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Abstract: Aim: Here we analyzed some basic ecological attributes (richness and density) of the
benthic community in a stretch of a rocky river under the influence of a small dam of a meter in
height, forming a small reservoir of run-of-river type. Methods: Sediment samples were taken with
a Petersen collector at three different periods and in three sites: upstream from the dam (site 1),
close to the dam (site 2) and downstream from the dam (site 3). Organisms were separated in large
groups and Chironomidae genera. Results: The particle size analysis indicated that the sites 1 and 2
are dominated by fine sediments, in contrast to site 3, composed of medium and coarse sediments.
A total of 23 taxa of benthic macroinvertebrate groups and 31 genera of Chironomidae were found.
Richness and density were different among sampling sites, and for large groups and Chironomidae
its attributes increased towards downstream, probably explained by the sediment composition and
the originally lotic conditions in site 3, confirmed by all statistical analysis used. In the dam site (2)
there was a richness decrease. Non metric multidimensional analysis showed a clear spatial separation
of large groups of macroinvertebrates and chironomid genera between sampling sites, indicating that
there are typical taxa of each spatial compartment. Canonical correspondence analysis correlated
only rubble sediment with the abundance of large groups, and for Chironomidae genera only the
granules type was correlationed, with two groups of taxa in the anlysis: one with sites 1 and 2, and
other with site 3. Conclusions: Even very small dams in rocky rivers as in the present study alter the
environmental variables and ecological attributes of benthic macroinvertebrates.
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Resumo: Objetivos: Foram analisados alguns atributos ecoldgicos basicos (riqueza e densidade)
da comunidade benténica em um trecho de um rio rochoso sob influéncia de uma pequena barragem
de um metro de altura, formando um pequeno reservatério do tipo fio-de-dgua. Métodos: Amostras
de sedimento foram coletadas com draga de Petersen em trés periodos e em trés pontos: 3 montante
do reservatdrio (ponto 1), proximo A barragem (ponto 2) e & jusante da barragem (ponto 3).
Os organismos foram separados em grandes grupos e géneros de Chironomidae. Resultados: A andlise
do sedimento indicou que os pontos 1 e 2 sio dominados por sedimentos finos, em contraste do
ponto 3, composto por sedimentos médio e grosso. Um total de 23 tdxons de macroinvertebrados
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bentdnicos e 31 géneros de Chironomidae foi encontrado. A riqueza e a densidade foram diferentes
entre os pontos de amostragem, ¢ para os grandes grupos e Chironomidae esses atritutos aumentaram
a jusante, provavelmente devido & composicio do sedimento e as condiges ldticas originais no
ponto 3, confirmados pelas andlises estatisticas empregadas. Na regido da barragem (ponto 2) houve
um decréscimo de riqueza. Anilise de escalonamento nio-métrico mostrou uma clara separagio
especial entre os pontos de amostragem, indicando que hd tdxons tipicos de cada compartimento
espacial. Andlise de correspondéncia canénica correlacionou apenas cascalho com a abundéncia dos
grandes grupos, e para os géneros de Chironomidae somente os grinulos foram correlacionados,
formando dois grupos na andlise: um com os pontos um e dois, e outro com o trés. Conclusées:
Mesmo pequenas barragens em rios rochosos como no presente estudo alteram varidveis ambientais
e atributos ecolégicos de macroinvertebrados benténicos.

Palavras-chave: 16ticos; Brasil; Chironomidae; Rio Jordio; ecologia; sedimento.

