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Abstract Anthropogenic pressure on freshwater ecosys-
tems is increasing, and often leading to unacceptable social-
ecological outcomes. This is even more prevalent in inter-
mittent river systems where many are already heavily
modified, or human encroachment is increasing. Although
adaptive management approaches have the potential to aid
in providing the framework to consider the complexities of
intermittent river systems and improve utility within the
management of these systems, success has been variable.
This paper looks at the application of an adaptive man-
agement pilot project within an environmental flows pro-
gram in an intermittent stream (Tuppal Creek) in the Murray
Darling Basin, Australia. The program focused on stake-
holder involvement, participatory decision-making, and
simple monitoring as the basis of an adaptive management
approach. The approach found that by building trust and
ownership through concentrating on inclusiveness and
transparency, partnerships between government agencies
and landholders were developed. This facilitated a will-
ingness to accept greater risks and unintended consequences
allowing implementation to occur.
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Introduction

In areas where intensification of agriculture, industry, and
urbanization has occurred, freshwater ecosystems have
often been altered significantly, both physically and ecolo-
gically, resulting in highly modified, or novel type eco-
systems (Acreman et al. 2014a; Hobbs et al. 2009; Moyle
2014). These modifications have affected the systems’
ability to sustain ecosystem services (Arthington et al. 2010;
Garcia et al. 2016; Janse et al. 2015). Presently, intermittent
systems (here used as a general term for intermittent and
ephemeral, or temporary rivers or waterways) are some of
the most highly modified and degraded systems in the
world, a trade-off for providing other important social-
economic services such as agricultural and urban land
(Brooks 2009; Leigh et al. 2015; Reid et al. 2017). Ecolo-
gically, intermittent rivers are an important interface
between the aquatic and terrestrial ecosystems, acting as
both, dependent on seasonal conditions (Acuiia et al. 2014;
Boulton and Suter 1986; Larned et al. 2010). In many arid
areas of the world intermittent rivers make up the majority
of the river network (Datry et al. 2016), and they constitute
the most common type of river system in Australia (King-
sford and Thompson 2006).

Recognition of the value of intermittent rivers as
important social and ecological systems, their degraded
state, and the need for better management is increasing
(Acufa et al. 2017; Datry et al. 2017; Meyer et al. 2007).
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However, intermittent river management is challenging due
to the inherent social-ecological complexity of river systems
(Parrott and Meyer 2012; Patrick et al. 2014). In intermittent
river systems where they are near-natural, the focus may be
on preserving the present state, or finding ways to preserve
the river’s present (socio)ecological values, while develop-
ing the social services (Strayer and Dudgeon 2010). In areas
where heavy modification has occurred, however, it is
doubtful that the ecosystems could ever be returned to
naturally functioning systems (Doley and Audet 2013;
Hobbs et al. 2006; Kopf et al. 2015). In heavily modified
systems the focus is often on returning some of the previous
ecological functions to the system, while trying to maintain
the majority of social services the system provides (Seastedt
et al. 2008), a type of sustainable compromise scenario.
Indeed, returning some of the key ecological drivers of the
system, such as flow, may improve the resilience of highly
modified novel ecosystems (Moyle 2014; Palmer et al.
2008).

Given the importance of intermittent rivers systems, their
social-ecological complexity stakeholder-driven manage-
ment actions and frameworks are needed to find sustainable
compromises between the different values, or at least allow
tradeoffs to be explicit (Podolak 2014). Environmental
flows could provide a valuable tool in defining and reaching
the social-ecologically acceptable sustainable compromises
that management seeks (Arthington 2012; Poff and Mat-
thews 2013). However, while environmental flows may
provide the mechanism for determining how much water is
needed for the objectives set for each system, it has limited
examples of where it has provided the management fra-
mework to implement it (Acreman et al. 2014b; Brewer
et al. 2016). This is problematic in countries like Australia,
where many intermittent river systems are already highly
modified, often crossing private land with complex legal
land and water issues, and are associated with diverse social
(often entrenched within status quo) and ecological values
(King and Brown 2006).

