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the influence of environmental integrity
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Abstract: Aim: This study aimed to determine the effectiveness of a Conservation
Unit (CU) in maintaining the quality of freshwater habitats and to evaluate the influence
of environmental integrity on benthic macroinvertebrate assemblages. Methods: The
research was conducted at sampling sites located within and outside of the CU in the Alto
Uruguai region, southern Brazil, and included two stages: (i) the collection of benthic
macroinvertebrates and (ii) the application of a Rapid Assessment Protocol (RAP) to
characterise the habitat quality. Results: A total of 1,362 benthic macroinvertebrates were
collected during the study, totalling 30 zaxa. The densities within and outside the CU were
significantly different (F= 160.08; p= 0.05), and the Shannon diversity and taxa richness
followed the same pattern (F= 118.72, p= 0.05; and F= 176.33, p= 0.04, respectively).
In contrast, the Pielou equitability did not differ within and outside the CU (F= 0.19,
p= 0.74). The biotic index (Biological Monitoring Working Party) indicated that water
quality was good or very good in the majority of cases. Most of the sampling sites were
classified as ‘natural’ according to the RAP. The taxa richness was significantly related to
habitat diversity (F= 7.24; p = 0.05), but no significant relationship was found between
the habitat diversity and the Shannon diversity (F= 2.13, p = 0.22). Conclusion: The
CU was effective for the conservation of water quality and the freshwater biodiversity of
benthic macroinvertebrates. The results show that the environmental integrity was related
to the distribution of benthic macroinvertebrates, primarily to the taxa richness. More
detailed investigations need to be developed to better understand these relationships and
to take into account the temporal scale. An analysis of the most significant sources of
stress on the aquatic life outside the area is recommended.

Keywords: benthic macroinvertebrates, protected area, habitat diversity, spatial
distribution, freshwater ecosystem, Southern Brazil.

Resumo: Objetivo: Este estudo teve como objetivo determinar a eftcicia de uma
Unidade de Conservagao (UC) em manter a qualidade de hdbitats aqudticos e avaliar
a influéncia da integridade ambiental sobre as assembléias de macroinvertebrados
bent6nicos. Métodos: A pesquisa foi realizada em pontos amostrais localizados dentro
e fora de uma UC na regiio do Alto Uruguai, sul do Brasil, e incluiu duas etapas: (i) a
coleta de macroinvertebrados bentdnicos e, (ii) a aplicagio de um Protocolo de Anilise
Rdpida (PAR) para caracterizar a qualidade de habitat. Resultados: Um total de 1,362
organismos foram coletados durante o estudo, totalizando 30 zzxa. As densidades dentro
e fora da UC foram significativamente diferente (F= 160.08, p= 0.05), ¢ a diversidade
de Shannon e riqueza de tdxons seguiram o mesmo padrio (F= 118.72, p= 0.05; ¢ F=
176.33, p=0.04, respectivamente). Em contraste, a equitabilidade de Pielou nao diferiu
dentro e forada UC (F= 0.19, p=0.74). O indice bidtico (Biological Monitoring Working
Party) indicou que a qualidade da dgua foi boa ou muito boa na maioria dos casos. A
maioria dos pontos amostrais foram classificados como “natural’ de acordo com o PAR.
A riqueza de tdxons foi significativamente relacionada com a diversidade de habitat (F=
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7.24, p = 0.05), mas nenhuma relagao significativa foi encontrada entre a diversidade de
habitat e a diversidade de Shannon (F=2.13, p = 0.22). Conclusio: A UC foi efetiva para
a conservagdo da qualidade da 4gua e a biodiversidade aqudtica de macroinvertebrados
bentonicos. Os resultados sugerem que a integridade ambiental estava relacionada com
a distribui¢do de macroinvertebrados bentonicos, principalmente com a riqueza de
tixons. Investigacdes mais detalhadas devem ser desenvolvidas para compreender melhor
essas relacoes e levar em conta a escala temporal. Recomenda-se uma andlise das mais
importantes fontes de estresse a vida aqudtica fora da drea.

Palavras-chave: macroinvertebrados bentdnicos, drea protegida, diversidade de
habitat, distribui¢do espacial, ecossistema de dgua doce, Sul do Brasil.

