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Abstract: Atypical drought events have increasingly occurred in Brazil over the last years due to global climate 
changes. However, their consequences on aquatic biota in reservoirs are poorly known. We tested the hypothesis that 
macroinvertebrate communities are negatively affected by atypical drought events, given the sensitivity of many taxa 
to environmental changes. We predicted that: (a) there would be changes in limnological and sediment parameters 
between a regular year and an atypical year, (b) abundance and richness of the genera of Chironomidae and of exotic 
species would be higher due to the enhanced ability of these organisms to adapt to changes in the physical environment, 
and (c) community structure metrics (i. richness; ii. % richness; iii. abundance; iv. % abundance) would be affected 
by disturbance indices (i. Buffer Disturbance Index-BDI; ii. Local Disturbance Index-LDI; iii. Integrated Disturbance 
Index-IDI) in both years. The study was carried out in the reservoir of the Nova Ponte Hydroelectric Power Plant, state of 
Minas Gerais, comparing two sampling periods: a regular climatological year (2010) and an atypical drought year (2014). 
A total of 40 sampling sites were de昀椀ned along the shore of the reservoir, and types of land use in the surrounding area of 
each site were measured, as well as physical habitat conditions, sediments, and benthic macroinvertebrate communities. 
Sampling was performed at these sites in the end of the rainy season in both years. The intensity of anthropogenic 
modi昀椀cations was assessed at local scale and in the areas (buffers) surrounding the sampling sites using quantitative 
disturbance indices. There were striking differences in limnological parameters and sediment characteristics between 
sampling periods. Taxonomic richness was signi昀椀cantly lower in the drought year. As opposed to our predictions, 
richness and abundance of Chironomidae and exotic species did not increase with the atypical drought event. Besides, 
most community structure metrics showed a signi昀椀cant relationship with disturbance indices only during the regular 
climatological year, thus indicating that the large-scale effects of water stress may override the conditions of local 
habitats and the surrounding landscape. Therefore, in addition to a correct political-environmental management of 
water resources at local-scale, which includes maintaining the water quality and the riparian and landscape integrity, 
addressing large-scale climate issues is required for the maintenance of the ecological integrity of tropical reservoirs.
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Efeitos de uma seca atípica sobre a comunidade de macroinvertebrados bentônicos em um 

reservatório tropical

Resumo: A ocorrência de episódios atípicos de seca vem crescendo nos últimos anos no Brasil em decorrência de 
mudanças globais no clima. Entretanto, as consequências disso para a biota aquática são ainda pouco conhecidas. 
Testamos a hipótese de que comunidades de macroinvertebrados são negativamente afetadas por eventos de seca 
atípica, dada a sensibilidade de muitos taxa às alterações ambientais. Nossas predições foram que (a) parâmetros 
limnológicos e características de sedimento seriam alterados em um ano de seca atípica, (b) encontraríamos maior 
abundância e riqueza de gêneros de Chironomidae e de espécies exóticas dada à alta capacidade destes organismos 
de adaptarem-se às mudanças no ambiente, (c) métricas de estrutura de comunidade (i. riqueza; ii. % riqueza; iii. 
abundância e iv. % abundância) seriam afetadas por índices de distúrbio (i. Índice de Distúrbio no Buffer-IDB; ii. Índice 
de Distúrbio Local-IDL e iii. Índice de Distúrbio Integrado-IDI) em ambos os anos. O estudo foi realizado no reservatório 
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Introduction

