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Abstract

Public participation in the management of water resources is gradually being incorporated into
environmental monitoring programs. However, effective performance depends on the
applicability of the methods and on the scope of public enroliment because of the complexity of
the local ecological knowledge (LEK) acquired to support the process. This study aimed to
evaluate the relationship between LEK and scientific knowledge (SK), with an emphasis on
water quality. Social and natural science methods were used. The study involved a conservation
unit (CU) located in the Alto Uruguai region of southern Brazil and consisted of two stages: (i)
interviews using a socio-environmental diagnosis of the community surrounding the CU and (ii)
the collection of benthic macroinvertebrates at sampling sites located within and outside the CU.
The study hypothesis that LEK could predict water quality was not confirmed (r= 0.19; p= 0.07).
However, the data suggested that LEK might tend to act as an indicator of environmental quality.
Although, the relationship between LEK and SK was not completely specified, the study
identified several features associated with water quality. This result provided a preliminary
approach to the understanding of water quality. We suggest that future studies include additional
variables potentially related to water quality and that such studies also incorporate temporal
perspectives. The addition of LEK to SK can, indeed, furnish a more complete understanding of
the management and conservation of a natural system.

Keywords: Biological variables - Ethnolimnology - Environmental conservation -
Participatory monitoring.
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Introduction

In the past decade, there has been an increasing and explicit academic interest in
the role of local ecological knowledge (LEK) in the science and governance of
environmental systems, particularly in ecology (Alves 2008; Johannes et al. 2000;
Laborde et al. 2012a). The formal inclusion of LEK may improve environmental scientific
research in at least two dimensions (Calheiros et al. 2000): first, the policy
recommendations resulting from such research are more likely to be accurate,
recognized and implemented by local people who have ‘bought in’ to the research
process; secondly, local people may derive a sense of personal and community pride
from helping interested and educated outsiders with their research. Perception indicators
may therefore, according to Webb (2004), represent a crucial tool for evaluation, given
the widespread lack of quantitative data in many biologically important regions. This
could contribute through the formation of groups of voluntary environmental agents in
the communities and may be incorporated into official programs (Firehock and West
1995; Fore et al. 2001; Buss 2008).

Meanings related to particular locations emerge from this process, particularly in
relation to aquatic systems (Strang 2004; Toussaint 2008). The engagement of local
communities has also been identified as a key component of ‘adaptive management’ for
water resources and beyond (Pahl-Wostl et al. 2007; Huitema et al. 2009), a
complementary approach to integrated management that emphasizes continuous
learning and experimentation between and among scientists, managers, and
communities to better address the complexity and uncertainty inherent in social—
ecological systems (Tompkins and Adger 2004). The field of human ecology studies the
relationships between people and their environment and normally involves conservation
units (CUs) in which the people reside or that affect the people in various ways. The
majority of CUs were created without considering aquatic environments; however, they
are capable of protecting a considerable number of water bodies and are therefore of
great importance for aquatic species (Agostinho et al. 2005; Abell et al. 2007).

According to Bensusan (2006), if improper use of land and natural resources
continues outside protected areas, the future of the CUs will be threatened. Among the
aquatic organisms that have suffered as a result of intense habitat degradation, benthic
macroinvertebrate assemblages have been frequently studied due to their importance in
the flow of energy and nutrient cycling in freshwater ecosystems. These assemblages
are highly useful indicators of environmental quality (Rosenberg and Resh 1993; Moretti
et al. 2007; Trevisan and Hepp 2007; Melo 2009). Assessing and considering the
perspectives of all groups affected by a management decision, including citizens who
perceive meanings for a particular place (thereby ‘stakeholders’ in any decision affecting
that place), have been encouraged by water management frameworks in the past two to
three decades through the implementation of participatory processes under the general
framework of ‘integrated management’ (United Nations 1992; European Union 2000;
Creighton 2005).

Davis and Wagner (2003) argue that LEK can be translated, practically and
fundamentally, into alternative approaches to the relationships with and management of
naturally occurring resources. It can be argued that these approaches would necessarily
be much more sensitive to and inclusive of LEK, thereby embodying local practices,
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concerns, priorities and sensibilities. These approaches would also serve to provide
peoples and communities with a much greater capacity to self-direct and self-manage,
thereby empowering them through the provision of control over core factors in their lives
and livelihoods. These practices are related to the ways in which people manage the
environment itself and the engagement of the people influences these practices. The
users of these resources view the environment in different ways, and their actions are
based on their perceptions, experiences and knowledge (Blakie 1995).