1. Introduction

Water reservoirs have been constructed
since ages ago for water supply, hydropower
generation, leisure, fish production, among other
uses (Diomande et al., 2013). These environments
transform lotic in lentic environments, causing
reduction of water flow and more deposition
of fine sediment, increase of deep and water
transparency, modifying also the physical and
chemical conditions and the structure of biological
communities (Tundisi, 1986; Palmer et al.,
2000). These consequences can be observed in
compartments along reservoirs and downstream it
dams (Nogueira, 2000, 2001; Mitsuka & Henry,
2002). Among the several communities of aquatic
ecosystems affected by a new lentic environment,
the benthic macroinvertebrates show an important
tool in recycling nutrients and in the change of
energy and mass among trophic levels (Santos et al.,
2015). The structure of insect community and other
aquatic invertebrates can be modeled in relation
to the natural and anthropic changes (Silveira,
2004). They are also an efficient bioindicators
due to different tolerances to environmental
variables, longer life cycle and low spatial mobility
compared to plankton and fishes (Metcalfe, 1989;
Queiroz et al., 2008). For example, low dissolved
oxygen of reservoirs trend to reduce the richness
and diversity of benthic invertebrates, however some
species of Chironomidae, Oligochaeta, Bivalvia and
Hirudinea can develop high abundances. In contrast,
some organisms are typical of environments with
good water quality, as nymphs of Plecoptera and
Trichoptera larvae (Callisto et al., 2001).

The diversity, resistance and density of
macroinvertebrates tend to be affected in the
reservoirs (Furey et al., 2006; McEwen & Butler,
2010; Zhang et al., 2012). Small dams’ effects
with less than a meter high on the benthic
macroinvertebrates are unknown and it is expected
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to be minimum or absent when compared to large
reservoirs. In order to demonstrate the ecological
effect of even small size, depth, and very low water
retention time reservoirs, this study aimed to detect
if even a small dam without lateral expansion in the
shape of arms, can significantly alter some basic
ecological attributes of benthic macroinvertebrates.
In addition, it was sought to test the null hypothesis
that the fauna remains unchanged due to the
small characteristics above cited. The particle size
characteristics of the sediment were related with
organisms, seeking help to understand the observed
dynamics in the spatial scale.

2. Material and Methods
2.1. Study area

The Jordao River (Figure 1) is located in the State
of Parand (Brazil), its length is 168 kilometers from
its main course to its mouth and is formed by Pedras
River and Bananas River, with a total drainage arca
0f4,730.60 km?. Due to the considerably declivity,
many medium and large water reservoirs have been
built, mostly for power generation. In this watershed
remnants of Araucaria Forest and Natural Fields
occur, with a few remnants of semideciduous forest.

For the study, a small reservoir located at
the junction of the Pedras and Bananas rivers
(25°26’127S, 51°27°12”W) was selected, constructed
before 1950 decade for wood sawing. This reservoir
has only vertical expansion, with about one
meter depth in the dam area, and its extension
is approximately 650 meters upstream the dam.
The dam region is a semi-lentic environment typical
of run-of-river reservoirs with very low retention
time, which is less than one day (approximately
06 hours). Originally the river bottom was rocky
and formed large slabs of basalt, as can be seen
in site 3 downstream from the dam. The basaltic
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Figure 1. Map of Jorddo River basin location and the sampling sites in the Parand State, Brazil.

environments are quite common in the upper
portion of the river.

We selected three sampling points (Figure 1)
covering the top upstream zone of the reservoir
(site 1, width 50 m, depth 2 £ 0.5 m), dam
region (site 2, width 75 m, depth 2 + 0.5 m) and
downstream of the dam (site 3, width 200 m, depth
0,40 + 0.4 m). Samples were collected trimonthly
during the year 2012, in the months of May, August
and November.

2.2. Abiotic data

Rapid assessment protocols were applied in
each sampling site, proposed by Hannaford et al.
(1997) and EPA (1987) modified by Callisto et al.
(2002), to assist the environmental and ecological
characterization of the river. Callisto et al. (2002)
defines three levels of preservation from the
resulting score: 0 to 40 indicate impacted portions;
41-60 points indicate altered sections, and values
above 61 points indicate natural extracts.

At each sampling, site sediment samples were
collected for analysis of particle size texture,
according to Wentworth (1922) and the water
temperature was obtained with a mercury
thermometer.
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2.3. Biological data

Triplicate samples of macroinvertebrates were
collected at each sampling site with a Petersen
collector with an area of 0.02 m?. Samples were
taken close to the margin of the river, with depths
cited before. The collected material was washed
into two screens, with 1.000 pm and 250 pm mesh
opening. The retained material was placed in a
plastic pot with 70% ethanol for further analysis.

Animals found were identified to the lowest
possible taxonomic level, based on Pérez (1988) and
Higuti & Franco (2001) for large groups in general,
and Wiederholm (1986), Trivinho-Strixino &
Strixino (1995), Epler (2011) and Trivinho-Strixino
(2011) for the larvae of chironomids.

