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Abstract: Despite many years of experience in the river restoration field, which has become one
of the most promising areas of water resources management, significant challenges and problems
remain. These include the scope and scale of restoration measures, developing the reference model,
assessment of restoration success, and the engagement of local stakeholders. Progress in addressing
these challenges to river restoration could be achieved by changes in current approaches through
the appreciation and integration of local communities and their local ecological knowledge (LEK).
The results of discussion on ecological restoration indicate that ecological knowledge, which combines
the interests of local communities and the environment, could be used in restoration projects. However,
in the case of river restoration, this type of knowledge is systematically overlooked. In our paper,
we discuss common river restoration problems and supportive elements that may be found in LEK.
We conclude that the local stakeholders’ involvement and strong establishment of their position in
the river restoration processes should be reconsidered. We believe that the application of LEK has
large potential for improving water resources management and restoration of aquatic ecosystems and
remains a key factor in a successful future of river restoration.

Keywords: river restoration; local ecological knowledge; traditional ecological knowledge;
stakeholders; stakeholders participation; ecological restoration

1. Introduction

Since river restoration has become a widely used way of managing water resources and recovering
aquatic ecosystems, its results, measures of success, and community engagement have evolved over
time. Currently, a wide range of restoration guidelines, principles, brochures, and platforms is available
that support river restoration actions [1–5]. However, after dozens of years of restoration experience,
the science still emphasizes the challenging nature of restoration endeavors [6]. Many uncertainties
can make the recovery of aquatic ecosystems fail [7,8]. Moreover, doubts that remain in the basic
assumptions of ecosystem restoration make defining the desired state of the restored ecosystem and
defining the “success” of a river restoration process a complex task [9]. Some of the problematic
matters and challenges in river restoration concern: (1) the scope and scale of restoration measures;
(2) developing the reference model; (3) assessment of restoration success; and (4) the engagement of
local stakeholders.

A fresh view of river restoration problems may be provided by changes in the current approach.
Firstly, analyzing the basics of restoration ecology paradigms may be helpful. We observed that
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some approaches implemented and considered in restoration ecology are less important in river
restoration [10–12]. Secondly, taking social aspects more deeply into account may enrich and support
river restoration process. Although the stakeholders’ involvement is thought to be an important
element of any environmental restoration projects, their role is quite often narrowed to the level of
“acceptance” of and a passive “support” for the actions planned [13]. We refer to “passive” as support
without considering their practices, experience, and knowledge about the ecosystem. For example,
local inhabitants used to be involved in workshops or other project-related activities, but had not been
present in the process of the project development [13].

Our main idea for solving river restoration issues includes spotting, appreciation, and integration
of local communities and their ecological knowledge along with the scientific measures. It has been
widely recognized that people who live in a particular place and somehow depend on natural resources
develop ecological knowledge which is locally distinctive [14–39]. Thus far, various terms were
applied to name such a unique “wisdom”: “indigenous knowledge”, “traditional and local ecological
knowledge”, “folk knowledge”, etc. Similar to Ellen and Harris [14], we observed that these definitions
are often used interchangeably and many overlaps can still be found. Usually, the explanation of
elements of this “wisdom” refers to the fact that the knowledge is locally sourced, empirically gained,
and developed and transmitted orally through the generations [14]. We used these assumptions to
keep the thread of reasoning in this paper.

The paper aims at assembling the river-relevant research describing traditional ecological
knowledge (TEK) and local ecological knowledge (LEK). TEK, in the roots of the term, has a wide
meaning containing the deep lore, beliefs, and rituals of the indigenous peoples’ life [31]. It seems that
there is more research providing evidence that TEK, not LEK, is combined with scientific knowledge.
Despite many examples of TEK, we intend to indicate LEK, defined as an additional and supportive
element in river restoration, to extend possibilities of ecological knowledge use beyond the indigenous
people and traditional cultures. Originally, TEK was recognized amid the indigenous societies of the
Amazon, British Columbia, and New Guinea [15–20], but in time it was spotted and investigated by
scientists among European rural communities as well [21–25]. Interestingly, the earliest ethnoecological
studies recognized the complementarity of empirical ecological knowledge to the scientific one [28–30]
and proposed general methods of application [33,34]. Case studies of possible implementation of
TEK and LEK in conservation biology, sustainable co-management, and ecosystem monitoring are
discussed [20,24,26,30,37–39] as well as in the context of restoration ecology [9,27,40,41].