According to Laborde et al. (2012b), studies that attempt to apply LEK to resource
management remain scarce because LEK is (i) generally qualitative, requiring social
science methods to be accessed and interpreted and, (ii) because there is no way to
quantify the uncertainty of information obtained through LEK, making it difficult to
integrate this information with a natural science framework. To address the issue of the
quantification of the uncertainty of LEK information, the present study is part of an effort
to meet the demands of environmental and governmental agencies for monitoring
approaches and for the development of evaluation methods for the management of
water resources. The researchers must abandon their preconceptions, must hear and
understand what the interlocutor is saying, must not make translation errors and must
not treat preliminary analyses as if they were conclusive (Siqueira 2012a).

In addition, Albuquerque (2013) comments that we must advance not only the
incorporation of theory into our work, but must also evaluate the quality and
appropriateness of the methods we use. In limnological research, changes are
necessary to allow the discipline to become a science that is also focused on the
application of results to the recovery, sustainable use and preservation of continental
aquatic ecosystems (Esteves 2005). For this purpose, we hypothesized that LEK can
predict and complement SK, i.e., LEK can guide the process of scientific inquiry. To this
end, the aim of this study was to evaluate the relationship between LEK and SK, with an
emphasis on water quality, using a socio-environmental diagnosis of a community in the
area surrounding a CU.

Materials and methods
Study area

This study was conducted in the northern region of the state of Rio Grande do Sul
(southern Brazil), in the Mata do Rio Uruguai Teixeira Soares Municipal Natural Park
(PTS) (Figure 1). The area of the park is 429.65 ha. The annual average precipitation is
1,708 mm (Restello and Penteado-Dias 2006). The PTS is the first area established to
protect biodiversity in the Alto Uruguai region and is one of the noteworthy fragments of
the remaining araucaria rain Forest (Oliveira-Filho et al. 2006). Given this background,
the location was selected for study because a human settlement in the area was
available for research. The villages surrounding the PTS are Nossa Senhora da Saude,
Sao Caetano and Teixeira Soares or Esperancga (Figure 1).

In the study region, agricultural areas are located west of the Teixeira Soares
river in the vicinity of the villages of Nossa Senhora da Saude and Teixeira Soares.
However, note that a substantial number of pensioners reside in these areas. This
characteristic is related to the population exodus that agricultural zones are experiencing
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to the detriment of local and regional urban centers (Socioambental 2001). The research

was conducted in march and october 2009 and, involved two stages. The first stage was
to analyze the LEK of the communities surrounding the PTS, whereas the second was to

evaluate the water quality within and outside the PTS.
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Figure 1. Localization and distribution of sampling sites and surrounding communities
for the current study of the Mata do Rio Uruguai Teixeira Soares Municipal Natural Park
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Local ecological knowledge: data collection

The present research was designed to elicit information from the residents of the
study area. The modeling framework used in the research involved a two-stage
approach consisting of model formation and testing (Figure 2). The first stage involved
an interactive process of definition and redefinition of variables based on the results of
structured interviews, whereas the second stage involved adjustments to the model
following the interviews and the insights that resulted from the interviews. The principle
behind this approach is that people understand their own circumstances better than
researchers from outside the area (Gladwin 1989).

Research = romalmpdal |
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(Scientific formulation
knowledge and
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experience) knowledge and
experience)
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(data collection)
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Phase | Phase Il
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Figure 2. Research methodology combining local ecological and scientific knowledge,
adopted from Calheiros et al. (2000).

Initial visits to the study area were made, and, a draft questionnaire was tested in
a pilot study. Laborde et al. (2012b) consider such a prior approach a key element of
studies that aim to integrate LEK and SK. Accordingly, following adjustments to the
questionnaire, data were collected from residents belonging to the Neighbour’s
Association of the PTS (NAPTS). The ages of the residents ranged from 52 to 80 years.
A member of each family was interviewed, resulting in a total of 12 questionnaires. Each
questionnaire included ten questions (Table 2). Gladwin (1989) states that research of
this type requires a minimum of ten interviews. In fact, the present study included 12
head-of-household oral interviews. These interviews represented 100% of the member
families of the NAPTS.

At the time of the interview, the questionnaires were given to the family
member(s), who had the option of choosing the respondent. Davis and Wager (2003)
have discussed a highly problematic aspect of LEK documentation to date, namely, the
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lack of attention to methodology. The identification and selection of local knowledge
“experts” is an issue of particular concern.

Water quality

Benthic macroinvertebrates were collected in the spring (October/2009) at six
sites in the hydrographic basin from stone substrates in second- and third-order streams
with a Surber sampler (0.1 m? area and 250 um mesh net). At each sampling site, two
pseudo-replicates were collected, totaling 0.2 m? in area for the site. The sites were
located within the PTS and in the area surrounding it (Table 1). The collected biological
material was fixed in loco with 80% alcohol, taken to the laboratory and washed in 2.0,
0.5 and 0.25 mm mesh sieves. Organisms were identified at the lowest possible
taxonomic level using the identification guidelines of Merritt and Cummins (1996),
Fernandez and Domingues (2001) and Costa et al. (2006). According to Melo (2005),
Corbi and Trivinho-Strixino (2006) and Buss and Vitorino (2010), family-level
identifications of benthic macroinvertebrates for biomonitoring purposes do not
compromise the results. The identified material was deposited in the Collection of
Benthic Invertebrates at the Museum of Alto Uruguai, Regional University Integrated of
Alto Uruguai e das Missdes (URI).