Scarcity of water resources is one of the most debated environmental 
issues worldwide, as it is one of the greatest challenges of this century 
(Dobrovolski & Rattis 2015), and changes in rainfall regimes are responsible for 
exacerbating the occurrence of droughts across the globe (Ledger et al. 2012). 
Extreme climatic events have been increasing over the last 昀椀fty years in 
southeastern Brazil (Marengo 2009). From 2012 to 2014, the drought 
resulted in 56 trillion liters of water de昀椀cit per year due to a precipitation 
approximately 16% lower than the yearly historical average (Getirana 2015). 
That is why the extended drought in 2014 caused huge economic losses in 
hydropower energy generation (Getirana 2015). In general, rains have been 
lower than the Climatological Normal, and 2013 and 2014 were classi昀椀ed as 
very dry years according to the report on the assessment of precipitation in 
river basins of the Minas Gerais State Water Management Institute (IGAM 
2014). The water level in Nova Ponte Hydroelectric Power Plant reservoir 
(Nova Ponte HPP), in the State of Minas Gerais, was 84% of its total volume 
in April 2010, end of the rainy season. In April 2014, this volume reached 
25%, and in April 2015, it reached 22% (ONS 2015). Climate change studies 
have shown increased occurrence of atypical drought events (Romm 2011, 
Gaeta et al. 2014), and their consequences on aquatic macroinvertebrates 
communities such as loss of native species, expansion of exotic species and 
changes in nutrient cycling (Carpenter et al. 2011).

Changes in water temperature, food web dynamics, species composition 
and ecosystem productivity have been observed in reservoirs with the 
increase of overall air temperature (Williamson et al. 2009). Therefore, it 
is possible that reservoirs can act as environmental sentinels of signs of 
climate changes, as being proposed for lakes (Taner et al. 2011). Studies show 
that decreased water level in these environments cause habitat degradation 
and have impact on aquatic organisms, including dryness of sediments and 
death of macrophytes at the littoral zone and the consequent simpli昀椀cation 
of assemblages (Hofmann et al. 2008, Sutela et al. 2013, Magbanua et al. 
2015). Hydropower plant reservoirs are already very unstable environments, 
because water depletion is usually high and changes in water level are 
frequent (Tang et al. 2016). Hence, climate changes are expected to further 
magnify the unstable conditions in reservoirs due to increased occurrence 
of atypical droughts (Magbanua et al. 2015). One of the major impacts of 
decreased water level in reservoirs is the exposure and drying of sediments 
in the shore (Bond et al. 2008, Hofmann et al. 2008). This exposure leads 
to physical habitat homogenization and decreased complexity in shore 
sediments, consequently reducing the availability of food resources and 
refuge for aquatic biota (Hofmann et al. 2008, Kaufmann et al. 2014a, b).

Few ecological studies in tropical regions have assessed the environmental 
integrity of hydropower reservoirs over time (e.g., Mackay et al. 2010). 
However, sampling at distinct environmental conditions is necessary to 
detect trends of changes in freshwater assemblages (Resh et al. 2013), 

including those generated by large-scale climate changes (Lake 2000, Lake 
2003). Analyses of the ecological conditions of these ecosystems have 
been conducted using water quality bioindicators (Martins et al. 2015), 
including benthic macroinvertebrate community (Morais et al. 2017) and 
exotic species (Azevêdo et al. 2016, Linares et al. 2017). The integrated 
analysis of biological metrics and information on land use, physical habitat 
conditions, and water quality enables ecological assessment at multiple 
spatial scales (Macedo et al. 2016, Ferreira et al. 2017, Castro et al. 
2017). The identity of bioindicators in reservoirs is different from that 
of streams and rivers, e.g. insect orders Ephemeroptera, Plecoptera, and 
Trichoptera (EPT), which are considered good indicators in lotic ecosystems 
but are rarer in lakes and reservoirs (Borisov et al. 2016). On the other 
hand, Chironomidae are very abundant and diverse in lentic ecosystems. 
This family can dwell in a wide range of environmental conditions 
(Corbi & Trivinho-Strixino 2016, Saulino et al. 2017), shows a good 
response to environmental degradation (Árva et al. 2015, Brandimarte et al. 
2016), and is a potential biological indicator of climate changes (Ilyashuk 
& Ilyashuk 2007). Recently, Morais et al. (2017) pointed out that water 
level depletion on hydropower reservoirs favours chironomids as early 
colonizers, as they rapidly colonize recently-昀氀ooded areas.