Ecological restoration, and river ecosystem restoration in particular, remains a complex process
(Figure 1). However, the use of scientific tools and theoretical models seems to be insufficient in
many cases. We claim that restoration projects cannot succeed if the ecological knowledge of local
communities, with its own understanding of inhabited ecosystem and place-based experience, is not
considered [42]. Nevertheless, the application of LEK in river restoration is systematically overlooked.
We claim that a more holistic approach to river restoration is the respect and receptivity for local
people’s voices, and the incorporation of their experiences. The main aim of the paper is to outline
how restoration ecology and appreciation of LEK may support the current river restoration endeavors.
We analyze the relevance of LEK at particular stages of river restoration project (Figure 1). For this
purpose, we discuss some important problematic matters of river restoration and supportive solutions,
which may be found in LEK and restoration ecology. Taking these into account, we argue the following:
the basics of restoration ecology should always be principally considered; LEK should be regarded as
an important and valid type of knowledge; and local stakeholders’ involvement and their position in
the river restoration processes should be reconsidered.
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Figure 1. River restoration framework and associated, relevant contribution of LEK at each level of
river restoration.

2. Defining and Explaining LEK

The unique ecological knowledge is not only limited to indigenous, tribal communities but is also
recognized within and between rural societies of Europe [14,21–25] and local people in general, who
use natural resources [35,43]. When discussing European rural cases, the definition formulated by
Molnár et al. [24] should be applied, where instead of TEK more commonly “rural traditional ecological
knowledge” is used, being an effect of decades of individual life experiences in a specific landscape.
It is developed when people stay in direct contact with nature and manage it by hand. Usually, this
knowledge is stored in the centuries-long experiences of the whole local community. In villages,
holders of the knowledge are found among farmers, herders, shepherds, and elders [21,23–25,36,44,45].
This definition is most closely related to LEK, knowledge possessed by local but not necessarily
indigenous communities. Recently, in the Society for Ecological Restoration (SER) Standard by
Gann et al. [10], LEK is defined as “local, place-based knowledge of the land and its processes applied
by humans to create more productive lands and healthier ecosystems, increasing biodiversity and
improving ecosystem resilience. ( . . . ) Widespread in Europe, for example, LEK includes pre-Industrial
Era farming, water management, and subsistence hunting practices. In some places, both LEK and
TEK can function together, although they may come from different cultural paradigms”. In the existing
research in Central Europe, Scandinavia, or US, LEK is recognized among forest users, foresters,
fishermen, hunters, landowners [22,35,37,43], and even indigenous people whose traditional practices
were discontinued but knowledge remained [37]. This knowledge is not only learned orally from
living people but also from historical and ethnographical documents [35,37,44]. Ecological knowledge
considers local taxonomy of species, landscape perception, ecosystem management, and changes as well
as the cognition of ecological processes. Additionally, it incorporates historical data, which the existing
generation learned from previous ones or other members of their society. It is worth underlining that
sustainability is usually incorporated into the traditional culture and land management [20,32,35]
because it ensures the long-term existence of the natural resources on which people depend for their
livelihood [33]. Moreover, the discontinuation of traditional practices has been pointed out as a reason
for the decline in biodiversity [46,47]. More recently, it has been applied in the context of the restoration
projects, collected and comprehensively described by Uprety et al. and Reyes-Garcia et al. [40,48].
Importantly, considering local communities and all types of knowledge when planning restoration
projects has also highlighted in paradigms of restoration ecology [11]. Moreover, the traditional cultural
ecosystems concept, which was recently included in SER standards, considers ecosystems as the result
of co-evolution of plants, animals, and humans in response to past environmental conditions.