Adaptive management frameworks provide a logical way
forward for devising and implementing environmental flows
programs in intermittent river systems (Rist et al. 2013).
Adaptive management promotes “learning by doing” and is
applied in situations where the impact of management
interventions is uncertain (Stirzaker et al. 2011). Despite its
balanced approach, incorporating both technical and social
concerns, adaptive management programs are not always
successful (Biggs et al. 2011; Williams and Brown 2014).
In some instances of adaptive management, this may be due
to a heavy focus on the science and evidence-based premise
of adaptive management, at the expense of its stakeholder
engagement and participatory decision-making components
(Kingsford et al. 2011; Scarlett 2013). However, in complex
social-ecological systems such as intermittent river systems,
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providing a clear emphasis and priority for effective sta-
keholder engagement and participatory decision-making is
essential if management is to be effective, and trust and
ownership developed to see long-term outcomes realized
(Leahy and Anderson 2008; Walkerden 2006; Williams and
Brown 2014).

Lessons learned from other natural resource management
(NRM) programs have shown the benefits and challenges in
involving stakeholders (Collins and Ison 2010; Cook et al.
2013; Moon et al. 2012), and steps needed to successfully
engage stakeholders (Conallin et al. 2017). Stakeholder
involvement may help to reduce transaction costs associated
with environmental flows programs in river systems (Mar-
shall 2013), which may be significant in highly novel eco-
systems (Stringer et al. 2006). Stakeholder engagement may
also minimize the need to reduce uncertainty before a
program can begin, therefore increasing utility (Hurlbert
and Gupta 2015). In general, it is hypothesized that stake-
holders who have trust in a program and feel involved are
more likely to accept more risks and higher uncertainty so
their “willingness to accept” can be greater (Flitcroft et al.
2009; Hamm et al. 2016; Stern and Coleman 2015). (Flit-
croft et al. 2010) describe trust as fundamental to relation-
ships, and that trust is the power factor that essentially
determines the willingness of individuals to believe the
source of information (Beratan 2007; Hamm et al. 2016;
Stern and Coleman 2015; Zand 2016). In this paper, we
present an environmental flows management-based case
study from a small intermittent creek system, the Tuppal
Creek system, situated within the Murray Darling Basin,
Australia. Before starting the program management agen-
cies hypothesized that a focus on participatory decision-
making to build trust and ownership would influence and
support the adaptive management cycle, thus reducing
conflict leading to better social and ecological outcomes.
The approach combined elements from environmental flows
assessment frameworks of (Richter et al. 2006), and adap-
tive management principles from (Kingsford et al. 2011;
Walkerden 2006), tuned to the specific situation between
the various stakeholders in this case study.

Methods
Study Area

The Tuppal Creek is a sixty kilometer intermittent creek
system that is part of the Murray-Darling Basin, Australia.
The creek flows in a north-westerly direction, departing
from Murray River near Tocumwal and joining Edward
River near Deniliquin in southern New South Wales
(Fig. 1). The Tuppal Creek system supports a vibrant rural
community, consisting of up to 35 resident landholders,
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Fig. 1 Tuppal Creek System
within the Murray-Darling
Basin, Australia (inset). Five key
monitoring sites are shown
along the system, the Lalalty
drain and the two channel
escapes (Tocumal Escape and
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where food and fiber agricultural commodities gained from
the area underpin the local economy. The system is ecolo-
gically important, supporting at least twelve threatened
animal species, and stands of significant remnant mature
River Red Gum (Eucalyptus camaldulensis) and Black Box
(Eucalyptus largiflorens) vegetation communities (Brown-
bill and Warne 2010).

Since the 1950s, a levee bank has blocked flows from the
Murray River into the creek, altering the flow regime and
disconnecting the creek’s upper section (Fig. 1). Prior to the
construction of the levee bank, Tuppal Creek received
reconnecting flows in most years, occurring for an average
of four months in spring and autumn. The lower half of
Tuppal Creek still receives flows from the Murray River via
the Native Dog Creek (Fig. 1) and from agricultural channel
infrastructures owned and operated by a private irrigation
company; Murray Irrigation Limited (MIL). Over time the
ecological health of the Tuppal system has declined,
impacting native fish, other animals, and plants that are
accustomed to the natural wetting and drying phases of the
system. The water quality was also negatively impacted, as
the salt from ancient ocean sediments in the soil dissolved
in the water, but could not flow out of the system, resulting
in high salinity levels in residual pools and creek bed.

