Short-term plans 
allow the long-term plan to adjust to potentially 
changing conditions or low effectiveness through 
rigorous monitoring and reporting. It is also 
important to prioritize the most important and 
achievable target objectives (MILCC 1996). For 
example, managers for Lake Shaokatan in 
Minnesota, United States, identified a swine oper-
ation as a major source of nutrient pollution, 
determined that removal of the swine operation 
was achievable, and then prioritized its removal 
(MILCC 1996). In many cases, successful imple-
mentation depends on active and sustained com-
munity participation in the lake’s watershed, and 
it is important to raise awareness of the issues, 
recruit local participants from a variety of groups, 
support relationship building and integration 
among these different groups (Holifield and 
Williams 2019), and gauge social acceptance of 
chosen measures (Heldt et  al. 2016). As many 
community members may not have experience in 
lake management, promoting and sustaining 
recruitment are highly dependent on clearly out-
lining goals, expectations, and timelines early and 
often throughout the implementation process 
(Reed 2008).

RP5: Monitor lake response

Regular, ongoing monitoring of lake response to 
the implemented actions is necessary to ensure 
that the restoration or prevention target is attained 
and ultimately that values laid out in C3–C4 are 
achieved. Effectiveness can be assessed using data 
from monitoring conducted in M4, but additional 
parameters may be needed to specifically monitor 
the mechanism of action by the stressor and the 
restoration action. It is also important to com-
pare the actual lake response to implemented 
actions with the predicted response (RP2) to 
verify that the stressor mechanisms have been 
correctly identified and modeled. The results 
obtained here should be summarized into a 
new state-of-the-ecosystem report, which can be 
compared against the desired state. If the resto-
ration actions were successful, management can 
return to the Monitoring Ecosystem State Loop. 
If the actions were unsuccessful or only partially 

successful, management will return to RP1 to 
evaluate additional restoration and prevention 
options.

Without regular monitoring, it is difficult to 
determine whether implemented strategies are 
having the desired effect on the lake. Instituting 
ongoing monitoring and reporting allows lake 
managers to evaluate restoration effectiveness, 
and ultimately determine whether management 
plans need to be adapted. While monitoring 
options in RP5 may be like those in M4, RP5 
monitoring should be specific to the restoration 
and/or protection goals and the stressor. It is 
important for monitoring in this stage to evaluate 
both short-term (e.g., seasonal) and long-term 
trends to fully understand lake responses 
(Chapman 1996). Toward this goal, monitoring 
methods frequently used in lakes include the use 
of high-frequency sensors (Rose et  al. 2016), sat-
ellite remote sensing (Palmer et  al. 2015), and the 
establishment of community science monitoring 
programs (Thornhill et  al. 2016). Considering 
multiple temporal and spatial scales enables man-
agers to understand how lake processes and the 
stressor are responding to restoration measures. 
In addition to monitoring the lake’s response, it 
is also important to assess public participation in 
the implementation process. Chidammodzi and 
Muhandiki (2015) used a combination of inter-
views, surveys, document reviews, and on-site 
observations to determine the level of awareness 
and involvement of key demographic groups in 
an ongoing management project in the Lake 
Malawi watershed. Understanding community 
participation in the management plan, and how it 
might be improved, is key to ensuring successful 
implementation.

Discussion

Lake condition across the globe remains poor 
and continues to deteriorate. In some instances, 
continued management has failed to restore 
degraded systems to desired thresholds (Osgood 
2017), while in others, emerging contaminants 
(Reid et  al. 2019) and/or increasing anthropo-
genic pressures (Vörösmarty et  al. 2013, Settele 
et  al. 2014) have caused the degradation of once 
high-quality systems. Sometimes, management 
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and restoration can fail due to a lack of under-
standing of how actions will affect the ecosystem 
(Jonsson and Setzer 2014). Despite some manage-
ment successes (Lettenmaier et  al. 1991, Moore 
and Christensen 2009), the overall trend of lake 
condition has been worsening over past decades 
(UNEP 2016, Ho et  al. 2019, Albert et  al. 2021, 