1. Introduction

Historically, most protected areas (PAs) have
been designated to protect charismatic terrestrial
species, outstanding scenic value, or the sources of
water supplies for urban and agricultural purposes.
These areas provide only incidental protection to
freshwater biodiversity (Crivelli, 2002; Dudley
and Stolton, 2003; Agostinho et al., 2004; Ibase,
2006; Abell et al., 2007; Medeiros et al., 2011).
This situation persists because few models of good
designs for PAs exist, and traditional notions of
PAs are difficult to apply to the freshwater realm
(Abell et al., 2007). Although they remain rare,
such areas, including conservation units' (CUs),
a particular category of protected area in Brazil,
have been established specifically to protect
freshwater species and habitats (Saunders et al.,
2002), and interest in freshwater conservation has
been growing, both in the scientific community
and among conservation organisations (Allan and
Flecker, 1993; Trout Unlimited, 1993; Moyle
and Yoshiyama, 1994; McAllister et al., 1997;
Richter et al., 1997; Young, 1997; Master et al.,
1998; IUCN, 1999; Braun et al., 2000).

More recently, PAs have been designated based on
a broader array of values. However, these PAs often
fail to conserve the aquatic features within the areas
due to a lack of consideration either of freshwater
ecosystem needs in their design and management
or of the broader context in which they operate
(Thieme et al., 2012). Legally protected status is
not sufficient to preserve ecological integrity in most
anthropogenically altered areas (White and Bratton,
1980; Lajeunesse et al., 1995). 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. The primary input to these processes is
allochthonous litter occurring in riparian zones

! National System of Conservation Units (NSCU) (2000).

in limnic ecosystems (Rosenberg and Resh, 1993,
Moretti et al., 2007, Trevisan and Hepp, 2007).
These processes result in a longitudinal gradient of
organic matter transformation and nutrient sources
along an ecological continuum (Vannote et al.,
1980; Callisto and Gongalves, 2002; Giller and
Malmgvist, 2008).

The creation of PAs does not automatically
result in the improvement of the biological quality
of streams, and their size does not play a decisive
role in preserving the benthic macroinvertebrate
community (Mancini et al., 2005). Development
projects that reduce the vegetative cover of riparian
zones have several impacts on streams (Naiman etal.,
1993; Calow and Petts, 1994; Ataroff and Rada,
2000; Neill et al., 2001). For example, dam building
or the diversion of water for agriculture can occur
outside park boundaries and still have negative
consequences for freshwater habitats within the park
(Saunders et al., 2002). As a result of these factors,
the causes of and solutions for the pollution of water
resources are not found directly within the water
body itself (Pereira-Silva et al., 2011). The search
for causes and solutions of water pollution should
consider entire river basins and should integrate
other environmental resources and analyses of the
environmental structure (Moulton and Souza,
2006)

In this context, the application of rapid
evaluation techniques has attracted interest.
Rapid evaluation techniques are usually used in
biomonitoring programmes because they offer
simplicity, low cost, and decreased sampling
efforts (Buss, 2008). Many researchers support the
application of these protocols (Plafkin et al., 1989;
Resh, 1995; Silveira et al., 2005). This approach
focuses on the use of benthic macroinvertebrates
and rapid evaluation techniques to supply accurate
information for use in pollution research. The
present study aims to evaluate the effectiveness of a
CU for the maintenance of the quality of freshwater
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habitats and the influence of environmental
integrity on benthic macroinvertebrate assemblages.

2. Material and Methods

2.1. Study area

This study was conducted in October 2009 in
the Mata do Rio Uruguai Teixeira Soares Municipal
Natural Park (PTS), located in Marcelino Ramos
city, situated in the northern region of Rio Grande
do Sul state (Southern Brazil). The area covered
by the park is 429,65 ha. The annual average
precipitation in the area is 1,708 mm (Restello and
Penteado-Dias, 2006). The PTS is the first area to
be protected for its biodiversity in the Alto Uruguai
region and is one of the noteworthy remaining
fragments of the Latifoliada subtropical forest
(Rampazzo et al., 2000) (Figure 1).