2.4. Data analysis

In the data analysis the major taxonomic groups
of benthic macroinvertebrates were separated into
orders, classes and families among these large groups
and the family Chironomidae (Diptera: Insecta) has
been identified to the genus level. Thus, the analyses
were performed with two sets of data. We used
analysis of variance (ANOVA) with Tukey HSD
test (with p level <0.05) retrospectively to identify
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possible differences in richness and abundance of
taxa between sampling sites.

The non-metric multidimensional scaling
analysis (NMDS) was used to obtain spatial
ordering of taxa and obtained samples in order to
identify horizontal compartments in the reservoir.
For this analysis we used a matrix of presence and
absence of taxa, using the Bray method, with MASS
and Vegan packages for R.

The canonical correspondence analysis (CCA)
was performed to check correlations between
benthic macroinvertebrates and particle size
characteristics, with Vegan package for R and
1.000 permutations. All statistical analyzes were
performed in software R Cran Project v. 3.2.1
(R Development Core Team, 2015).

3. Results
3.1. Particle size characterization and surroundings

From the protocols, it was observed that
there was a higher environmental quality in S3
compared to the other sites, increasing the quality
of natural environments (71 points). S1 is recorded
in an ambient with conditions of a maintained
environment, with 61 points, while S2 has
been characterized as a modified environment
(47 points).

Regarding the particle size analysis (Figure 2),
there were spatial and temporal changes in the
reservoir. It was found that in S1, in May, there was
highest prevalence of granules (2 - 4 mm) (21%),
but in August and November a greater amount
of medium sand prevailed (0.010 - 0.020mm)
(MS) = 25%. In S2, in May, there was a greater
amount of coarse sand (0.020 - 0.039 mm) (CA)
(25%), and in August and September there was a
higher prevalence of rubble (major than 256 mm)
(23% and 38%, respectively). In S3 in May lots of
rubble were recorded (64%), in August MS (35%)
prevailed and in November it was CS (28%), which
are the most heterogeneous sediments than in the
other sites.

The temperature varied from 13 to 25 °C
throughout the sampled moments. The lowest
temperature was registered in May and in November
occurred the highest values (Table 1).

3.2. Macroinvertebrate benthic fauna

There were recorded 23 taxa of benthic
macroinvertebrates and 31 genera of Chironomidae
(Table 2).

The highest average value of taxa richness of
large groups of macroinvertebrates (Figure 3A)
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Figure 2. Composition of the granulometry of sampling
sites. Very coarse sand (VCS); coarse sand (CS); medium
sand (MS) and fine sand (FS). Particles size: silty
clay=3.90-62.5 ym; finesand =0.0049-0.010 mm; medium
sand = 0.010 - 0.020mm; very coarse sand = 1 - 2 mmy;
coarse sand = 0.020 - 0.039 mm; pebbles = 64 - 256 mm;
granules = 2 - 4 mm.

Table 1. Temperature values (°C) recorded during the
moment of the sampling.

MONTH S1 S2 S3
May 13°C 14 °C 15°C
August 16 °C 16 °C 17 °C
November 25°C 23°C 25°C

and the genera of Chironomidae (Figure 3B),
as well as the abundance of these two categories
(Figures 3C and 3D), were observed in S3, located
downstream of the dam (F> 3.37, p <0.05). There
was an increasing tendency of these two attributes
in order in the downstream of the reservoir. Site 3
was similar to S2 (dam region) for both ecological
attributes.

In the NMDS for large groups (Figure 4A) the
stress was 0.01, and for Chironomidae (Figure 4B)
was 0.08. For both, two convergent solutions
analyses were found after an attempt. There
was a clear spatial separation of large groups of
macroinvertebrates and chironomid genera between
sampling sites (Figure 4), indicating that there are
typical taxa of each spatial compartment. Among
all taxa recorded, the NMDS corroborate the trend
indicated by ANOVA in Figure 2, that there is a
higher concentration of taxa and genera in site 2
and especially in site 3.
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The CCA for large groups (Figure 5A) explained
82% of the variance in the data, and the genera of
Chironomidae (Figure 5B) explained 50% of the
data. In general, the spatial distribution pattern
followed to that observed in NMDS (Figure 4),

with accumulation of taxa at site 3 and with clear
separation of the sampling points.