USEPA 2022). One reason why lake management 
may be unsuccessful is that many regulations are 
reactionary and restoration is not pursued until 
predetermined thresholds are exceeded, demar-
cating the lake as impaired (Zellmer and 
Glicksman 2013). Another reason may be that 
restoration efforts sometimes lack data and mod-
els crucial to understanding how the system will 
respond to restoration. For example, pools of 
unaccounted-for legacy phosphorus in agricul-
tural soils are often the reason why efforts to 
curtail negative effects associated with eutrophi-
cation are unsuccessful (Sharpley et  al. 2013). 
Furthermore, while restoration can result in 
short-term gains, long-term improvements are 
not always achieved if the underlying cause of 
impairment is not addressed (Mackay et al. 2014). 
The framework we propose is designed to improve 
lake management outcomes by including steps to 
maintain high quality resources and to promote 
evidence-driven restoration. It relies on technical 
expertise to establish informative indicators, set 
realistic targets, and predict how management 
actions will impact lake stressors. Many lake 
management projects include members with tech-
nical expertise in one or more project areas. 
However, this expertise may not always extend to 
all aspects of a project, and managers must rec-
ognize these cases and seek out external partners 
to ensure that each step in the framework is 
completed from an informed standpoint. 
Consultants frequently have experience working 
in a wide range of conditions and can act as 
external partners to fill any knowledge gaps that 
may exist on the project team.

A critical tenet of the MoReCo framework is 
that effective community engagement is crucial to 
successful management outcomes. Since the 
1990s, interest in stakeholder engagement in 
environmental management has grown as part of 
a wider shift away from top-down management 
styles and toward collaborative approaches to 
governance and knowledge production that rec-
ognize the value of lay expertise and joint deci-
sion making (Irwin 1995, Jasanoff 2003, Nowotny 
et  al. 2003, Fitchett et  al. 2020). Although the 
term stakeholder engagement has conventionally 
been used to refer to formal and informal collab-
oration with actors or groups who either impact 

 Box 3: Lake management example—the Restoring and 
Protecting Loop (RP1–RP5)

Nutrient concentrations and boat traffic at the public 
launch were chosen as diagnostic indicators because of 
the invasive plant’s biology and the likelihood that it 
was being introduced by boat fouling (RP1). The water-
shed characteristics indicated that plant growth in the 
lake was likely phosphorus limited. Regional managers 
modified an existing model to predict that decreasing 
phosphorus inputs would decrease growth of the inva-
sive but not the native plants. Existing models of inva-
sive plant spread suggested that increased boat traffic 
from other lakes would increase the likelihood of 
re-invasion (RP2). The community discussed several con-
trol options and proposed this plan based on feedback 
from C3 and subsequent meetings: For high-quality 
swimming and boating, locals agreed to manage the 
invasive plant in their swimming areas and around 
docks using benthic barriers or vacuum suctioning. The 
local chamber of commerce agreed to fund benthic bar-
riers at the public boat launch. A local scuba club was 
recruited to hand-pull the invasive where native plant 
growth dominated. Because tourism was a priority value, 
community members decided not to restrict boat move-
ment or implement a washdown station. The plan called 
for a reassessment after 3 years (RP3). The LLA agreed to 
help implement the plan as the contact for locals who 
wanted to hire contractors to apply benthic barriers or 
do vacuum suctioning. The group also held a yearly 
hand-pulling “party” where participants were trained to 
identify the invasive and then went to designated areas 
to remove it. This social and educational event drew 
dozens of participants every year (RP4). The RMA contin-
ued the monitoring in M4. After 3 years, the percent 
native cover had declined by 10% and the percent inva-
sive cover had increased by 10%, indicating that efforts 
were not sufficient to abate invasive plant growth to a 
level where community values were met. While the con-
trol methods in swimming areas and around docks were 
maintaining high-quality swimming and boating, the 
values of maintaining fish habitat and preserving native 
plants were threatened. Based on modeling done in 
RP2, a 20% phosphorus reduction was predicted to 
restrict the invasive growth and release the native plants 
from competition. A regional partnership applied for a 
grant to develop a watershed plan to reduce phospho-
rus. After the grant was funded, the group returned to 
the Community Engagement Axis to start the process 
again (RP5).
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or are impacted by lake management decisions, 
we recognize there are other groups who have 
relationships with management agencies that are 
more complex and nuanced than can be captured 
by the term, “stakeholder”. Several objections have 
been made to the term stakeholder, based on its 
colonialist linguistic origins and underlying 
assumptions that all actors involved are on a level 
playing field, which may obscure the underlying 
power dynamics involved in environmental man-
agement strategies that rely on public participa-
tion mechanisms (Cooke and Kothari 2001, 
Sharfstein 2016). Furthermore, these assumptions 
may ignore the power imbalances that can exist 
when multiple types of actors and social groups 
are lumped together under one term or in one 
type of engagement process, even if they do not 
have the same degree of potential influence on 
management outcomes (CDC 2022).