The study consisted of two stages. First, the
benthic macroinvertebrates were collected, and
during the second stage, a Rapid Assessment Protocol
(RAP) was applied to characterise the environmental
integrity (habitat quality) according to Callisto et al.
(2002). The benthic macroinvertebrates were
sampled from stone substrates with a Surber sampler
(mesh= 250 mm; area = 0.1 m?) at six sampling
sites, with two pseudo-replicates at each site, in
second- and third-order streams. Sampling sites
pl, p3, and p5 were located inside the PTS, and
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sampling sites p2, p4, and p6 were located in the
surrounding areas (Table 1).

The collected biological material was fixed in
situ with 80% alcohol, taken to the laboratory,
and washed in sieves to remove the organisms. The
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. (2000).
According to Melo (2005) and Corbi and Trivinho-
Strixino (2006), 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, Universidade Regional Integrada do Alto
Uruguai e das Missoes (URI).

2.2. Data analysis

To analyse the structure of benthic
macroinvertebrate assemblages, the density
(ind.m™), taxa richness, Shannon diversity, and
Pielou evenness were calculated (Magurran, 2004).
A two-way analysis of variance (ANOVA) was used
to evaluate the differences in the structure within
and outside of the PTS using the parameters
previously cited.

A linear regression analysis was used to
characterise the influence of habitat diversity (RAP)
on taxa richness and Shannon diversity (Gotelli and
Ellison, 2004). Water quality was evaluated using

52°00'0"W 51°50'0"W

27°20'0"S

27°30'0"S

ﬁ

Km

Figure 1. Locations and distribution of the sampling sites within and outside the Mata do Rio Uruguai Teixeira
Soares Municipal Natural Park (PTS), situated in the northern region of the state of Rio Grande Do Sul, Marcelino

Ramos, 2009 (Southern Brazil).



2013, vol. 25, no. 4, p. 442-450

Conservation unit and water quality... 445

Table 1. Characterisation of the sampling sites located inside and outside of the Mata do Rio Uruguai Teixeira Soares

Municipal Natural Park, 2009.

Pontos Lat./long Altitude* Width* Depth*
p1 —27° 29’54 .4” -51°57°00.9” 398 4 0.07
p2 —27° 30’ 32.4” -51° 57 17.4” 414 35 0.08
p3 —27°29'42.3” -51° 56’ 22.8” 392 1.5 0.05
p4 —27° 30°36.7” -51° 56" 16.1” 619 0.9 0.09
p5 —27° 30’ 05.6” -51°55'34.6” 621 2 0.1
p6 —27° 29 36.4” -51° 55" 21.9” 431 2.2 0.13

*Values in meters.

a biotic index (Biological Monitoring Working
Party - BMWP) (Mandaville, 2002). All analyses
were performed with the R statistical programme
(R Development Core Team, 2009).

3. Results

3.1. Benthic macroinvertebrate assemblages and
environmental integrity

A total of 1,362 benthic macroinvertebrates
were collected during the study, totalling 30 zaxa.
The densities within and outside the PTS were
significantly different (F= 160.08, p= 0.05), and
the Shannon diversity and taxa richness followed
the same pattern (F= 118.72, p= 0.05; and F=
176.33, p= 0.04, respectively). In contrast, the
Pielou evenness did not differ (F= 0.19, p= 0.74).

The water quality varied from “moderate” to
“very good”, with “good” quality found at most
sampling sites. The habitat diversity was classified as
“natural” at all sampling sites with the exception of
6. Asignificant relationship was identified between
the taxa richness and environmental integrity (RAP)
(F=7.24, p= 0.05), with the opposite was observed
for the Shannon diversity (F= 2.13, p = 0.22)
(Table 2).

4. Discussion

4.1. Benthic macroinvertebrate assemblages and
environmental integrity

Significant differences in the structural attributes
of benthic macroinvertebrate assemblages were
found within and outside the PTS. Many studies
developed in protected areas associate the results with
the environmental integrity found (Fricovd et al.,
2007; Paz et al., 2008; Roux et al., 2008). Decreases
in these habitat characteristics can produce a
decrease in the number of individuals, affecting the
structure and composition of the resident biological
communities (Kay etal., 1999; Stenert et al., 2002).