Due to the declining ecosystem health of the system local
landholders through the Tuppal Creek Landholder Group
(TCLG) together with the support of the former Murray
Catchment Management Authority (now Murray Local
Land Services) devised a strategic plan “Tuppal Creek
Strategic Plan 2010-2020" (Brownbill and Warne 2010). A
vision was created as part of the plan; “A functioning
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Tuppal Creek ecosystem that the current community and
future generations can enjoy, use and appreciate”. Flow
regime (or the lack there-of) was identified as a manage-
ment priority, and in 2010 the TCLG approached three
government agencies, the Murray Catchment Management
Authority (CMA), the NSW Office of Environment and
Heritage (OEH), and the Commonwealth Environmental
Water Office (CEWO), to devise an environmental flows
program for the Tuppal Creek. Environmental water in New
South Wales is managed by OEH. The CEWO also owns
environmental water and under a Memorandum of Under-
standing, OEH identifies priority sites to receive environ-
mental water, and manages and facilitates the delivery of
environmental water in New South Wales. To assist in
identifying priorities such as the Tuppal Creek environ-
mental watering trial, an Environmental Water Advisory
Group (EWAG) advises OEH on the use of environmental
water in NSW. The EWAG consists of stakeholders that
represent a range of industries, interest groups, independent
scientists, government agencies, and Aboriginal organiza-
tions. The former Murray CMA’s main role was to help
facilitate NRM activities including environmental water
within the Murray catchment. All three government agen-
cies worked closely together in delivering environmental
water in other areas of the catchment.

Three delivery points in the MIL irrigation system was
identified as mechanisms to deliver environmental water to
the Tuppal Creek (Fig. 1). These delivery points were
designed to escape water into the Tuppal Creek when there
is a risk of flooding agricultural land from the irrigation
system due to high rainfall.

@ Springer
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The TCLG advised that they must be involved, and that
the co-design of an environmental flow program was a
requirement for the group to support implementation. Bor-
rowing from learnings from other programs, and high-
lighted in (Richter et al. 2006), four key principles would be
employed;

1. Stakeholder participation; in most aspects of the
project

2. Management commitment and flexibility; manage-
ment objectives defined, and a willingness to change
direction

3. Sound science; research and monitoring used to
inform delivery and learning

4. Learning by doing; getting going and learning as you
implement

Stakeholder Participation Process

Stakeholder participation was to be included in all phases of
the project; planning, implementation, monitoring, and
evaluation. In the planning stage it was surmised that a co-
design process, (possibly with a smaller technical group)
would occur through a series of meetings to plan the pro-
ject, and what would be the roles and responsibilities of all
stakeholders.

Management Commitment and Flexibility

Commitment would be planned in two stages, first a design
stage and a trial watering, and if this was successful, a series
of follow-up watering events over a short timeframe of 1-5
years. Flexibility would be shown by creating management
based thresholds using easily measureable indicators that
would inform water delivery and the adaptive management
of the implementation stage. They would also form part of
the evaluation stage to assess if the thresholds were useful
in informing the adaptive management cycle.

Learning by Doing and Sound Science

Constrained by a minimal budget and small project team
and aspiring for community involvement and under-
standing, the monitoring was kept simple, pragmatic, utility
focused, and involved the local community where possible.
All of the data collected was to be used to (1) to identify the
optimal flow regime (frequency, timing, and duration) and
any works that may be required to achieve the desired
maximum flow rate and to minimize third party effects, (2)
to inform long-term planning process assisting with the
development of a long-term environmental water manage-
ment and monitoring plan, (3) at a level that allows for
making real-time decision-making, and (4) at a level of
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understanding suited to all stakeholders to support con-
sultation/awareness activities. Long processing times and
complicated scientific techniques were beyond budget but
also avoided, so outcomes could be easily explained to all
stakeholders.

