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Abstract

We assessed two dimensions of stream connectivity: longitudinal (between forest patches along the stream) and lateral
(riparian vegetation), using macroinvertebrate assemblages as bioindicators. Sites representing different land-uses were
sampled in a lowland basin that holds a mosaic of protected areas. Land-use analysis, forest successional stages and
riparian zone widths were calculated by the GIS analysis. Macroinvertebrate fauna was strongly affected by land-use.
We observed a continuous decrease in the number of sensitive species, %Shredders and IBE-IOC biotic index from
the upstream protected area to highly deforested sites, increasing again where the stream crosses a Biological Reserve.
When analysing buffer strips, we found aquatic fauna responding to land-use alterations beyond the 30 m riparian
corridor (60 m and 100 m wide). We discussed the longitudinal connectivity between forest patches and the riparian
vegetation buffer strips necessary to hold high macroinvertebrate diversity. We recommend actions for the increase/
maintenance of biodiversity in this and other lowland basins.

Keywords: bioassessment, biomonitoring, aquatic insects, riparian zone, conservation.

Influéncia da conectividade dos fragmentos florestais e da largura da vegetacao
riparia sobre a fauna de macroinvertebrados em um ecossistema lético

Resumo

Neste trabalho, foram avaliadas duas dimensdes de conectividade em um ecossistema l6tico: longitudinal (entre
fragmentos florestais ao longo do cérrego) e lateral (mata ripdria), utilizando-se assembléias de macroinvertebrados
como indicadores. Pontos que representam diferentes tipos de usos da terra foram amostrados em uma bacia de planicie
litoranea, que abriga um mosaico de areas protegidas. As andlises de uso da terra, os estagios de sucessao florestal
e as diferentes larguras da zona riparia foram calculados utilizando-se um SIG. A fauna de macroinvertebrados foi
fortemente afetada pelo uso da terra. Partindo-se da drea protegida a montante, observou-se um decréscimo continuo do
nimero de espécies sensiveis, da porcentagem de fragmentadores e do indice biético IBE-IOC até o trecho fortemente
desflorestado, no médio curso do rio; os valores aumentam novamente, quando o rio atravessa uma Reserva Bioldgica.
Ao analisar a largura da vegetagao ripdria, constatou-se que a fauna aqudtica responde as alteracdes além do corredor
ripario com 30 m de largura (60 m e 100 m de largura). Discutiu-se sobre a conectividade longitudinal entre fragmentos
florestais e sobre a largura necessaria da vegetacao riparia para manter a alta diversidade de macroinvertebrados. Dessa
forma, foram feitas recomendagdes visando a favorecer o aumento/a manuteng@o da biodiversidade, tanto na bacia
analisada como em outras bacias localizadas em planicies litoraneas.

Palavras-chave: bioavaliagao, biomonitoramento, insetos aquaticos, zona ripdria, conservacao.

1. Introduction

Stream systems are organised in nested spatial ~ from terrestrial habitats (Allan, 2004; Franca et al., 2009).

hierarchies — drainage basin, river segment, stream reach,
microhabitats — and change over time (Frissell et al.,
1986). Streams are connected to their basins through the
lateral and longitudinal transport of materials derived
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The relationship between land-water is intermediated by
the riparian habitat, which may or may not act as barriers
to control runoff, sediments, nutrients and contaminants
(Peterjohn and Correll, 1984; Johnson et al., 1997).
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In Brazil, the conversion of forests to pastures,
agricultural land and/or urban areas is one of the main
causes of impairment on water bodies. Protected areas
are often created as a conservation strategy to halt the
deforestation and start the recovery process in ecologically
relevant areas. The limits of these Conservation Units
are often defined following the patterns of terrestrial
vegetation (Pereira and Scardua, 2008; Metzger, 2010),
while the protection of aquatic assemblages are almost never
considered (Maltchik et al., 2012). Riparian zones act as
corridors for biodiversity (both aquatic and terrestrial) and
Brazilian legislation treats them as “Permanent Protection
Areas” (Areas de Protecio Permanente).