The analogies and overlaps between some of the main postulates of restoration ecology and the
basic features of local and traditional ecological knowledge seem to be striking. It can be equally
interpreted as the relationship where restoration ecology provides its main concerns and questions,
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for which local and traditional ecological knowledge could give the answers because of the main
elements incorporated in its nature. Regarding the framework of restoration [49], first, one is advised
to aim at the general understanding of how an ecosystem works. Second, one should search for
solutions applicable to a specific site and situation. Finally, one should pursue sustainable ecosystem
management. This common mechanism makes local ecological knowledge useful for restoration
purposes, even for more detailed issues.

In river restoration, the possibility of using knowledge of local communities has started to be
appreciated, mainly in the aspect of indigenous people [9,50–52]. The reports about LEK application
are still rare. Incorporation of LEK in river restoration and management plans was proposed, e.g., by
Mustonen [37], who investigated LEK in the watershed of Jukajoki River, Finland. Through the oral
histories and documents, local people told about pre-industrial fisheries, bird habitats, fish ecology and
behavior, and causes of degradation. In practice, traditional management is mainly used to restore or
keep valuable ecosystems in the floodplains, and local and traditional knowledge about the river per se,
is not usually considered or described. For instance, in the Lonjsko Polje Nature Park (Croatia), local
communities graze pigs, horses, and cattle at the alluvial lowlands and this management facilitates the
appearance of secondary wet grassland and freshwater habitats important for endangered species [53].
The Latvian river restoration initiative, “Place a stone in a Stream”, which has been implemented on
the Jaunupe River [54], presents an important case where scientists closely cooperated with all possible
stakeholders, such as NGOs, land owners, local communities, and authorities, actively engaging them
in endeavors of riverine ecosystem improvement. Performed actions were also inspired by and sourced
in LEK and former traditional methods of river purifications. This complex approach has thus far led to
successful ecological state results and increased their lasting in the future by having an understanding
on the sites of people staying in close, everyday relation with the rivers [54].

3. River Restoration Challenges versus Restoration Ecology and LEK Opportunity

As mentioned, river restoration is a complex task and many uncertainties can cause the recovery of
ecosystems to fail. According to Harris and Heathwaite [8], actions seem to be ineffective because of three
reasons: (1) there is low predictability and high uncertainty in the ecological response; (2) monitoring
programs are inadequate; and (3) there are difficulties in assessment due to shortcomings at the
planning stage. In each group, more specific problematic matters may be identified, e.g., climate
change impact, ecosystem’s resilience, monitoring timeframe, defining the reference model, measures
used for assessment, or application of adaptive management. Nevertheless, in our discussion, we pay
attention mainly to issues in which we see evident potential of LEK application and additional reference
to restoration ecology. These are: (1) the approaches of river restoration projects; (2) preparing the
reference model; (3) assessment of restoration success; and (4) engagement of local stakeholders.

3.1. Developing River Restoration Approaches

The scope and scale of river restoration are directly related to the approach that has been adopted.
Originally, because of the definition, river restoration was focused on recovering the ecosystem to its
pristine state, which could be defined and measured by the presence of specific habitats and organisms
and the water quality [12]. The habitat’s state approach was based on measures that mainly addressed
the riverbed and banks, which caused changes in the channel’s form and structure along the river.
With time, it has been recognized that the improvement of the static state of the environment was
aimed at removing the effects of ecosystem degradation rather than reducing the processes responsible
for disturbances [55]. It has also been revealed that the restoration should recover dynamic processes
within the ecosystems, being considered in the catchment scale [3,6,9,12,55–61]. The latter is based
on a wide range of measures, which should recover the ecosystem’s connectivity, sediment flux,
hydrological processes, and nutrient balance [3]. However, river restoration is also a socioeconomic
process, thus more recently, approaches which consider society needs and expectations have been
appearing in numbers [62]. One of these was proposed by Dufour and Piégay [58], who noticed that
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the only way to reconcile natural and cultural elements is to move from process-based restoration
to objective-based restoration, in which the goals are defined based on “potential functioning” and
“societal wishes”.