Five monitoring sites were established to represent the
reaches of the creek identified in the Strategic Plan (Fig. 1).
At each of the sites, six parameters were measured for each
watering event; electrical conductivity (EC), dissolved
oxygen (DO), flow front and water level in refuge holes,
frog diversity, and vegetation responses. Water quality was
monitored at each site prior to a watering to establish
baseline conditions for residual pools, then weekly during
an event until the water reached the Edward River, then less
frequently if risks such as high EC or low DO water were
low. DO and EC were measured in situ at each monitoring
site and at the flow front. In addition EC was continually
recorded at the DPI Water hydrometric station located at the
site 5, Aratula Road bridge (Fig. 1). Management thresholds
were defined for water quality parameters EC (>1500 puS)
and DO (<4 mg/1) and depth thresholds were based on large
refuge pools remaining at approximately 1 m in the center,
using site 2 as a key refuge monitoring site (Fig. 1).

Flow movement and flow front was monitored on a
weekly basis until flows connected to the Edward River.
Landholders were to advise OEH if the flow rates were
creating any access issues. Depth of key refuge pools was
measured using staff gauges and wetted perimeter recorded.
Photo points were established at each monitoring site and
used to identify changes in vegetation condition, and wetted
perimeter. Photos were taken prior, during, and post
watering.

Results
Stakeholder Participation

The stakeholder engagement process began with meetings
between a small set of the local landholders, the OEH,
Murray CMA, MIL, and CEWO representatives. Together,
they formed an informal steering committee, the Tuppal
Steering Committee (TSC), which was chaired by the OEH.
In the first meetings stakeholders openly presented “what
they wanted to see”, “what they did not want to see” and
“what they were willing to accept’”. Common themes for
stakeholders included developing partnerships, reinstating
seasonal flows, improving water quality (specifically redu-
cing salinity), and providing water for fringing vegetation.
These key themes were then used to form the basis to
develop a trial watering program.

The TSC defined the following objectives for the trial
environmental flows program:
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To develop and establish strong partnerships between the
Tuppal Creek community, other local stakeholders, and
affiliated government agencies;

To reinstate an ephemeral flow regime for the Tuppal
Creek;

To improve ecosystem function, in particular water
quality, the condition of the fringing vegetation commu-
nities, and improving habitat and passage for native fish;
To determine if the available MIL infrastructure (escapes)
are effective outlet points to deliver desirable volumes of
environmental water to Tuppal Creek in order to achieve
the ecological objectives.

Key risks identified by the TSC were flooding of private
land, mobilization of large volumes of salt, and hypoxic
blackwater entering the receiving river (in this case, the
Edward River). The committee developed flow thresholds
that principally focused on mitigating salinity (using
ANZECC water quality guidelines) and that managed flows
did not affect landholders access across the creek, especially
during the crop harvesting period. Environmental flows
were only to be implemented when the Edward River flows
were greater than 800 ml/day (measured at the Edward
River Offtake) to ensure hypoxic blackwater was effectively
diluted in the receiving stream. Landholder representatives
encouraged their neighbors to agree to the trial proceeding.

Evaluation was carried out through the TSC as a joint
exercise in ‘lessons learned’ workshops. Here, data synthe-
sized by the agencies was presented, lessons learned dis-
cussed, and decisions on setting the future objectives made
collectively. Event summary documents were initially used
to inform the large number of landholders associated with
the Tuppal Creek. Several landholder meetings were held
prior to and during the trial watering. Following the initial
trial event, landholders agreed that meetings could be
reduced to pre and post watering to reduce transaction costs.
As a result of the trial, and the conduction of subsequent
environmental watering events, trust and a strong rapport
developed between the Tuppal community and the gov-
ernment agencies, thus removing the need for frequent face
to face meetings for watering events to proceed. The
environmental water managers then communicated pri-
marily via email and telephone which suited the needs of
time poor landholders.