Even though there are clear evidences on the importance
of riparian zones in determining stream water quality and
aquatic biodiversity (Johnson et al., 1997), it is not an easy
task to determine effective models which predict the effects
of riparian removal (or restoration) on aquatic ecosystems.
Benefits of riparian vegetation include (according to
Hansen et al., 2010, in no particular order): i) improvements
of water quality, including the capture and/or uptake of
non-point source pollutants — i.e. nutrients, sediments and
contaminant inputs to waterways (Lowrance et al., 1997);
ii) reduction of stream bank erosion and sediment inputs;
iii) increase in shading and moderate water temperature
(Welty et al., 2002); iv) provision of woody debris, leaf
litter and other resource inputs to streams; v) increase of
in-stream biodiversity; vi) improvements of the structure
and composition of riparian vegetation communities, and
increased terrestrial biodiversity; vii) increase in the lateral
and longitudinal connectivity of biota and other materials.
Connectivity from a landscape perspective can be defined
as the flow of energy, matter and organisms between
landscape components (Ward et al., 2002). In stream
ecology, a four-dimensional model has proved useful,
where flow along the stream (longitudinal), between the
stream and riparian and upland areas (lateral), and between
the channel and the hyporheic zone (vertical) is comprised
of three spatial dimensions, and a fourth variation over
time (Ward, 1989).

In this paper we studied a lowland basin in the state
of Rio de Janeiro — which holds a mosaic of protected
areas and environmental conditions — so we could assess
the connectivity between forest patches, the influence
of protected areas and the riparian width on the stream
ecological condition, using the macroinvertebrate fauna
as bioindicators.

Macroinvertebrates have been used worldwide to
characterise watershed and water-quality conditions because
they have a broad distribution, high diversity and because
its assemblage composition, structure and functioning
attributes react predictably to environmental alterations
in multiple spatial scales and over time (Rosenberg and
Resh, 1993; Vannote et al., 1980; Barbour et al., 1996).
In recent years, researchers showed this assemblage to be
useful for monitoring and assessment also in Brazil (e.g.
Buss et al., 2003, 2004; Baptista et al., 2007; Moreno et al.,
2009; Couceiro et al., 2012). Therefore, understanding
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how this assemblage behaves in natural and stressed
ecosystems will help in ecological modelling, and thus,
increase bioassessment abilities.

2. Material and Methods

We studied the Aldeia Velha River basin (total area
of 14.400 hectares), located in the municipalities of Silva
Jardim and Casimiro de Abreu, in Rio de Janeiro State (see
Figure 1). This basin is part of the Sdo Jodo River system,
which supplies water to many municipalities in one of the
most developed and touristic regions of the state (Regido
dos Lagos). This basin is also particularly important because
it holds the Biological Reserve (REBIO) Poco das Antas,
which protects the last remnants of the natural habitat of
the Golden Lion Tamarin (Leontopithecus rosalia). The
REBIO was the first reserve created in Brazil, in 1974, with
an area of 5.000 hectares. Other protected areas highlight
the importance of this basin as a hotspot for biodiversity
in the state — area of environmental protection (APA da
Bacia do Rio Sio Jodo/Mico-Ledo-Dourado, created in
2002) and two Privates Reserves of Natural Heritage
(RPPN Fazenda Bom Retiro, created in 1993, and Fazenda
Shangrild, created in 2006). The rationale of choosing this
river basin for our study was to sample a reference basin
in the lowlands of Rio de Janeiro State.

Land-use analysis, forest successional stages and riparian
zone width were carried from manual interpretations of
high resolution imagery from IKONOS satellite (2006)
with 1m of spatial resolution, using the functions of a
geographical information system (ArcGis 9.2, ESRI, USA).
To assess the influence of land-use on macroinvertebrate
assemblages we analysed three levels: 30, 50 and 100 m
riparian width at each margin. The Brazilian legislation
requires that streams with <10 m wide the riparian forest
should have a minimum width of 30 m on each margin.