Another metrics which have been gaining importance in biomonitoring 
studies are the presence and abundance of exotic species (Linares et al. 
2017). These species can cause deep changes in ecosystems and their 
communities if they become invasive, and are considered the second leading 
cause of biological diversity loss, after habitat loss (Strayer 2010, Silva & 
Barros 2011). The introduction and constant dispersal of exotic species in 
aquatic ecosystems are facilitated by human activities (e.g., ballast water 
transport, use of species as 昀椀sh bait, releases from recreational production, 
and juvenile 昀椀xation onto ship hulls) (Sousa et al. 2008). Reservoirs are 
especially vulnerable to the invasion of exotic species as they receive 
continuous input of biological materials derived from the main river and 
its tributaries (Rocha et al. 2011). These species might be subsequently 
transported downstream and colonize other sections of the river basins 
(Rocha et al. 2011). The increase in extended droughts might also change 
the environmental 昀椀lters that determine how successful exotic species 
are in colonizing new habitats (Rahel & Olden 2008, Gama et al. 2017, 
McDowell et al. 2017). However, in certain situations, water stress might 
reduce the negative effects of exotic species on the environment, minimizing 
the spatial overlap between native and exotic species (Taner et al. 2011).

Considering that extreme drought events tend to be more frequent over 
the next decades (IPCC 2016), the aim of this study was to assess how 
composition and structure of benthic macroinvertebrate communities change 
in atypical drought conditions in a hydroelectric power plant reservoir in 
the Brazilian cerrado. We worked with the hypothesis that an extreme 
drought event is detrimental to macroinvertebrate communities, with the 
exception of organisms resistant to environmental changes, including the 

da Usina Hidrelétrica de Nova Ponte, Minas Gerais, comparando dois períodos amostrais: um ano climatológico normal 
(2010) e um ano de seca atípica (2014). Foram de昀椀nidos 40 sítios amostrais na região litorânea do reservatório onde foram 
mensurados os tipos de usos do solo no entorno, condições de habitats físicos, características limnológicas na coluna d’água, 
sedimento e comunidades de macroinvertebrados bentônicos. A intensidade de alterações antrópicas foi avaliada em escala 
local e no entorno dos pontos amostrais (buffers) por meio de índices de distúrbio. Observamos diferenças expressivas nos 
parâmetros limnológicos e nas características dos sedimentos entre os dois períodos amostrais. A riqueza taxonômica foi 
signi昀椀cativamente menor no ano de seca. Ao contrário do esperado, os valores de riqueza e abundância de Chironomidae 
e de espécies exóticas não aumentaram com o evento extremo de seca. Paralelamente, a maioria das métricas de estrutura 
de comunidade apresentou relação signi昀椀cativa com os índices de distúrbio somente durante o ano climatológico normal, 
indicando que os efeitos de estresse hídrico em larga escala podem se sobrepor às condições locais de habitat e de paisagem 
circundante. Portanto, deve ser considerada não só a correta gestão político-ambiental de recursos hídricos em escala local, 
que inclui a manutenção da qualidade da água e da integridade da região ripária e uso do solo da região de entorno, mas 
também abordar questões climáticas em larga escala faz-se necessário para a manutenção da integridade ecológica em 
reservatórios tropicais.

Palavras-chave: Fauna bentônica, espécies exóticas, integridade ecológica, estresse hídrico, mudanças climáticas.
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Chironomidae family and the exotic species. Our 昀椀rst prediction is that 
macroinvertebrate diversity might decrease with decreased water volume, 
with a simultaneous increase in Chironomidae richness and abundance. 
Our second prediction is that the abundance of exotic species might increase 
in the drier year, as these species usually have high ecological plasticity and 
are tolerant to environmental changes. Finally, our third prediction is that 
disturbances acting at different spatial scales might affect the biological 
metrics, but this in昀氀uence is not as strong in genera of Chironomidae and 
in exotic species.