In the CCA for large groups (Figure 5A),
only the rubble was significantly correlated to
the abundance of taxa (r* = 0.91; p = 0.04),
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Figure 3. Boxplots in a logarithmic scale indicating significant differences among means comparing the richness and
abundance of taxa of large groups (A, C) and chironomid genera (B, D) between sampling sites.
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Figure 4. NMDS for spatial ordering of large groups of benthic macroinvertebrates (A) and also of chironomid
genera (B). For captions of taxa see Table 2.
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related positively with sites 3 and 2, and Bivalvia, = Hemiptera, Trichoptera, Odonata, Hidracarina
Psephenidae, Amphipoda, Aeglidae, Gastropoda  and Leptoceridae.

and Hirudinea. Inversely related to these organisms, In another CCA to the genera Chironomidae
CCA highlighted the Dolichopodiae, Plecoptera,  (Figure 5B), only the granules were correlated
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Figure 5. CCA performed to correlate abundances of benthic major groups (A) and Chironomidae (B) with the
granulometric data. For captions of taxa see Table 2, and for particle size variables see Figure 2.

Table 2. List of taxa, divided in large groups and Chironomidae genus, collected at three samples sites of the Jordao
River (PR), with its abbreviations for posterior statistical analysis.

Large groups Abbrev. 81 s2 s3 SI;IZES s3 Chironomidae (Diptera) Abbrev. S1 s2 s3 SI'SI'ZES s3
Nematoda Nemat X Ablabesmyia sp. Abla X X X
Gastropoda Gastro X Aedokritus sp. Aedo X
Bivalvia Bival X Beardius sp. Beard X X
Oligochaeta Oligo X X X Caladomyia sp. Calad X X X
Hirudinea Hirud X X X Chironomus sp. Chiron X X
Prostigmata Prost X X X Coelotanypus sp. Coelo
Hidracarina Hidra X X X Corynoneura sp. Coryno X X
Cyclopoida Cyclo X Cricotopus sp. Crico X X X
Amphipoda Amphi X X Cryptochironomus sp. Crypto X
Aeglidae Aegli X Djalmabatista sp. Djalma X X X
Collembola Colle X X Fissimentum sp. Fissi X
Ephemeroptera Ephem X X X Lopescladius sp. Lopes X
Odonata Odona X X Nanocladius sp. Nano X
Trichoptera Trich X Nilothauma sp. Niloth X
Plecoptera Pleco X Paracladius sp. Paracl X X
Ceratopogonidae Cerat X X X Paralauterborniella sp. Parala X X X
Elmidae Elmid X Paratendipes sp. Parat X
Ptilodactylidae Ptilo X X X Pentaneura sp. Pentan X X
Dolichopodiae Dolic X Polypedilum sp. Polyp X X X
Leptoceridae Lepto X Procladius sp. Proc X X
Coleoptera Coleo X X Rheotanytarsus sp. Rheo X X X
Psephenidae Pseph X X Saetheria sp. Saet X X
Hemiptera Hemip X Stempellina sp. Stem X

Stempellinella sp. Stempe X X
Tanypus sp. Tanyp X
Tanytarsus sp. Tanyt X
Thienemania sp. Thiene X
Thienemanniella sp. Thienem X

Tribelos sp. Trib X
Xestochironomus sp. Xesto X
Zavreliella sp. Zavre X
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(r* = 0.85; p = 0.04) with those genera, mainly
represented by Thienemania and Thienemanniela,
and Tanypus, Cryptropus, etc, insites 1 and 2. On the
other hand, a large group of taxa that occurred at
site 3 was inversely correlated with taxa associated
with the granules. Among this group of genres were
included: Nilothauna, Nanocladius, Paracladius,
Tanyrarsus, Corynoneura, Cricotopus, Rheotanytarsus,
Ablablesmya, Stempellinella, Caladomia and
Sacetheria.