Eight sites were sampled in 2009 during the dry season
(winter), to represent different land-uses, ranging from
protected areas to deforested sites (see Table 1). At each
site, water samples were taken for physical and chemical
analysis. Also, 20 macroinvertebrate samples were taken
with a kick-sampler (30 x 30 cm squared-frame, 0.5 mm
mesh size); as tested and recommended by Buss and Borges
(2008), following a multi-habitat method proportional to
the substrate availability in the site (Barbour et al., 1996;
Hering et al., 2004). All samples were then combined into a
single composite sample and preserved with 80% ethanol.
In the laboratory, we adopted the subsampling procedure
(as tested by Oliveira et al., 2010), which consisted in
homogenising the sample on a gridded tray and taking
randomly 6 of the 24 quadrats. These six subsamples were
fully examined and macroinvertebrates were removed,
counted and identified at the lower taxonomic level
possible, which was genus-level for all groups but Diptera,
Hemiptera and Lepidoptera, which were identified to family-
level. We then calculated Taxa Richness, EPT Richness
(Ephemeroptera + Plecoptera + Trichoptera), percent of
shredders (benthic organisms that feed predominantly
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Figure 1. Location of Sao Joao river basin and the study area, the Aldeia Velha basin, RJ.

on fallen leaves) and the Indice Biotico Esteso (IBE-
10C, Mugnai et al., 2008) for each site. We explored the
correlations between these metrics and the percent of
intermediate + advanced successional stage forests at three
spatial scales (30, 50 and 100 m wide riparian zones at
each margin) using STATISTICA (Statsoft, 2004). Rare
species (one individual) were excluded to avoid accidental
capture that could add ecological noise to the analyses.

3. Results

GIS land-use analysis revealed a mosaic of aquatic
ecosystems (wetlands and streams) and vegetation types
(see Figure 2). Considering the whole Aldeia Velha river
basin, the most common land-use was forest (53%), but with
a major proportion in the high-slope mountainous region
(76%) and in the early stages of development (68%). Even
inside the REBIO Pogo das Antas, forest cover was 57% in
early stages, dominated predominantly by shrubs and small/
young heliophilous flood-tolerant trees (e.g. Calophyllum
brasiliense, Symphonia globulifera Clusiaceae, Tabebuia
cassinoides Bignoniaceae; Carvalho et al., 2006). Pasture
was also common in the basin (23%) and dominant in the
lowlands. In the studied area (lowland part of the basin),
land-use was a mixture of pasture/early-stage forests
(69%) with some agriculture (15%) and small peri-urban
areas (2%).

Macroinvertebrate fauna was strongly affected by
land-use. We observed a continuous decrease in the
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number of species, EPT sensitive species and IBE-IOC
biotic index from the upstream RPPN protected area (site
1) to the intermediately deforested reaches (sites 2 and
3) and the 100% pasture-dominated reach (site 4) (see
Figure 3). Sensitive groups like Gripopteryx (Plecoptera,
Gripopterygidae) and Trichodactylus dentatus (Decapoda,
Trichodactylidae) were found exclusively in site 1. Forested
reaches on the border of the REBIO acted in the recovery
of the fauna, increasing the total number of families and
the sensitive groups EPT and IBE-IOC index (sites 5 and
6; see Figure 3). The reference area inside the REBIO
(site 7) had more sensitive species (EPT richness and
IBE-IOC number) than border sites (5 and 6). Sensitive
groups like Kempnyia (Plecoptera, Perlidae) and Potimirim
sp. (Decapoda, Atyidae) were found exclusively in site
7. Downstream from these sites, around 1 km from the
influence of the REBIO, the richness numbers dropped
(see Figure 3) and the assemblage was dominated by the
tolerant dipteran family Chironomidae (87% of the total
abundance in site 8). Despite this clear environmental and
biological gradient, the analysis of the water indicated no
physical or chemical stress (values found at all sites were
within ranges established by CONAMA 357/05 (Brasil,
2005) for Class 2 rivers: higher values NH, 0.06 mg/L at
site 2; 1 mg/L. N-total at site 8; P-total 0.44 mg/L at site
6; Conductivity 26 puS/cm at site 6; TDS 20.3 ppm at site
7; Fecal coliforms 613 mpn/100 mL at site 3; Dissolved
oxygen lower value 7.6 mg/L at site 8).
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Figure 2. Sampling sites (1-8) and land-use types in Aldeia Velha basin, RJ.
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Figure 3. Metric values of taxa richness (4 ), IBE-IOC index () and EPT richness ( A ) for each site sampled at the

Aldeia Velha basin. Grey shades indicate forested areas.