Material and Methods

1. Study Area

Nova Ponte Reservoir is located in the middle section of the Araguari 
river basin in the Cerrado of Minas Gerais State, southeastern Brazil 
(Figure 1). It was built in 1987 and started to operate in 1994. According 
to Köppen’s classi昀椀cation, the climate in the region is AWA (tropical with 
hot rainy summers and dry winters), with temperatures ranging between 
14ºC and 30ºC and mean annual rainfall of approximately 1700 mm/year 
(Durães et al. 2001). Dry season typically spans from May to September, 
whereas rainy season spans from October to April. Nova Ponte Reservoir 
is the largest in a series of cascade reservoirs in the Araguari River, 
with a surface area of 443 km2 and maximum accumulation volume 
of 12.8 billion m3 of water (CEMIG 2015). Its hydroelectric power plant 
houses three power generating units with a total capacity of 510 Mw. 
Its dam wall has a maximum height of 142 meters and is 1600 meters 
long, and its residence time is ~507 days (ANA 2016).

2. Selection of sampling sites and sampling periods

Sampling sites were de昀椀ned according to a spatially balanced sampling 
design (Stevens & Olsen 2004), adapted to large tropical reservoirs 
(Macedo et al. 2014). Forty equidistant sampling sites were de昀椀ned starting 
at a random point in the shore perimeter of Nova Ponte Reservoir. At each 
sampling site physical habitats were assessed, physical and chemical 
parameters of water column and sediment granulometry were measured, 
and benthic macroinvertebrate communities were sampled. Samplings 
were carried out in April 2010 (regular drought year) and in April 2014 
(atypical drought year). In this month, the reservoir is expected to have 
its maximum volume, offering higher availability of physical habitats to 
the aquatic biota (Morais et al. 2017). The average volume in 2014 was 
below the historical average for the 14-year data (Figure 2).

3. Characterization of land uses

Land uses were determined by identifying landscape characteristics in the 
in昀氀uence areas (buffers) of 500 m surrounding each sampling site. Buffers 
were analyzed through satellite images (TM sensor onboard Landsat 5) 
captured in the same period as the samplings (April 2010 and 2014). 
Using the Kosmo 2.0 software and images available at Google Earth 6.0, 
images were interpreted and areas with different land uses were de昀椀ned 
(e.g. agriculture, native vegetation, grass 昀椀elds, pasture, constructions).

4. Field protocol

The physical structure of habitats was characterized by applying 
the Physical Habitat Characterization Protocol (USEPA 2012). At each 
sampling site, 10 transects were set 15 meters equidistant from each other. 
In each transect, we assessed continuous sections of coastal zone (wetted 

Figure 1. Sampling sites in the Nova Ponte reservoir, Araguari river basin, MG, Brazil.
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are next to margins, 15 x 10 m), 昀氀ood zone (15 x Y m, where Y represents 
the 昀氀ood zone length, which varies between transects according to the 
slope of margins at the sampling sites), and riparian zone (above 昀氀ood 
zone, 15 x 15 m).

5. Evaluation of limnological parameters and sediment 

characterization

Limnological parameters were evaluated at the 40 sampling sites 
based on measures taken in the subsurface. Water temperature (ºC), pH, 
and electric conductivity (μS cm-1) were measured using a multi-analyzer 
YSI® 6600 model. Total depth was measured using a digital meter gauge 
and water transparency was measured using a Secchi (m) dish. Turbidity 
(NTU) was measured using a Digimed® turbidimeter. At the laboratory, 
chlorophyll-a contents (μg L-1) were measured according to the methodology 
by Golterman et al. (1978) and dissolved oxygen contents (mg L) were 
measured using the Winkler method (1888). Total alkalinity (mEq L-1 CO

2
) 

was calculated according to Carmouze (1994). Organic matter contents 
in the sediment were determined using the gravimetric method, in which 
aliquots (0.3 ± 0.1g) were calcinated in a muf昀氀e furnace at 550°C for four 
hours and then weighed (Esteves et al. 1995). Granulometric composition 
was analyzed using the sieving method, according to Suguio (1973), 
modi昀椀ed by Callisto & Esteves (1996).