4. Discussion

The sampling sites were clearly separated in
this study, rejecting the null hypothesis. It was
shown that even very small dams cause changes in
ecological attributes of benthic macroinvertebrates.
Factors such as reduced flow, increased water
column (depth) and change in particle size
characteristics (due water velocity, flow) influenced
these organizations, as highlighted previously
(Moretto et al., 2003; Pamplin et al., 2000).

The occurrence of spatial compartments in
reservoirs occurs for both limnological variables
and biological communities (Nogueira, 2001;
Moretto et al., 2003; Pamplin et al., 2006;
Pamplin & Rocha, 2007; Nogueira et al., 2008;
Jorcin & Nogueira, 2008). Depth differences,
water flow, size, area and volume of the reservoir,
water retention time and human activities in the
watershed tend to influence the presence of these
spatial compartments.

Strong spatial changes tend to favor the dominance
of certain taxa as Oligochaeta, Chironomidae and
some Mollusca, which are mainly related to the
nutrients, organic matter concentration and particle
size characteristics (Pamplin et al., 2006; Jorcin &
Nogueira, 2008). Lentic waters tend to promote the
reproduction of algae and zooplankton, and thus
the Chironomid finds enough food for their energy
needs (Ouattara et al., 2001; Diomande et al.,
2013), and so they can become very abundant
organisms for tolerating large climate, hydrological
and limnological variations (Pamplin et al., 2006;
Jorcin & Nogueira, 2008). As for Oligochaete,
many species live in the sediment, feed on debris and
decomposing material (Pamplin et al., 2006), with
abundantsilt and sand (Jorcin & Nogueira, 2008).

The existence of spatial compartments even in
such a small reservoir can justify the longitudinal
gradient observed increase of taxa and abundance
toward the site 3, following the direction downstream
of the reservoir. The findings add information about
the spatial distribution of these organisms in
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reservoirs, being different, for example, of eutrophic
reservoirs in the tropical region (Pamplin et al.,
2007).

In this study, site 3 retains the properties of
the rock bottom and provides a greater habitat
heterogeneity when compared to sites 1 and 2, at
the upstream of the reservoir and close to the dam,
respectively. In site 3 the sediment was dominated
by medium and coarse fractions compared to
sites 1 and 2. Site 3 is also a shallower region and
exposed to sunlight, which stimulates productivity
and can sustain a richer and more abundant benthic
community adhered to rocky and thick substrate.

The small dam (site 2) not had small richness,
as observed in other reservoirs (all much larger)
by Santos & Henry (2001), Pamplin et al. (2006)
and Jorcin & Nogueira (2008). The small size of
the reservoir, the low residence time and the low
height of the dam does not provide the decrease
in richness in the dam area with ample renewal of
particle size characteristics.

The downstream increase trend with higher
value of richness and abundance in site 3 can be
explained by the heterogeneity of the habitat with
the dominance of higher fractions (rubble), since
the substrate is the living environment of benthic
organisms (Diomande et al., 2013). The dissolved
oxygen and depth are also key factors for the
distribution of macroinvertebrates (Santos & Henry,
2001; Shimabukuro & Henry, 2011). The depth at
site 3 is smaller than the other sites. According to
Barbosa et al. (2011) shallow regions hosts a most
diverse community of macroinvertebrates than
deep regions, preferably above occurrence, the
availability of food items, and different groups of
macroinvertebrates are associated with communities
of water plants, and the use of the substrate as safe
fixation, transport and reproduction.

The change of particle size texture throughout
the sampling period comparing the same sampling
sites indicate that the reservoir in question
presents constant changes, also associated with
the characteristics mentioned above, such
as low residence time and small size of the
reservoir. The historical rainfall data is high
above annual average precipitation (1,800 mm
annual), with an absence of dry and rainy seasons
(Perbiche-Neves et al., 2015). The high rainfall and
the morphometric characteristics of the reservoir
allow intensive exchange of solids retained in the
sediment, explaining the seasonal differences.

Dams smaller than a meter generating small
reservoirs of the run-of-river type also alter the
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ecological attributes of macroinvertebrates.
However, there is no decrease in richness close to
the dam, as observed for larger and deeper reservoirs.
The organisms are distributed spatially according to
the granulometric characteristics influenced by the
reservoir, even if it is small.
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