When analysing buffer strips, our results indicate that
the aquatic fauna was responding to land-use alterations
beyond the 30 m riparian corridor — length established by
the Brazilian legislation as the minimum area of riparian
cover required to protect streams and rivers with a width
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of <10 m. All biological metrics had higher correlation
coefficients with land-use in broader riparian widths (see
Table 2). No biological metrics were correlated with the
30 m riparian scale. EPT richness, %Shredders and IBE-
IOC index were correlated with 60 m and 100 m riparian
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Table 2. Pearson correlations between biological
indicators (IBE-10C, percent of Shredders,
Ephemeroptera + Plecoptera + Trichoptera EPT Richness,
Total Richness) and percent of intermediate+advanced
successional stage forests at three spatial scales (30, 50 and
100 m wide riparian zones at each margin) in the Aldeia
Velha river basin.

%Forested area in riparian zone
width at each margin

30 m 50 m 100 m
IBE-IOC 0.51 0.71* 0.79*
%Shredders 0.69 0.83%#%* 0.89%*
EPT Richness 0.69 0.86%* 0.89%*
Total Richness 0.14 0.36 0.45

#p < 0.05; **p < 0.01

widths. Like the others, the total number of taxa increased
correlation coefficient with the riparian spatial scale, but
uncorrelated with all three widths.

We found shredders occurring only in areas where
both local and upstream reaches were intensely forested.
This is an indication that these organisms are responding
to the availability of leaves in the upstream area. A higher
percentage of shredders occurred in site 7 (>4,0% of total;
an area where the headwaters are protected by the REBIO
and 100% forested upstream), but also in site 1 (1.7% of
total; an area where around 70% upstream were covered
with forest) and a lower proportion in site 2 (0.35% of
total), probably influenced by drift from site 1.

4. Discussion

Our analysis showed that although a larger part of
the basin was forested (including a Biological Reserve)
and physical-chemical parameters of the water indicated
no sign of stress, the overall biological quality of the
basin was moderate. Forested areas in this basin were not
homogeneously distributed; on the contrary, it presented
patches of vegetation intermediated by other land-uses,
especially for pasture.

Connectivity plays a key role in freshwater biodiversity
conservation (Hermoso et al., 2011), but it is not typically
considered in scientific literature for dealing with the
management and conservation of fragmented landscapes
(Pringle, 2001). We assessed longitudinal connectivity by
sampling sites along the river canal and verifying changes
in macroinvertebrate assemblages. Connectivity of aquatic
insect populations can occur by downstream passive or
active drift and/or by upstream movements of the flying
adults. Data from the literature indicates that leaves and
other riparian debris are retained some 100m below falling
point into the stream (Mathooko et al., 2001; Canhoto and
Graca, 1998) and/or relatively high retention/deposition rates
within this range (Afonso and Henry, 2002; Selva et al.,
2007). Although variable among taxa, macroinvertebrate
drift rates range from 5-60m/day downstream (Waters,
1965; 1972; McLay, 1970; Hemsworth and Brooker,
1979). Information on the dispersal potential of neotropical
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adult aquatic insects is unavailable, but some studies on
mark-recapture using stable isotopes have revealed that
temperate species fly 1.6-1.9 km upstream from where they
emerged (Hershey et al., 1993; Bilton et al., 2001). In short,
both downstream and upstream potential for colonisation
suggest a low connectivity between forested patches — 15 km
with no riparian cover separate to the REBIO Poco das
Antas from the upstream patch — explaining in part the
low overall biodiversity found in this basin.