What can be observed is that the scale and scope of river restoration have evolved with time,
from habitats and water quality interest to complex ecological and socio-economic concerns. However,
because of the complexities of the latter, properly assessed and successful river restoration projects
are rare. In the literature, habitat-state-oriented projects are claimed only partly effective, and a
process-based approach is recommended [57]. In practice, however, it is difficult to consider them
separately, as they both form the scientific background for river restoration actions. Process-based
restoration contains measures of habitat-state-oriented restoration, even though their assumptions
are different. For instance, dam removal may cause local improvement of hydromorphology and
habitats, as well as reinstatement of river and sediment transport continuity. However, it is essential
to treat river systems as a whole; habitat-state restoration techniques still take place depending on
the scale of the projects (many of which, because of the costs, are divided into smaller parts). Thus,
we claim that approaches described by Society for Ecological Restoration (SER) [10] may help to
establish proper ecological scope and the scale of river restoration actions. There are three general
approaches (Figure 2). The first one is a so-called “natural regeneration”, in which damage is low and
the environment has the ability to self-heal. When the level of degradation is more profound, “assisted
regeneration” is required. In this case, the drivers of ecosystem degradation should be removed, and
active interventions should trigger abiotic recovery. In the last approach, “reconstruction”, damage
to the environment is high. The ecosystem’s recovery may be achieved only by the removal and
correction of the degradation’s causes. Thus, according to the “assisted regeneration” approach,
habitat-state measures may be proper to restore some local disturbed reaches, with the assumption that
the watershed’s integrity is maintained. Approaches proposed by SER do not exclude assumptions of
process-based and habitat-state actions; instead, they intuitively help to define restoration goals and
measures based on estimation of the scale of damages and potential ecosystem’s ability to self-heal.
Moreover, in our experience, those approaches are more understandable for practitioners and water
management entities.

To include socioeconomic aspects in current river restoration approaches, more engagement
of social science is needed [63]. For instance, assessment and definition what is the social success
of river restoration in terms of process is required. For practitioners and scientists, those will be
improvement of ecosystem services, resilience of the ecosystems, or reinstatement of the processes. For
local communities, despite using variety communication strategies, those values and perception of the
river restoration (and the area) may be different. In this matter, considering traditional management
and local ecological knowledge may be useful. The broad range and holistic attitude of LEK (e.g.,
traditional management, observations of environment’s processes and state, and sustainable use
of natural resources) allows considering specific ecological features, as well as social and economic
conditions. Thus, incorporating LEK into the restoration may also be connected to landscape restoration
approach, in which in-depth understanding of landscape composition, structure, and function, as well
as the link between ecological integrity and meeting human needs, is required [64]. Socioeconomic
aspects may be extracted based on ecosystem services important for local communities and their
traditions. Semi-structured interviews used in ethnoecological studies [65,66] allow recognition of
the broader scale and source of the problem, people’s expectations, their needs and relations with
the landscape and management system. For instance, an 80-year-old male cited by Mustonen [37]
told about mires, connection with the Jukajärvi Lake, and causes of degradation: “The mires were
far wetter before. It caused the lake great damages when the ditches were made and mires drained
to the lake—these waters went straight into the lake. It caused great damages. They used to be
cloudberry mires, and we of course went there constantly.” Another story provided knowledge about
fishing, which has been and still is an important subsistence and cultural activity in the watershed [37].
Furthermore, dialog between local communities, practitioners, and scientists may help in conducting
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adaptive management, which was indicated in studies carried in collaboration with members of three
indigenous communities (in the United States, New Zealand, and Canada) who were engaged in river
restoration [27]. What is important is that incorporating LEK and considering related socioeconomic
aspects do not exclude assumptions of more specific ecological approaches (those in river restoration,
as well as in restoration ecology); instead, they may provide complementary types of knowledge and
restoration techniques matched to specific areas [10].
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Unfortunately, together with developing new approaches, the problematic matters are the
time lags between their descriptions and practical application [68]. Although scientists discussed
processed-based restoration more than a dozen years ago, outputs obtained with these measures are
still rare [69]. The number of restoration projects, which have been addressed on a scale reaching
beyond the river channel, have been increasing in the last decades; however, most of them are still
directed at the channel itself [57,70]. This may also be due to the above-described scale of the projects
and division into smaller implementation parts. Nevertheless, Naiman [62] stated that projects that are
addressed to the proper spatial scale of the problem and the key socioecological drivers of degraded
conditions are still singular.