6. Characterization of anthropogenic disturbances

In order to determine the level of disturbance at each sampling site, 
three indices were used, according to Ligeiro et al. (2013) and Martins et al. 
(2015): i) Buffer Disturbance Index (BDI), which re昀氀ects the disturbances 
in the buffer area; ii) Local Disturbance Index (LDI), which re昀氀ects 
disturbances at the local scale; and iii) Integrated Disturbance Index (IDI), 
which was calculated based on the two previous indices.

BDI was determined based on the percentages of land use inside each 
buffer (500 m), and different weights were attributed to each type of land 
use activity, according to the formula:

( )
%  

4 %  2 %  
%   

agricultural areas
BDI urban areas pasture areas

bare soil area

 
  +
 

+
= × + ×  (1)

The SynRDis_IX index was used as a measure for the LDI. For compound 
this index we measured several metrics of physical habitat and human 
alterations along each site (Table 1), and calculations we made according 
to Kaufmann et al. (2014a, b).

Finally, a disturbance plane was built having the BDI and the LDI 
as the two axes, and the IDI was calculated as the Euclidian distance 
between the position of each site relative to the origin of the plane (zero 
values in both axes) (Ligeiro et al. 2013, Martins et al. 2015). Values 
farther from the origin represent higher departure from better ecological 
status, and consequently, higher human modi昀椀cations. In other words, 
sampling sites located near the origin of the disturbance plane represent 
locations minimally changed by human activities, and can be considered 
as reference areas according to the Maximum Ecological Potential concept 
(Molozzi et al. 2013a).

7. Sampling of benthic macroinvertebrates

Samplings of macroinvertebrate communities were performed at each 
sampling site using an Eckman-Birge drag (area 0.022 m2). Samples were 
stored in plastic bags, 昀椀xated with 4% formaldehyde and transported 
to the Benthic Ecology Laboratory of the Federal University of Minas 
Gerais. At the laboratory, samples were rinsed individually through two 
sieves with mesh sizes 1.0 and 0.5 mm. After that, animals were sorted 
and identi昀椀ed using a stereoscope microscope with 40x magni昀椀cation. 
Identi昀椀cation was performed at the family level with the help of speci昀椀c 
taxonomic keys (Pérez 1988, Merritt & Cummins 1996, Carvalho & Calil 
2000, Epler 2001, Fernández & Domínguez 2001, Costa & Simonka 2006, 
Mugnai et al. 2010). Oligochaeta, Hirudinea and Hydracarina were not 
identi昀椀ed at family. Individuals of the family Chironomidae (Diptera, 
Insecta) were identi昀椀ed at the genus level, using the taxonomic key by 
Trivinho-Strixino (2011). Exotic species were identi昀椀ed using speci昀椀c 
taxonomic keys (Melo 2003, Pereira et al. 2012, Santos et al. 2012).

8. Biological metrics calculation

Some biological metrics were calculated according to Silveira 
(2004) and Ferreira et al. (2011), namely: i) richness, ii) % richness, iii) 
abundance, and iv) % abundance, for the following data: (a) benthic taxa, 
(b) Ephemeroptera, Plecoptera and Trichoptera (EPT) (Leptohyphidae, 
Leptophlebiidae, Polymitarcyidae and Hydropsychidae) as sensitive 
taxa, (c) tolerant taxa (Staphylinidae, Chaoboridae, Ceratopogonidae, 
Naucoridae, Gomphidae, Libellulidae and Corixidae), (d) resistant taxa 
(Oligochaeta), (e) exotic species (Corbicula 昀氀uminea Müller 1974, 
Melanoides tuberculatus Müller 1974, and Macrobrachium amazonicus 
Heller 1862), (f) genera of Chironomidae.