Table 1. Characterization of the sampling sites located inside and outside in the Mata do
Rio Uruguai Teixeira Soares Municipal Natural Park.

S.ampllng Lat/long Rivers Altitude Width Depth
sites (m) (m) (m)
p1 -27°29'54.4” -51°57°00.9” ;e'xe"a 398 4 0.07
oares
p2 -27°30'32.4” -51°57’17.4” Quinto 414 3.5 0.08
o ) ” o i) iR Séo
p3 -27°2942.3” -51°56°22.8 c 392 1.5 0.05
aetano
o ) ” o ) LR Séo
p4 -27°30°36.7” -51°56'16.1 619 0.9 0.09
Caetano
p5 -27°30°05.6” -51°55'34.6” Esperangca 621 2 0.11

p6 -27°29°'36.4” -51°55'21.9” Esperanga 431 2.2 0.13
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Data analysis

Several techniques can be used for gathering both qualitative and quantitative
LEK data, such as conversations with informants (Silvano et al 2008), guided tours
(Huntington 1998), semi-directive interviews (Marques 1991) and, standardized
structured questionnaires containing previously defined questions (Johannes 1993;
Silvano 2004). There is not an ideal one as the best approach depends ultimately on the
goals of each study (Huntington, 2000). This way, the choice according to aim was to
analyze the LEK of the community by standardized structured questionnaires (see Table
2). In the present study, the LEK of the community was analyzed by standardized
structured questionnaires (Table 2). In addition, a biological index was used to evaluate
the water quality (Biological Monitoring Working Party Index- BMWP) from the identified
fauna. The BMWP index is based on 1-10 scores for each family based on their
sensitivity/tolerance to anthropogenic impacts. The water quality is based on the sum of
scores of all families at a site, and a table is used to determine the water quality of the
site (Mandaville 2002). Note that this instrument was originally designed for use in
Europe. The characteristics of the Alto Uruguai region (southern Brazil) differ from those
of the European sites for which the instrument was originally designed. However, many
studies have used this tool with satisfactory results (Junqueira et al. 2000; Konig et al.
2008; Monteiro et al. 2008; Roche et al. 2010).

The relationship between LEK and water quality (benthic macroinvertebrate
composition) was assessed with a Mantel test (Legendre and Legendre 1998; Manly
2008). The data matrix representing the knowledge of the residents was constructed
based on categories that were related relatively closely to the topic of water resources
(Table 2). The test was based on 10,000 permutations (Jackson and Sonners 1989).
The analysis was performed using the ‘vegan’ package of the R statistical system
(Oksanen et al. 2009; R Development Core Team 2009). The Mantel test consists of
calculating a correlation between two distance matrices. This calculation is followed by a
randomization procedure or the use of a parametric approximation to evaluate whether
the observed correlation differs from a random expectation (Jackson and Sonners 1989;
Manly 2008; Bini 2004). This analysis is interesting and appropriate for this purpose
because any type of data can be used to construct association matrices (e.g.,
continuous, ordinal or binary data) (Peres-Neto and Jackson 2001).

Results
Local ecological knowledge: arrangement of questionnaires

At the time of the survey, 12 residents were available and agreed to participate in
the study. These individuals can be considered key players due to their influence on
river health and the ecological integrity of the watershed. Our sample appears
quantitatively sufficient because it includes the entire study population (deterministic
approach). In general, the inhabitants felt committed to and responsible for
environmental protection according to the answers shown by variables 1, 6 and 8 (Table
2). Three of the variables (3, 5 and 9) elicited responses that varied among the
interviewees.
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Table 2. Answers of the interviewed residents (%) to the questionnaire items related to
water quality.

Variables Yes No
1. | see the importance in keeping the vegetation (riparian zone). 75 25
2. | perceive a change in the water quantity of the water bodies/rivers. 75 25
3. | perceive a change in the water quality of the water bodies/rivers. 50 50
4. The dry spell has been aggravated. 83 17
5. The dry spell is a natural phenomenon. 50 50
6. The septic tank is the final destination of the sewer. 83 17
7. | participate in Environmental Education events. 75 25
8. | would like to learn more about water and/or related subjects. 83 17
9. | use water bodies/rivers for animals drink. 58 42
10. | prefer the time before the Park. 67 33
Water quality

During the study, a total of 1,362 organisms were identified. Chironomidae was
the most abundant family. According to the BMWP index, the water quality was good or
very good at five sites (Figure 3).