Management Commitment and Flexibility

Water delivery to meet the desired social-ecological out-
comes was divided into two phases: Phase 1—start-up flows
planned to occur in spring (September—November), and
Phase 2—replenishment flows that were to be initiated
whenever either the depth of residual pools became criti-
cally low for native fish or water quality thresholds for

salinity or dissolved oxygen were exceeded. Replenishment
flows were principally delivered in autumn (March—-May).
Since the first year trial period, water delivery has been
timed where possible, to exit the system into the Edward
River coinciding with higher flow in the receiving stream to
minimize salinity impacts, to maximize carbon exchange
and provide connectivity for native fish. The timing and
duration of the proposed event was negotiated and looked to
minimize impacts to landholder access for cropping or stock
management purposes, whilst still focusing on ecological
needs. Environmental water was delivered through MIL
irrigation infrastructure (MIL escapes; Fig. 1) at the top of
the system. Depending on desired volume, one or all three
release points could be utilized. A preferred hydrograph was
provided to MIL, incorporating the ability for environ-
mental water managers to adaptively manage flow rates if
required, within a few days if required such as for example,
if flow height were creating unforeseen access issues for
landholders. The term “trial” watering was important as it
signaled to both the community and the government agen-
cies that no ongoing commitments for future watering
events were planned until there was unanimous support and
it was demonstrated that identified risks could be con-
fidently managed. The outcomes of the trial were used to
develop further prioritization and management decisions for
the OEH and TSC.

Implementation, Water Delivery, and Monitoring

Water quality monitoring indicated that EC ranged between
50 and 1800 pS over the duration of the trial. Throughout
most of the trial EC levels remained below 1500 puS how-
ever occasionally this threshold was exceeded at certain
periods triggering a TSC meeting. Expert advice from sci-
entists was sought to assist with the decision-making pro-
cess. On each occasion it was determined that flows in the
Edward River were at an acceptable level to receive the
flows, resulting in the continuation of the environmental
water delivery. High ECs were usually associated with flow
fronts and were diluted quickly. Refuge pool water level
monitoring was used to inform on Phase 2 flows. Using
depth trigger points allowed for improved timing of Phase 2
flows to ensure large refuge pools were maintained, and
allowed for easy communication to why and when a Phase
2 flow would occur.

From the onset of the project in early 2012 until end of
2016 23 gigalitres (Gl) of environmental water has been
delivered to the Tuppal system. The volume of environ-
mental water annually allocated for the Tuppal has ranged
from 4 to 7 Gl. In every year a spring Phase 1 flow and an
autumn Phase 2 event has occurred, except in autumn 2016,
due to a blue green algae outbreak in the surrounding per-
ennial river systems. The OEH and CEWO continue a
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working relationship with TSC to achieve social-ecological
benefits for the Tuppal system.

Discussion

Management programs are needed that move away from
managing for either social or ecological outcomes, and
strive for social-ecological acceptable outcomes (Knight
et al. 2011; von Korff et al. 2010; Westley et al. 2010).
These programs should be supported by best available sci-
ence where possible (Ryder et al. 2010; Webb et al. 2014).
Such programs should not be complicated by emphasis on
understanding the whole system before managing (Groff-
man et al. 2006; Stringer and Dougill 2013), and thus be
paralyzed by uncertainty (Canessa et al. 2016; Regan et al.
2005). The adaptive management approach applied in the
Tuppal Creek environmental flows program showed some
of the key benefits associated with building trust and
ownership through providing a platform for stakeholder
participation to occur within managing a freshwater system
(Nkhata et al. 2008).

In relation to the Tuppal Creek system, identifying trust
and ownership as key processes to focus on within the
adaptive management process helped facilitate planning and
implementation (Binkley and Duncan 2009; Reeves and
Duncan 2009). From the outset, the Tuppal project invested
in stakeholder inclusion by using multiple communication
methods, involving regionally based government staff with
local knowledge and expertize, and creating “champions”
both among landholders and government staff. A combi-
nation of one-on-one meetings, group meetings, site visits,
emails, and media involvement was used to engage a
diverse group of stakeholders. This allowed all stakeholders
to provide input, showing that the use of different types of
engagement strategies is effective (Mott Lacroix et al.
2016). The involvement of regionally based on-ground
government staff allayed landholder concerns of having to
deal with different people from government agencies over
time who might not be up-to-date or knowledgeable of the
local situation (Robinson et al. 2015). Champions (both
government and local landholders) which became focal
points of contact between all stakeholders was also central
to the project going forward and helped reduce transaction
costs for constant meetings (Hearne and Powell 2014;
Straith et al. 2014).