The RAP confirmed that the habitat diversity
at the majority of sampling sites was classified as
“natural” because the characteristics of these sites
showed a high level of environmental integrity.
Sampling site p6 was the sole exception (Table 1).
This sampling site is located outside of the PTS
in an agricultural matrix, which contributes to
its low punctuation. The instrument used for the
assessment was satisfactory for the present study.
However, it was originally designed for use in the
central region of Brazil, and the characteristics of
the Alto Uruguai region differ from those found in
the central region.

These differences may influence the classification
of the sampling sites, and the instrument may
require adaptations for the Alto Uruguai region.
Modifications are currently being discussed and
implemented at various centres for research in Brazil
and in the laboratory at URI. For the present study,
although the structural attributes were correlated
with the environmental integrity (taxa richness
and Shannon diversity), only the taxa richness
correlation was significant.

In accordance with Flotemersch et al. (2011),
the taxa number collected at a given site will increase
with sampling effort but will also vary with the
biogeography, behaviour, and abundance of the
species being sampled and the patchiness of the
macrohabitat types. The decrease in habitat diversity
causes a decrease in benthic macroinvertebrate
richness (Armitage and Petts, 1992; Manel et al.,
2000; Walsh et al., 2001; Muotka et al., 2002).

Researchs conducted in Brazil (Rio Grande do
Sul state) showed greater taxa richness in different
regions (Bueno et al., 2003; Pereira and Luca,
2003; Buckup et al., 2007; Milesi et al., 2009;
Biasi et al., 2010). As shown by Bueno et al.
(2003), high richness is correlated with good
environmental integrity. This association suggests
that the availability of habitats, food sources, and
niches for occupation is adequate to support the
survival of organisms.

The estimates and inferences regarding
assemblage attributes (e.g., species richness,
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Table 2. Total density (N, ind.m™), richness of taxa (S, number of taxa), Shannon diversity (H), and Pielou evenness
(J) of the benthic macroinvertebrate assemblages. Biotic index (Biological Monitoring Working Party - BMWP) and
Rapid Assessment Protocol (RAP) applied in sampling sites located within and outside the Mata do Rio Uruguai
Teixeira Soares Municipal Natural Park, Marcelino Ramos, 2009.

Taxa p1 p2 p3 p4 p5 p6
Nematoda Oligochaeta 1 0 0 0 0 0
Mollusca Gastropoda 10 9 0 0 1 0
Crustacea Aeglidae 0 0 0 0 1 0
Arachnida Acarina 0 1 0 0 0 0
Coleoptera Elmidae 36 21 5 1 7 9
Hydrophilidae 0 1 0 0 0 0
Psephenidae 3 1 2 5 10 0
Haliplidae 0 0 0 1 0 0
Diptera Ceratopogonidae 0 0 0 2 0 0
Chironomidae 113 157 50 67 72 211
Empididae 0 1 0 0 0 1
Simuliidae 65 3 9 1 6 74
Tipulidae 2 0 0 0 0 0
Culicidae 0 2 0 0 0 0
Ephemeroptera Baetidae 55 30 28 17 12 28
Caenidae 1 13 2 5 4 5
Leptophlebiidae 17 56 8 12 8 11
Hemiptera Aphididae 0 0 1 0 0 0
Hydrometridae 0 0 0 0 1 0
Lygaeidae 0 0 0 0 2 0
Macroveliidae 0 0 0 0 0 1
Lepidoptera Pyralidae 0 1 0 0 0 0
Odonata Coenagrionidae 5 1 0 0 4 0
Gomphidae 1 0 0 0 0 0
Plecoptera Gripopterygidae 0 0 1 0 0 1
Perlidae 1 4 1 0 0 5
Trichoptera Hydropsychidae 11 3 5 0 4 27
Philopotamidae 2 1 0 0 1 0
Glossosomatidae 1 2 0 0 0 0
Polycentropodidae 0 1 0 0 0 1
N 162 56 154 55.5 66.5 187
S 16 11 19 9 14 12
H 1.871 1.645 1.661 1.31 1.734 1.399
J 0.675 0.686 0.564 0.597 0.657 0.563
BMWP Very good Good Very good Moderate Good Good
RAP Natural Natural Natural Natural Natural Modified

multimetric index scores) are sensitive to site-scale
design and sampling effort because riverine habitats
are heterogeneous, with non-uniform distributions
of organisms among habitat types (Angermeier
and Smogor, 1995; Kanno et al., 2009). The
evaluation approach based on diversity indexes is
supported because an undisturbed environment
will be characterised by high diversity or richness
and a homogeneous distribution of individuals
over species (high equitability) (Silveira, 2004),
according to the water bodies evaluated.