The concept of considering LEK in the river restoration may meet the same time lags. However,
local people are experienced in their techniques, which may alleviate this delay. For instance, methods
recommended in Latvia to decrease macrophytes overgrow contain old local techniques such as
mowing with a scythe or devices mounted on a tractor or boat, but still are recognized as applicable
and effective [54]. River restoration is still a developing field; thus, some solutions have not been tested
over enough time in contrast to TEK and LEK, which are the results of long-term experimentation
and observation [24,40]. Additionally, TEK and LEK are changeable and adaptable to unpredictable
environmental dynamics [71]. The study performed by Gómez-Baggethun et al. [72] in southern Spain
indicates that utilizing TEK can increase socioecological resilience for even serious disturbances in
ecosystems caused by climate change.
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3.2. Developing the Reference Model in River Restoration

Measures of efficiency in restoration should not be based on the fact that the restoration “was
completed” because the planned actions were fulfilled. When planning river restoration actions, it is
therefore vital to set the goals one wishes to achieve. It has been thought that these goals should
be based on an appropriate reference (response) model, which should be subsequently used as a
guideline with which to assess restoration success [49,60,61,73,74]. The model provides information
about what system behavior (processes) and structure might be expected at the analyzed site [60].
In other words, the response model should recognize the spatial and temporal variability of river
ecosystems (its diversity and dynamics). Conceptualization of spatial and temporal variability [12]:
(1) excludes restoration to static equilibrium state; (2) assumes that historical data help to indicate
how a system functioned in the past, instead of determine the historical state to which restoration
should proceed; and (3) facilitates acceptance that the dynamics and diversity of rivers are important
for sustainable river restoration. Thus, relying on spatial and temporal variability is also related to
process-based approach of river restoration.

Information regarding “what the river should be like” may be provided by various types of data:
historical evidence and knowledge, reference site, hydraulic modeling, general stream classifications,
and common sense [6,49,58,61]. However, the data may be incomplete or the apparent structure and
composition may mask the invisible differences in functions [49,75]. Moreover, the overall perception
of restoration goals and interpretation of data is a subjective matter. Thus, some information may be
misinterpreted, and many uncertainties alter the restoration outputs [8]. What is important is that in
many cases the response model does not consider socioeconomic aspects [9,49,60].

In recent the SER Standards [10], the reference model is informed not only by reference site or
historical data and evidences, but by native ecosystems including traditional cultural ecosystems as well.
Moreover, the importance of various types of knowledge is highlighted [10,49,76]. This may include
TEK/LEK, the practitioners’ experience, and the researchers’ support, including experts with multiple
years of experience. In river restoration, mainly historical knowledge is appreciated, as it can indicate
how a system functioned in the past and may provide some trajectories of future changes [6,49,61],
but traditional cultural ecosystems and LEK are usually missed, although those may enrich the process
of defining the response model and fulfill knowledge gaps about the area (including socioeconomic
drivers of biodiversity).

People who possess LEK are good at observing the environment, especially extreme events,
variations, and unusual patterns [37,38]. Therefore, one of the biggest contributions of LEK to
restoration concerns is a knowledge about past and present conditions, which may indicate: (1) species’
composition, distribution, and behavior; (2) management techniques; or (3) the spatial and temporal
scale of changes and disturbances [37,40,77]. In other words, people are able to tell (for example,
by using typonyms) how different sides are used; which values present for the community; which
resources are available; what plants and animals they observe; what is in abundance and the distribution
of the species; how seasonality, temperature, and weather alter the environment; what disturbances
they observe; or what the spatial scale of changes is [27,37]. All this information may be used when
preparing a response model [48,77]. Moreover, the provided information indicates static (e.g., habitat
composition and species’ abundance) and dynamic conditions (e.g., direction of changes, rate of
changes, and response of the environment), which is difficult to achieve based only on historical
evidence or reference sites [49]. LEK could also allow the verification of information gathered by
scientists, which increases data validity [40]. For instance, Mustonen [37] quoted another narrative:
“then it is a time when the bays are sloshing when big bream fish come to spawn, they are midsummer
bream, it comes around both sides of midsummer. The water temperature affects it and also air needs
to be still and hot, over 25 ◦C. When the air is still you can see their fins. There is not a lot of bream and
when nets become dirty so easily we do not fish them so much.”
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3.3. Monitoring and Assessment of River Restoration Success