Subsequent watering events continued to build trust and
ownership by engaging landholders in the decision-making
process such as the timing of the trial, flow rates, and
assisting with monitoring (Mueller-Hirth 2012; Stanghellini
2010). The many ways in which stakeholders were involved
resulted in both government and community having a
greater willingness to engage, but also accept some
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uncertainty, and possible unintended consequences of the
watering events (Longstaff and Yang 2008; Smith et al.
2013). Using simple monitoring parameters and methods,
linked to management thresholds provided results in real-
time and allowed for an increase in adaptive management.
This also lead to a reduction in perceived risks as data could
quickly show what was occurring, and if any actions needed
taking (Ryder et al. 2010; Scott 2016).

A good example of how adaptive management occurred
was how the TSC responded when EC thresholds were
exceeded. Before starting the trial, there was a perceived
risk from stakeholders in relation to saline water being
mobilized and entering other downstream areas of the creek,
or even less acceptable, the receiving water body (Edward
River) close to the main drinking water source of the nearby
town Deniliquin. Risk was mitigated by starting with small
flows which were monitored in real-time and assessed daily.
If any of the agreed upon thresholds were exceeded, the
TSC would make a decision, and the flows could be ceased
before any water entered the Edward River. Upon the initial
trial watering, the perceived risk turned out to be just that;
perceived (Bennett 2016; Hommes et al. 2008). Results
showed that the environmental water helped mobilize and
dilute the salinity, thus decreasing the original problem, and
reaching the intended social-ecological outcomes of
improving water quality within the creek, and reconnecting
it with the Edward River.

Despite the initial successes of the project, sustaining the
program into to the long-term has many challenges. The
monitoring, although pragmatic and inclusive, is arguably
not robust enough to define if some of the overall objectives
set for the program are being achieved (Fazey et al. 2006;
Kennett et al. 2015; Lukyanenko et al. 2016). Funding
cycles, changing priorities within government agencies, and
long-term commitment to reach ten-year vision cycles (as
written in Tuppal Creek Strategic Plan) are rarely con-
sidered viable within single funding rounds (Benham et al.
2015; Maekawa and Aron 2016; Tennent and Lockie 2013).
The future of the Tuppal project depends strongly
on the continued commitment of both the local community
and government agencies. Major risks to the program
identified above must be explicit and part of the future
planning.

To date vulnerability to changing funding and interests
has been reduced through concentrating on utility and low
transaction costs, but at the expense of scientific certainty.
Stakeholder acceptance of outcomes has remained the
focus, with an acceptance of uncertainty, and learning by
doing. The longer term focus of the project, and reduced
vulnerability to funding inadequacies should lead to higher
resilience within the project and enable a secure relationship
based on learning and dealing with unexpected events.
Currently, the environmental water managers are working
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with the TSC and discussing setting up long-term i.e., five
to ten year watering strategies for the Tuppal Creek.
Environmental water managers remain focused on working
with the landholders to investigate options to improve
environmental water delivery to maximize social-ecological
outcomes and aim to include problem-orientated, robust
scientific research to improve the understanding of flow-
social-ecology relationships.

Conclusion

Using trust and ownership as basis for the adaptive man-
agement approach achieved through participatory decision
making and “requisite simplicity” evidence-based principles
has allowed for objective-driven environmental water
delivery to occur within the Tuppal Creek social-ecological
system. The process of building trust and ownership
occurred in steps, beginning with a co-design process for
determining the delivery of environmental water initiation
of a trial watering, and then follow up watering events in
each year. Each step required more commitment and trust
than the one before, and showed some of the strengths of
stakeholder involvement in adaptive management pro-
grams. Although this is a simple case within a relevant
small spatial area with a limited number of stakeholders,
through applying the principles of adaptive management,
concentrating on stakeholder engagement and participatory
decision-making within the process, the “willingness to
accept” uncertainty and unintended consequences were
increased. Providing varied forms of stakeholder engage-
ment also facilitated the participatory decision-making
process, and increased inclusiveness.
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