Our findings of shredder presence associated only to
areas where both local and upstream reach was forested
also corroborate to the importance of downstream gradient
connectivity. Shredders need a certain amount of CPOM which
takes some time to be ready to be consumed (Gessner et al.,
1999). As a contribution to conservation biology, our results
support the use of these taxa (Trichoptera — Phylloicus
and Triplectides, Diptera — Tipulidae) as bioindicators of
upstream forestation (i.e. their presence with high abundance
indicate a certain amount of forested area upstream and,
following the inverse rationale, their absence may be an
indicative of deforestation).

The effectiveness of riparian zones in mitigating
anthropogenic impacts largely depends on their width on
both sides of the waterway (Castelle et al., 1994) and their
longitudinal continuity from the headwaters to lowland
reaches. It is not an easy task to determine the riparian
width required to fulfill ecological, geomorphologic
and hydrologic functions because the riparian zone is
influenced by many aspects, such as slope, climate (rainfall),
physiography, soil and vegetation type. Nonetheless,
many studies have addressed this issue. A meta-analysis
with 222 studies (Hansen et al., 2010), indicate that for
increasing in-stream biodiversity the recommended riparian
buffer width is 100 m for high land-use intensity, 70 m for
moderate intensity and 40 m for low intensity. The Aldeia
Velha basin could be classified as having low to moderate
land-use intensity and we found that macroinvertebrate
fauna was correlated to a land-use of 60 m and 100 m,
corroborating the meta-analysis of Hansen et al. (2010)
and also the results of Metzger (2010) and Sponseller et al.
(2011). Our finding is a direct contribution to the recent
discussion on the Brazilian Forest Code, and indicates that
to support aquatic biodiversity the riparian strip should be
larger than 30 m in each margin.

As arecommendation to the recovery of this important
area, which supports a high biodiversity, including the last
remnants of the natural habitat of the Golden Lion Tamarin
and other endangered species, we made suggestions based
on our results:

* Recover riparian forest strips. Our spatial
analysis indicated that less than 50% of the riparian
strips are planted. Large parts of the basin have
no riparian vegetation at all and many areas have
less than 30m buffer in each margin or have one
margin protected by the REBIO, while the other
is exposed, with no vegetation. Rehabilitation
or protection on one side of the waterway and
not the other compromise management efforts,
because the benefits of one bank are nullified
by disturbances originated from the other. We
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suggest these areas should be recovered to attend
the Brazilian legislation.

¢ Riparian strips must be more than 60m wide in

each margin. We showed that macroinvertebrates
are influenced by a riparian use of >60m and were
uncorrelated with buffers of 30m. Studies around
the world with other organisms have shown the
same. Therefore, we indicate that to support
aquatic biodiversity the riparian strip should be
larger than 30m and planted in both margins.

¢ Maintain and recover the REBIO Poco das

Antas. The REBIO occupies about 20% of the
whole basin, but less than 43% of its designated
area is covered with forests at intermediate or
advanced successional stages. Protected areas
are slowly recovering the vegetation, and patches
of forests at different successional stages are
evident. However, even with areas dominated
by vegetation in the early stages, we showed
that the REBIO had a beneficial effect on the
aquatic biodiversity, increasing the richness of
macroinvertebrates assemblage when compared
to upstream and downstream sites crossing
pasture lands. Our results from 100% protected
areas with fully grown vegetation indicate that
these beneficial effects on the aquatic fauna will
increase in time with the establishment of a more
mature vegetation. Protected areas in Brazil
are often created as a conservation strategy for
endangered species (plants, animals etc.). Aquatic
assemblages are almost never considered in such
strategies. We suggest that stream headwaters
are included in conservation plans to ensure the
protection of these communities.

We believe that attending these three recommendations
would increase the connectivity of macroinvertebrate
populations between patches of vegetation that nowadays
are too far apart and provide inadequate conditions for
migration and colonisation. Maximizing the lateral and
longitudinal extent of intact riparian zones, starting in the
headwaters, provides the best protection for the waterway.
As aresult, we would expect the increase in aquatic
biodiversity in the region.
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