9. Data analysis

9.1. Assessing spatial correlation among macroinvertebrate 

communities

To analyze spatial correlation of macroinvertebrate composition among 
sampling sites, the Mantel test (Mantel 1967) was performed at each 
sampling period using the ‘vegan’ package (Oksanen et al. 2017) of the 
R program (R Core Team 2017). A Bray-Curtis dissimilarity matrix was 
built using macroinvertebrate abundance data (transformed in Log

10
 (x+1)) 

and a spatial distance matrix was built applying an Euclidian distance in 
the geographical (lat/long) coordinates (UTM).

We also employed the Moran’s I autocorrelation coef昀椀cient to 
evaluate spatial autocorrelation in taxonomic richness and abundance of 
macroinvertebrates at each sampling period. We used the inverse (1/x) of 
the Euclidean distances between pairs of sites as a measurement of distance 
weight. For these analyses we used the ‘ape’ package (Paradis et al. 2004), 
also in R program (R Core Team 2017).

Figure 2. Historical water volume data of Nova Ponte reservoir, Araguari river 
basin, MG, regarding the month of April from the years of 2003 to 2016.
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9.2. Comparisons of land uses and limnological variables 

between years

Paired t-tests were used to analyze the differences of land uses in 
site buffers and limnological variables between the two sampling years. 
The percentage data 昀椀rst went through an arcsine square root transformation. 
BDI, LDI, and IDI values were also compared between sampling years in the 
same manner. These analyses were performed in the Statistica 6.0 program 
(Statsoft 2011).

9.3. In昀氀uence of anthropogenic disturbances on the benthic 
macroinvertebrate community

Paired t-tests were used to check differences in taxonomic richness and 
abundance of individuals between sampling years. In order to assess the 
effects of anthropogenic in昀氀uences on macroinvertebrate communities at 
different spatial scales, multiple linear regressions were performed between 
biological metrics and disturbance indices (BDI, LDI). These analyses 
were performed separately for each sampling year using the Statistica 6.0 
program (Statsoft 2011).

Results

Types of land use in areas surrounding the sampling sites in Nova 
Ponte Reservoir showed no striking changes between sampling years. 
In 2010, they were represented by grass 昀椀elds (34.1%), native vegetation 
(33.6%), agriculture (21.7%), pasture (9.4%), bare soil (0.9%), and 
constructions (0.3%). This scenario was generally similar in 2014; 
昀椀elds (34.0%) (no change), native vegetation (33.6%) (no change), 
agriculture (22.2%) (t = -1.000, df = 39, p = 0.323), pasture (9.0%) 
(t = 1.000, df = 39; p = 0.323), bare soil (0.9%) (no change), and 
constructions (0.3%) (no change).

Regarding limnological parameters, a quite different scenario 

was observed between the regular climatological year (2010) and the 

atypical drought year (2014) (Table 2). In 2010 we observed a higher 

water conductivity, while in 2014 almost all limnological parameters 

presented higher values, including pH, turbidity, Chlorophyll-a and total 

alkalinity. The analysis of granulometric composition in the shore sediment 

indicated larger particle sizes in 2010 (pebbles and gravels) compared 

to those obtained in 2014, when we observed a higher proportion of 昀椀ne 
and very 昀椀ne sand.

Disturbance indices results were similar between study years 

(LDI, t = 0.182, df = 39, p = 0.856; BDI, t = -1.000, df = 39, p = 0.323; 

IDI, t = 0.033, df = 39, p = 0.973) (Figure 3). This emphasizes that the 

atypical drought year did not in昀氀uence anthropogenic stress intensity 
along the reservoir shoreline.