MODERATE l

VERY BAD

BMWP scores

p1 p2 p3 p4 p5 p6

Sampling sites

Figure 3. BMWP values for sampling sites located within and outside the Mata do Rio
Uruguai Teixeira Soares Municipal Natural Park.
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Local ecological knowledge and scientific knowledge: a possible approach?

The inhabitants’ knowledge was integrated with the conditions during the period
of the study and with the benthic macroinvertebrate composition to construct a biotic
matrix to correlate the answers of the interviewees. The Mantel test revealed a positive
correlation (r= 0.19; p= 0.07).

Discussion

The results of the Mantel test showed that the knowledge of those interviewed
was not a statistically significant reflection of the water quality found at the sampling
sites. Although the hypothesis was not confirmed, the positive correlation indicated a
trend in the expected direction. Water quality is a social construct (World Resources
Institute 2001) in which the LEK of the individuals is based on the relationship
established with the environment over time. In ethnolimnology, knowledge is difficult to
quantify because it may not be an accurate reflection of reality or, as science perceives
the process, does not emphasize the interactions between humans and the environment;
people living in communities that are highly concerned about water quality are less likely
to agree strongly about this issue (Gartin et al. 2010).

The analysis of the separate variables showed that Perceived change in the water
quality of the rivers and the dry spell is a natural phenomenon (Table 2) resulted in
disparate answers. We may argue that the observations of the present study reflect the
spatial and environmental heterogeneity of the inhabitants. These variables are closer
than others in terms of water quality and quantity perception, respectively, and these
characteristics contributed to the final result (Mantel test). Franca (2006) has
commented that maintaining the qualitative and quantitative recovery of the water
sources is strongly conditional on people’s social conscience relative to the
environmental benefits generated by protected ecosystems. The same author has noted
that the residents who use water from the rivers are more strongly dependent on this
resource, are more inclined to be in contact with the environment and are therefore
capable of recognizing negative environmental effects.

According to previous studies, the improvement in the integrity of water bodies
located inside of CUs relative to water bodies on the margins is evident and is effective
for facilitating the preservation and biodiversity of lotic ecosystems (Agostinho et al.
2004; Takeda et al. 2004; Train and Rodrigues 2004; Paz et al. 2008). The lack of
participation of any social actor, especially the ones that are more affected by
environmental problems, reduce and simplify the reality and the complexity of
environmental problems, allowing only partial interventions (Buss 2006). The authors of
this previous study have suggested that involvement in specific regulatory practices,
which are focused on the substantial participation of the interested parties, could
increase concern (interest) for the environment because participation in environmental
politics is a significant determining factor in the environmental perception of water
pollution. Participation may represent and further enable interactions between forces
that complement and antagonize a community.

Nevertheless, ethnographic studies rescue local knowledge from a portion of the
population that has direct or indirect contact with the environment (Siqueira 2012b), as
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reported in the present study. The environmental and social profiles of the inhabitants
suggest that they are highly capable of acting to favor the conservation of the
environment on both a medium-term and a long-term basis. This scenario requires
educational intervention so that inhabitants contribute to the maintenance of all aspects
of biodiversity, e.g., the delicate relationship between the environment and the
socioeconomic and cultural historical context of the region.

The primary function of the strategy of including public participation in the process
of environmental management while contributing to the autonomy and citizenship of
those who live next to these areas (environmental monitoring) has the advantage that
the local inhabitants use scientific monitoring tools to track the changes in the
environmental conditions and also become active citizens in the process. The perception
of the inhabitants, in this case, does not have a specific mechanism by which it
represents the environmental conditions of the site. In contrast, variables related to
water quality are used to understand the environmental conditions. Moreover, previous
studies have shown that the duration of engagement with the process and the public’s
pro-environment perceptions have the strongest relationship to the issue of water
pollution (Gelcich et al. 2008) and that the addition of LEK to SK provides a more
complete understanding of the management and conservation of a natural system
(Calheiros et al. 2000).

This study demonstrates that the decentralization of power helps to support the
management of water resources by minimizing time and costs and improving the quality
of life. The increasing importance of ethnolimnology is confirmed by its use as a tool for
environmental conservation by directly associating economic, cultural, biological and
social issues (Souto and Alves 1999; Luna 2008). According to Silvano et al. (2005),
LEK is a key element in determining strategies for conserving natural resources.
Although the understanding of the connection between LEK and SK is incomplete,
progress has been made in identifying the features of LEK associated with water quality.
These results offer a preliminary approach to understanding the connection between
LEK and SK. We suggest that future studies include additional variables potentially
related to water quality and that such studies also incorporate temporal
perspectives.The proposed methods can be incorporated in conservation efforts and/or
used in ways that differ from alternative approaches to similar issues, contributing to
better engagement of the complex collaboration between LEK and SK and to
comprehensive quantitative data collection.
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