The criteria of Palmer et al. [61] for ecologically successful river restoration became a paradigm
for properly planned and implemented river restoration projects. Nevertheless, Wohl et al. [12] argued
that the majority of projects do not satisfy those central requirements. The failures of the actions
and problems with assessment may be due to time lags. These consist of delays associated with the
time needed to install or adopt measures leading to the improvement, the time required to manifest
the measures in a body of water, and the time needed to achieve a response in a body of water [68].
Time lags indicate that the proper time frame of an assessment is required, and it is strictly related to
monitoring river restoration projects, which should last long enough to observe the full spectrum of
positive and negative restoration effects. Unfortunately, quite often, insufficient (or short) pre- and
post-restoration monitoring makes such an assessment impossible [12,70,75]. Even if the monitoring
framework is appropriate, due to the lack of monitoring at the control site, one might not be sure that
changes are caused by restoration actions or are being driven by some external, broad-scale processes,
such as climate changes [7,78].

Monitoring of restoration results should be compared with the assumed model of ecological
response. Again, however, studies indicate that less than a half of terrestrial ecosystem restoration
projects used a reference model to compare their results to [79], which may indicate that the problem may
also occur in river restoration projects. Furthermore, there is confusion in terms of what improvement is
good enough to call a restoration successful, in terms of ecological as well as social conditions [9,79,80],
and perception of success may be subjective [81].

It is difficult to define a clear approach toward the assessment of river restoration actions (that
would consider environmental and socioeconomic aspects), as each site is specific. Hence, more general
guidelines appear, e.g., PRAGMO [82] or those in SER Standards [10]. Nevertheless, to solve current
problems with monitoring and assessment, a systematic and conscientious approach towards definition
of response model, specific goals/objectives, and monitoring frame (in scale of each project) are needed,
as restorations succeed when the assumed goals have been met [11]. The support in this matter,
especially to assess and achieve social success, may be participatory monitoring and considering the
interests of the local communities in assumed goals [10,11]. Participatory monitoring engages local
stakeholders in the process of collection and analysis of data resulting from restoration [10]. Such
partnerships can improve collaboration between stakeholders, make more satisfying decisions, and
strengthen stakeholder capacity and empowerment. Importantly, such monitoring is more beneficial
when it relies on information sources and methods that are relevant to stakeholders, rather than
conventional scientific approaches [10]. An additional contribution can be found in LEK, which also
fits very well to the concept of participatory monitoring. Observation of nature is common among
traditional users [26,38]. Monitoring based on LEK may be long term, rapid, and low cost, which are
very often the limiting factors of current monitoring frameworks [12,38]. The proximity of users also
allows day-to-day change observations [26], and the monitoring can be more beneficial and efficient as
it is performed by people with the best local knowledge about ecosystem, its spatial recognition, and
their own critical way of observation and events notification. An interesting example was provided by
Ballard et al. [43], where long-term, community-based forest management projects were studied. In
seven various demonstration initiatives, local communities were involved in the ecological stewardship
of forest ecosystem. First, they were recognized as valuable participants which can fill the gaps of
scientific methods. Second, the projects aimed to improve economic and social state of local community
along with a good health of forest ecosystem. Local rangers, forest workers, and residents actively
participated in design of management and monitoring together with hired scientists. Moreover, local
people were engaged in practical monitoring, data collection, and results interpretation, frequently by
using scientific methods on which they were trained. LEK of collectors of forest products and private
forest owners was documented and applied in activities design. The projects distinguish themselves
by the complex and equal to scientific involvement of LEK and local people in management and
monitoring of ecosystem. Specific use of LEK was also implemented in a number of North Iberian rivers
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in an AMBER project (Adaptive Management of Migration Barriers in European Rivers) [83], where
local people were involved in studies on alien species. The analyzed projects present multidimensional
involvement of local people and LEK in an ecological management; nevertheless, the authors concluded
the engagement as still not significant enough and not equal to the scientific part. The adduced projects
demonstrate practical possibility and benefits of local people engagement in monitoring process.
It supports an argument that other ecological project, such as river restoration, could also research this
method by designing its own way of collaboration with local community.