Table 1. Metrics used to calculate the Local Disturbance Index (LDI), after Kaufmann et al. (2014a; b).

Metric Description Min Med Max

Pdraw Ratio of horizontal drawdown distance divided by the 昀椀eld plot size (15m). 1.0 1.9 6.1

rviWoody Summed coverage of woody vegetation in the canopy, understory and ground cover. 0.1 0.4 0.8

rvfcCanBig Mean proportional areal cover of large diameter trees averaged over the 10 plots. 0.0 0.3 0.8

rvfcGrdBare Mean proportional areal cover of bare ground (soil) averaged over the 10 plots. 0.0 0.1 0.6

hifpAnyCirca Proportion of plots with at least one type of human activity. 0.0 0.2 1.0

hiiAg Proportion of plots with agricultural activities. 0.0 0.1 1.9

hiiNonAg Proportion of plots with non-agricultural activities. 0.0 0.2 3.2

hiiAll Sum of the proportions of plots with agricultural and non-agricultural activities. 0.0 0.3 5.1

hiiAllCirca Proportion between agricultural and non-agricultural activities. 0.0 0.1 1.0

Table 2. Limnological and sediment variables measured in Nova Ponte reservoir, Araguari river basin, MG, in the years of 2010 and 2014. It is being presented the mean, 
the standard deviation and the results of the paired t-tests (d.f. = 39, * p ≤ 0,05).

Variables 2010 2014 t p

% Cobbles (64 - 250 mm) 0.26 ± 0.38 0.00 ± 0.00 4.294 < 0.001

% Gravel (2 - 63 mm) 0.19 ± 0.24 0.07 ± 0.12 2.707 0.01

% Fine sand (0.1 - 0.249 mm) 0.33 ± 0.15 0.42 ± 0. 15 -2.466 0.01

% Very Fine Sand (0.125 - 0.062 mm) 0.54 ± 0.24 0.71 ± 0.18 -3.702 < 0.001

Secchi (m) 3.13 ± 1.45 1.47 ± 1.10 7.994 < 0.001

pH 7.56 ± 0.19 7.94 ± 0.52 -3.683 < 0.001

Conductivity (µS cm-1) 22.80 ± 4.21 2.77 ± 1.47 36.919 < 0.001

Turbidity (UNT) 2.53 ± 1.47 33.27 ± 49.24 -3.947 < 0.001

Chlorophyll a (µg L-1) 0.86 ± 0.43 1.37 ± 1.28 -2.233 0.031

Total alkalinity (mEq L-1 CO
2
) 155.35 ± 33.16 234.58 ± 83.74 -6.437 < 0.001

Figure 3. Ordered values of the Integrated Disturbance Index (IDI) of the sites in 
the years of 2010 (●) and 2014 (○).
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Table 3. List of taxa found in Nova Ponte reservoir, Araguari river basin, MG, in 
the years of 2010 and 2014.

Taxa
Abundance

2010 2014

Clitellata

Oligochaeta 470 92

Hirudinea 1 0

Mesogastropoda

Melanoides tuberculatus 14 0

Veneroida

Corbicula 昀氀uminea 12 13

Decapoda

Macrobrachium amazonicum 1 0

Trombidiformes

Hydracarina 4 0

Diptera

Chironomidae 515 390

Chaoboridae 47 439

Ceratopogonidae 7 2

Ephemeroptera

Leptohyphidae 16 2

Caenidae 9 0

Baetidae 3 0

Leptophlebiidae 0 5

Polymitarcyidae 0 1

Coleoptera

Elmidae 1 0

Staphylinidae 0 2

Odonata

Gomphidae 5 6

Libellulidae 5 1

Lepidoptera

Pyralidae 1 0

Trichoptera

Leptoceridae 2 0

Polycentropodidae 3 0

Hydropsychidae 0 1

Hemiptera

Naucoridae 0 1

Corixidae 0 1

Table 4. List of genera of Chironomidae found in Nova Ponte reservoir, Araguari 
river basin, MG, in the years of 2010 and 2014.