The habitat diversity has been hypothesised to
reflect the diversity of organisms (Baptista et al.,
2001); however, our results do not support this claim

(Shannon diversity vs RAP). Other determinants,
such as the internal characteristics of the river,
can affect the potential of the aquatic community,
including habitat diversity (Logan and Brooker,
1983; Aadland, 1993). In contrast, the results
showed that the taxa richness was significantly
related to habitat diversity. These results showed
that habitat diversity decreases as a result of human
actions, such as the removal of riparian forest, the
construction of roads and houses, channelisation,
and (in certain cases) impoundment.

Ultimately, effective conservation requires
that human interactions be balanced with the
natural environment over the long term to ensure
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that human needs continue to be met while
simultaneously ensuring that the environment
continues to provide the goods and services
demanded by society (Skelton, 2002). Conservation
efforts for freshwater habitats and species must
be based on whole-catchment management
(Saunders etal., 2002). If improper use of land and
natural resources continues outside protected areas,
the future of the CUs will be threatened (Bensusan,
2006). Roux et al. (2008) suggested that people
will only support conservation efforts if they are
fully aware of the relevant biodiversity issues and
their implications and also have the capacity and
responsibility to take effective and timely action.

Moreover, the assignment of function to
water bodies according to the official boundaries
between a CU and its immediate surroundings is
environmentally inefficient, does not contribute to
the preservation and restoration of the diversity of
natural ecosystems diversity, and fails to protect or
recover water (Pereira-Silva et al., 2011). A zoning
system is needed for the PTS that is guaranteed by the
NSCU, but this was not considered in the original
management plan developed by Socioambiental
(2001), an environmental consultancy.

The protected area should be augmented by
including areas in the vicinity of p2, p4, and p6.
These unprotected sites are included in a recovery
zone, which would be protected by a buffer zone. In
addition, the water sources should all be connected
to the boundaries of the PTS in an effort to properly
maintain the health of the watershed through the
full protection afforded by this CU. The use of
biological variables to monitor the water quality
of the PTS is of interest (Buss et al., 2003; Melo,
2003; Silveira, 2004).

5. Conclusions

The benthic macroinvertebrate structure
differed within and outside the PTS, and the
influences of the environmental integrity were
partially confirmed, with only taxa richness having a
significant positive correlation. This could be related
to the period analysed and the fact that this was a
single-sample study. More detailed investigations
need to be developed to better understand these
relationships and to take into account the temporal
scale. The sampling efforts at the site-scale level
could be extended to other diverse habitat types.
Temporal variability is usually the factor that
satisfactorily explains these changes, and studies
conducted in similar regions have shown that the
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periodicity of sampling could be addressed by
harvesting two times a year.

Furthermore, both instruments used (RAP and
BMWP) were very useful. However, an analysis of
the most severe sources of stress to aquatic organisms
outside the CU, such as the potential utilisation of
agricultural defensives, is currently recommended.
These sources of stress could not be observed with
the present instrument. In addition, the water
sources should all be connected to the boundaries
of the PTS in an effort to properly maintain the
health of the watershed through the full protection
afforded by this CU.

In general, the protected area studied can be
considered effective for the maintenance of water
quality and freshwater biodiversity conservation in
terms of benthic macroinvertebrate assemblages.
In contrast, a zoning system is needed for the PTS;
this is even guaranteed by the NSCU but was
not considered in the original management plan
developed by Socioambiental. These unprotected
sites are included in a recovery zone, which would
be protected by a buffer zone, making it possible to
prioritise resources to include large portions of the
catchments in their freshwater ecosystems.
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