3.4. The Involvement of Local Stakeholders in River Restoration

Societal expectations, awareness, acceptance, and engagement are crucial and, in many cases,
are thought of as a key to “successful” restoration [3,9,60,84]. Thus far, engaging local communities
in the endeavor to increase the sense of ownership and the benefits provided by healthy ecosystem
has been advised [3,6,13,60,61]. As stated by McDonald et al. [60], restoration goals are strongly
influenced by public opinion and are open to dispute through the decision-making process. Thus,
for a long time, the actions undertaking the involvement of local communities were driven to alleviate
conflicts of interest, which would threaten the projects oriented toward restoring ecological values.
Afterward, the importance of social needs has increased, as restoration is an ecological as well as a social
process, as mentioned above. Nevertheless, the human dimension in river restoration has thus far been
inadequately defined because it is usually narrowed to socioeconomic concerns, such as recreation,
flood protection, ecosystem services, or management processes [27]. For example, Webber [85] noticed
that “not only ‘experts’ have information useful to reaching restoration goals”. Local stakeholders thus
far have not been appreciated and considered to be knowledgeable by scientists. Such an approach
by river management practitioners has made people unaware of their potential and the value of the
knowledge they possess for years. This is evidenced by lack of involvement in defining the reference
model or the scope of the projects. As a result, there is still evident distance between science and local
communities, which should not be the case in any adaptive management field [13], especially in a
practical field such as river restoration.

In restoration ecology, socio-oriented approaches appeared much earlier [42,49,76,86], and now
they consider cultural needs as well [10,11]. Thus, in the restoration process, all types of stakeholders
should be engaged and special attention should be paid to local communities, their needs, experience,
and knowledge. For this reason, we claim that the position of local communities in the current
process should be reconsidered. Reyes-Garcia et al. [48] identified that local communities participate
in restoration process activities in three ways: (1) by maintaining traditional practices; (2) by restoring
land degraded by other people; and (3) by joining restoration groups. Traditional practices combine
the use of natural resources (desirable from an economic point of view) with their protection, by
maintaining high quality ecosystems to keep the durability of resources [26]. Furthermore, it may
increase biodiversity [24,26,36,87,88]. When considering LEK, information about species and places
important to the community can be extracted [89]. This knowledge indicates ecosystem services
provided by local ecosystems [48] and may be used when planning key measures and adaptive
management [13].

Apart from more pragmatic benefits, the application of LEK may support and build a fair
relationship between scientists and local stakeholders, which currently seems to be difficult to be
achieved in river restoration. A common attitude the scientists have toward local practitioners was
aptly described by Johannes [90]: “Imagine people who confidently assume they can best describe and
manage the natural resources of an unfamiliar region alone ignoring local hunters who know every cave
and waterhole and the movements and behavior of a host of local species. Such, historically, has been
the custom of most scientists and natural resource managers working in unfamiliar environments”.
An example of fair relationship between scientists, local communities, management authorities and
indigenous people was described in the study of Fox et al. [27], where indigenous people involved in
river restoration had “gone from being researched to doing research”. They also shared stories and
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perspectives with the wider, non-tribal community what caused increase of trust and understanding.
The same process may occur when implementing local ecological knowledge in river restoration.
First, involving LEK shows an appreciation of the local people as specialists. Second, implementing
traditional practices may increase the community’s trust of implemented actions. Finally, understanding
local conditions may ensure the community that scientists seek to achieve the well-being of local
resources. Even if people are engaged in the river restoration process, without the confidence of the
appropriateness of the activities undertaken, they will discontinue restoration actions in the long term.