For instance, in countries with Indigenous 
peoples who have constitutionally protected 
rights and have a distinct legal relationship with 
the state, the term stakeholder has particularly 
negative connotations (Government of British 
Columbia 2023) because Indigenous peoples are 
more accurately considered to be rights-holders 
(Darling et al. 2023). When working with Indigenous 
communities on environmental management issues, 
managers will need to go beyond the community 
engagement mechanisms that we describe in our 
framework and familiarize themselves with the spe-
cific requirements and best practices for engage-
ment and consultation with the groups and 
nations that exist in or near their regions, as 
well as the cultures, ways of knowing, and ways 
of reading the environment that are specific to 
the communities in question (McGregor 2008, 
Wilson and Inkster 2018, McGregor et  al. 2020). 
The problems that arise related to public partic-
ipation in environmental management cannot be 
solved by an adjustment to terminology alone, 
since they point to deeper challenges that arise 
when engaging diverse publics in management 
decisions. Nevertheless, terminology is import-
ant because terms like stakeholder have conno-
tations that may contribute to fostering distrust 
(Government of British Columbia 2023), which 
is why we have chosen to use the term “commu-
nity” in our framework.

Potential challenges of the MoReCo framework

Our framework is designed for anyone practicing 
lake management and we regard it as an egalitar-
ian tool for users such as government agencies, 
lake associations, private consultants, and grass-
roots advocates. While we believe that the partic-
ipatory nature of the framework is largely a 
strength (Reed et  al. 2018), community engage-
ment can be time-consuming, expensive, and dif-
ficult to operationalize, potentially generating 
new sources of conflict that lead to delays in 
action or to dissatisfaction among participants 
(Reed 2008, Luyet et  al. 2012). One potential 
source of frustration is consultation fatigue, which 
occurs when community members feel that their 
involvement is not yielding desired outcomes and 
become tired of the ongoing requests to engage 
in participatory processes (Reed 2008). In addi-
tion, participants may face barriers to engage-
ment, including a lack of time, awareness, interest, 
and funding, while sustained participation may 
wax and wane over time based on the perceived 
urgency of the issue (Holifield and Williams 2019).

We anticipate potential challenges emerging 
over the lack of leadership structure within the 
MoReCo framework. Participatory forums and 
engagement mechanisms can subvert existing 
decision-making processes, especially when 
some participants have veto power and may 
overrule decisions that have been made through 
participatory mechanisms (Reed 2008), or when 
community-identified priorities conflict with reg-
ulatory mandates. Levels of engagement and 
opportunities for community members to influ-
ence decision making vary depending on the 
context, design, power, and scale of each manage-
ment issue, making it important to create trans-
parency about how decisions are made, how 
responsibilities are delegated, and how power is 
distributed. Additionally, although this framework 
provides a general structure to inform lake man-
agement, each step includes flexibility about 
which models and monitoring options to pursue. 
Therefore, it is imperative that leadership possess 
sufficient knowledge to either make these deci-
sions themselves, or to ensure that proper parties 
are consulted at each step. Strong partnerships 
with knowledgeable groups and individuals, such 
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as consultants, are one way of helping to ensure 
that expertise is present during the decision-making 
process.

Although not unique to our framework, com-
munity engagement processes have been criticized 
for failing to integrate diverse or marginalized 
social groups. In short, public engagement is 
shaped by social power and may therefore  
reproduce social inequalities (Lewenstein 2022). 
Community science, a common mechanism to 
operationalize public engagement in lake manage-
ment, has been characterized by participation 
inequality (Haklay 2013), and diverse communi-
ties are not always engaged with or represented 
in participatory environmental monitoring pro-
grams (Pandya 2012, Pateman et  al. 2021).  
For instance, community-based lake monitoring  
programs may disproportionally attract more  
white, affluent, and highly educated demograph-
ics (Blake et  al. 2020), or may be spatially biased 
toward geographic regions that are outside urban 
areas but within a reasonable driving distance 
from major cities (Millar et  al. 2019).

Marginalized communities may face additional 
barriers to engagement, including language barri-
ers, communication styles, cultural integration, 
inattentiveness to community needs, differences 
in recreational priorities related to water resources, 
lack of decision-making power, and the complex 
and often uncoordinated nature of water manage-
ment and authorities (Pradhananga et  al. 2019). 
Strategies for overcoming barriers to participation 
include building relationships with participants, 
designing support structures for participants, 
accounting for participant access to time and 
technology, and empowering communities to 
define problems (Davis et  al. 2020). While our 
framework for community engagement is intended 
to be broadly inclusive of many forms of collab-
orative relationships between the public and envi-
ronmental managers, we also recognize that there 
is no one-size-fits-all approach to community 
engagement. Engaging with different types of 
groups and community members will involve 
varying degrees of attention and effort, and 
building trusting relationships with marginal-
ized communities will involve more significant 
investments in time and resources (Davis and 
Ramírez-Andreotta 2021). Doing so involves the 

cultivation of strong partnerships with communi-
ties, and in cases where lake managers are work-
ing with marginalized communities, it can be 
beneficial to hire community members as engage-
ment staff and to create data reports for commu-
nity members that are translated into 
community-oriented language and learning, and 
that also provide information on opportunities 
for further involvement by community members 
(Davis and Ramírez-Andreotta 2021).