LEK has the potential in the river restoration field [9,10,27], but not every aspect of it may be used
in the applied ecology (Figure 1). Uprety et al. [40] argued that due to changes in conditions, loss of the
meaning, or the stagnation and irrelevance over time, the application of some traditional practices may
be useless. Another problem may be the application of LEK in current management schemes, which
may neither support nor suit the local context [9,24,39,41]. For instance, in an already implemented
forest management project integrating local communities and their knowledge, economic, political,
and legislative obstacles preventing LEK to flourish were recognized [35,43]. Nevertheless, when
considered with caution, LEK can help to fill the gaps in the stakeholders’ understanding of ecological
processes [40] and provide a balance between ecosystem recovery and societal needs. As stated by
Collier [9], “involving cultural values can rebalance the conversation from a focus on human needs
more towards sustaining certain ecological functions through grounding in traditional practice and
knowledge”. The contribution of LEK provides something more than the approaches used in river
restoration because people’s awareness of the world and their experiences are appreciated. This allows
them to understand the restoration actions and provide help to maintain traditional practices, which is
beneficial for the community and helps repair human–river relationships [27].

Finally, we state that the applicability of LEK in river restoration can improve adaptive management
of ecosystems, by providing a valuable feedback to setting and verifying goals of river restoration,
adjustment of restoration measures when they have been proved as ineffective, and monitoring and
implementation (Figure 1). Then, eventually, even in cases of not completely effective river restoration
projects, the active involvement of local people and appreciation of their site-related knowledge may
allow this method of river management to be recognized as a tool applied on their demand rather than
a kind of intrusive action of managers from beyond. One can better accommodate his/her own ideas
than those of others.

4. Conclusions and Recommendations

Water resources management through river restoration requires a comprehensive approach that
addresses issues of a physical, ecological, socioeconomic, and cultural nature [9,58,60]. As a result,
contemporary river management is still far from satisfactory, especially in regard to river restoration
success [61]. By highlighting the main issues, threats, and opportunities, we intend to indicate the
need to improve these approaches and propose supportive solutions rather than criticize the current
practices. First, we propose that river restoration plans and projects should draw from restoration
ecology. In both fields, approaches evolved with the time; however, current approaches in restoration
ecology define basic issues (such as involvement of local communities) more properly than in the field
of river restoration. Second, similar to Fox et al. [27] and Collier et al. [9], we maintain the importance of
LEK and TEK in river restoration. Thus, local stakeholders’ involvement and their position in current
processes and projects should be reconsidered. We claim that the knowledge about the extensive
use of rivers and riverine landscapes would provide a balance between ecosystem recovery and a
local society’s needs (Figure 1). Additionally, the appreciation of people’s knowledge about habitats,
organisms, ecological processes, and landscapes and their ability of observation can contribute to
alleviating the presented river restoration problems. The utility of LEK has already been recognized
in restoration ecology [10,41,42,49]. In river restoration, this approach is relatively new [27,37,50,51],
and, in most cases, LEK is still systematically overlooked (e.g., when preparing a response model).
Scientists, in most cases, are unaware of or reluctant to use local ecological knowledge as a valid type
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of knowledge. We claim that it may be due to different interpretations and understanding of what it
means for something to be “tested”. For scientists, such experiments will be designed well and will
have enough replicates, while, for local people, day-by-day observation and the empirical knowledge
gathered by ancestors will suffice. Additionally, such a way of thinking is a challenge for scientists,
who are used to assessing ecosystems via quantity-based data [9]. Another reason for this may be the
negative attitudes scientists have toward local people as perpetrators of degradation.

Incorporating LEK into river restoration faces several challenges, from gathering and
understanding data to its incorporation in the management process [39,40,48]. Contribution of LEK to
restoration activities is still absent in the decision-making process, even though it provides promise
for improving management [9,24,41]. Moreover, even if it appears in restoration guidelines [10,11],
practical hints for how to gather, use, and implement LEK in river restoration are still required.
This would allow finding overlapping aspects of river restoration by increasing social acceptance
and allowing the managed river environment to face future challenges with higher level of resilience,
resulting in freshwater biodiversity persisting under changing scenarios and novel pressures.
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