Funding can also be a challenge, as our frame-
work does not contain a formal step for resource 
acquisition. Engagement mechanisms require 
funding, expertise, and facilitator skill (Reed 
2008, Holifield and Williams 2018, Eaton et  al. 
2021). Environmental monitoring (M4 and RP5) 
is expensive and can fail without continued finan-
cial support (Lindenmayer and Likens 2009). 
Data analysis (RP2) and report preparation (M5) 
require time and personnel. Restoration activities 
(RP3–RP4) can be expensive and highly variable, 
depending on type of restoration, project size, 
and restoration area. Long-term plans to restore 
entire lakes can take years to decades (Søndergaard 
et  al. 2007, Nikraftar et  al. 2021) and cost billions 
of US dollars (He et  al. 2015), although smaller, 
individual projects can cost on the order of hun-
dreds of thousands of US dollars (Huser et  al. 
2016). Funding and support are necessary for 
lake management and must be considered, despite 
not being explicitly addressed in the MoReCo 
framework.

Strengths of the MoReCo framework

The MoReCo framework builds on existing man-
agement frameworks by incorporating elements 
that have proven to be effective in the past (Table 
4). We see 5 important strengths that make the 
MoReCo framework useful for almost any type of 
lake management. First, the framework is designed 
specifically for lentic systems and the unique 
management challenges associated with them. 
Some existing natural resource management 
frameworks have been applied to lakes, such as 
the Drivers-Pressures-State-Impacts-Responses 
(DPSIR) framework (Svarstad et  al. 2008) and 
adaptive management (Table 4), but broadly 
applicable frameworks risk oversimplifying 
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complex interactions that may be unique to 
aquatic systems (Gari et  al. 2015).

Second, community engagement is a major 
tenet of the MoReCo framework. Community 
goals and values are identified early and informed 
by the best available scientific knowledge. The 
emphasis placed on community input is consis-
tent with the global trend of considering nature’s 
values from numerous and diverse perspectives 
(Pereira et  al. 2020), and these values are then 
considered throughout each subsequent step. 
Community engagement can support public 
buy-in for management decisions by reducing 
conflict, fostering trust, building community 
capacity, and facilitating learning (Reed et  al. 
2018, Millar et  al. 2023). Ultimately, community 
buy-in can lead to better preservation of ecologi-
cal integrity and improved delivery of ecosystem 
services (Eaton et  al. 2021).

While many discussions of stakeholder engage-
ment in lake management focus on passive 
engagement through questionnaires (Shackleton 
et al. 2019), our framework identifies opportuni-
ties and mechanisms for active participation and 
multidirectional knowledge flows. Furthermore, 

our framework builds on existing stakeholder 
engagement theory to move beyond a 
one-size-fits-all approach to co-designing and 
co-implementing management plans, and instead 
proposes choosing modes of community engage-
ment best suited to the local contexts, issues, and 
scales (Table 1; Reed et  al. 2018). While other 
management frameworks often acknowledge the 
importance of engaging with the public, they typ-
ically lack details on the range of approaches and 
mechanisms for operationalizing engagement. 
Our goal is to provide lake managers with a 
knowledge base and additional resources to effec-
tively incorporate community engagement as they 
work through the MoReCo framework.

A third strength is the focus on setting explicit 
benchmarks for guiding management actions 
and defining success. These benchmarks are 
established in M3 based on prioritized values 
identified during the community engagement 
process. They are explicitly quantified through 
detection and compliance indicators and 
informed by data collected from both the sys-
tem being managed and reference ecosystems 
(M Loop). Benchmarks are not static but can be 

Table 4. E xisting natural resource management frameworks.

Framework

Addresses multiple 
stressors 

simultaneously

Explicit 
benchmarks for 
defining success

Community 
engagement is 

central
Framework is 

continuous Lake specific Examples of use

Decision Support Tool Development 
Model

x x x Barnhart et  al. 
(2018)

Integrated Lake Basin Management x x x x ILEC (2005); Lake 
Chivero 
(Muhandiki et  al. 
2014); Rock and 
Marsh Creek 
watersheds 
(Saunders et  al. 
2014); Lake Biwa 
(Nakatsuka et  al. 
2020); Malaysia 
(Sharip et  al. 
2021)

Drivers-Pressures-State-Impacts-
Responses (DPSIR)

x x x EU Water 
Framework 
Directive (WFD 
2000)

Adaptive management x x Arhonditsis et  al. 
(2019); Stow 
et  al. (2020)

MoReCo (this paper) x x x x x

We indicate whether each existing framework contains one of the 5 characteristics identified in this paper as important to effective lake management with 
an “x.” Characteristics include whether the framework (1) is capable of addressing multiple environmental stressors simultaneously; (2) includes explicit, 
quantitative benchmarks that can be used to evaluate success; (3) considers community engagement and provides guidance on how feedback from 
community members is incorporated; (4) is continuous and can restore existing stressors while concurrently preserving the resource from potential 
threats; and (5) is designed to address issues specific to lakes and/or reservoirs. The Examples of use column lists studies that either use a framework in 
management or mention one. For the Integrated Lake Basin Management Framework, the 5 characteristics were evaluated based on the original source, 
which is listed first. The additional examples may contain more or fewer of the characteristics based on their interpretation and usage of the original 
source.
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updated as the understanding of stressor 
response grows, and as managers determine 
which actions are most feasible to implement 
(RP Loop). Target benchmarks help determine 
when restoration should begin and when resto-
ration and protection should be considered suc-
cessful. Furthermore, targets can be used to 
determine pathways toward success, based on 
narrative or quantitative scenario analysis (e.g., 
Haasnoot et  al. 2013). Also, the process for set-
ting benchmarks is well defined and transparent, 
reducing ambiguity about which party gets to 
define success. Explicit benchmarks are some-
times missing from existing frameworks (Table 
4), despite their usefulness in establishing base-
line conditions, identifying trends, and evaluat-
ing whether management strategies are working 
(Hawkins et  al. 2010).

A fourth strength of the MoReCo framework 
is the ability to manage multiple stressors simul-
taneously. The existence of emerging stressors 
(Reid et  al. 2019) and the fact that lakes concen-
trate pollutants from the landscape (Williamson 
et  al. 2009) mean that it is often necessary to 
address multiple stressors at once to restore 
degraded systems and maintain lake condition. 
However, frameworks and management plans 
that address multiple stressors remain uncom-
mon (Table 4; Spears et  al. 2021). The MoReCo 
framework includes several elements that can 
lead to more effective management of multiple 
stressors. For example, the focus on community 
engagement means all concerns about water 
quality can be identified during the application 
of the framework. Similarly, the robust Monitoring 
Loop provides data that can support restoration 
efforts for different stressors simultaneously.

Finally, the MoReCo framework recognizes 
that lake management is a continuous process 
and must occur even without an identified 
stressor. As such, the framework is not unidirec-
tional, unlike other management plans that 
emphasize sequential steps (Table 4; Berkes et  al. 
2000, Ansell and Gash 2008, Vaes et  al. 2009). 
Instead, concurrent loops mean that managers 
can begin at any step, which provides mecha-
nisms to constantly reevaluate priority values, 
identify stressors early, and address them before 
they become unmanageable. In some instances, it 

may be appropriate for managers to move back 
and forth between steps. The iterative nature 
incorporates some elements of adaptive manage-
ment (Williams and Brown 2016). Its holistic 
approach and flexibility set the MoReCo frame-
work apart and make it suitable for addressing 
both current stressors and emerging threats, such 
as those brought on by climate change, that have 
not yet been identified.

Vision for future application of the MoReCo 
framework

We envision the MoReCo framework as a tool 
for those involved in lake management and intend 
for it to be relevant for all lakes across the globe, 
regardless of characteristic or condition. A rap-
idly changing climate and emerging stressors 
continue to threaten lakes and we believe this 
framework can aid in the preparation for and 
adaptation to these changes. While lake manage-
ment often falls to the government, agencies are 
unable to comprehensively manage every lake 
under their jurisdiction. Therefore, in addition to 
government agencies, we see lake associations 
and consultants as common end users of this 
framework. Collective action has also been iden-
tified as an effective means of managing natural 
resources (Ostrom 1992), and we believe the 
MoReCo framework can be used by anyone who 
sees that a lake ecosystem is under threat. At its 
core, the MoReCo framework is an egalitarian 
tool designed to empower concerned community 
members interested in promoting healthy lake 
ecosystems. An important next step will be to 
evaluate the MoReCo framework’s implementa-
tion to real-world lake management examples. 
This is true for upcoming projects as the frame-
work begins to be used, but future work should 
also focus on how application of the MoReCo 
framework could have benefited past lake man-
agement case studies.
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