Genera
Abundance

2010 2014

Tanypodinae

Ablabesmyia Johannsen, 1905 15 11

Clinotanypus Kieffer, 1913 0 2

Coelotanypus Kieffer, 1913 16 11

Djalmabatista Fittkau, 1968 2 1

Labrundinia Fittkau, 1962 2 0

Tanypus Meigen, 1803 0 73

Orthocladiinae

Cricotopus van der Vulp, 1874 36 0

Metriocnemus van der Wulp, 1874 0 1

Chironominae

Aedokritus Roback, 1958 13 10

Asheum Sublette, 1964 5 7

Axarus Roback, 1980 2 0

Caladomyia Säwedal, 1981 5 0

Chironomus Meigen, 1803 25 26

Cladopelma Kieffer, 1921 14 21

Cryptochironomus Kieffer, 1918 2 2

Dicrotendipes Kieffer, 1913 0 3

Fissimentum Cranston & Nolte, 1996 29 5

Goeldichironomus Fittkau, 1965 5 37

Nilothauma Kieffer, 1920 4 1

Paralauterborniella Lenz, 1941 1 7

Pelomus Reiss, 1990 2 9

Polypedilum Kieffer, 1912 70 73

Saetheria Jackson, 1977 1 7

Stempellinella Brundin, 1947 0 1

Stenochironomus Kieffer, 1919 3 1

Tanytarsus van der Wulp, 1874 204 25

A total of 1,116 individuals were identi昀椀ed in 2010, distributed 
in 18 taxa. The most abundant groups were Chironomidae (46%) and 
Oligochaeta (42%). The 456 Chironomidae were identi昀椀ed in 21 genera, 
with predominance of Tanytarsus (van der Wulp 1874), which had 45% 
of the sampled individuals, and Polypedilum (Kieffer 1912), with 15%. 
No signi昀椀cant correlation was observed between the distance between 
sites and the similarity of their species composition (R = 0.057, p = 0.22). 
Taxonomic richess and abundance of macroinvertebrates were 
weakly, but signi昀椀cantly, spatially autocorrelated during this year 
(Morans’I = 0.05, p = 0.03 in both cases).

In 2014, 956 individuals were collected and identi昀椀ed in 14 taxa 
(46% Chaoboridae and 41% Chironomidae) (Table 3). A total of 
334 collected individuals of Chironomidae were identi昀椀ed in 22 genera, 
with predominance of Polypedilum (Kieffer 1912) and Tanypus (Meigen 
1803) (each with 22% of the total) (Table 4). Again, no relationship was 
observed between spatial distances between sites and the similarity of their 

communities (R = -0.007, p = 0.51). Taxonomic richess and abundance 
of macroinvertebrates were not spatially autocorrelated during this year 
(respectively, Morans’I = 0.03, p = 0.22 and Morans’I = 0.03, p = 0.09).

The richness of macroinvertebrates was signi昀椀cantly lower in the drier 
year (t = 2.882, d.f. = 39, p = 0.006), with 2.9 ± 1.7 (average ± standard 
deviation) taxa sampled in 2010 and 2.1 ± 0.9 taxa sampled in 2014. 
Macroinvertebrates did not show signi昀椀cant differences in abundance 
(t = 0.427, d.f. = 39, p = 0.671), with 27.9 ± 39.1 individuals collected in 
2010 and 23.9 ± 41.7 individuals collected in 2014. On the other hand, 
there was no change in richness (t = -0.813, d.f. = 39, p = 0.420) and 
abundance (t = 0.727, d.f. = 39, p = 0.471) of genera of Chironomidae 
between years. Three exotic species were recorded in 2010: Corbicula 

昀氀uminea (Müller 1974), Melanoides tuberculatus (Müller 1974), and 
Macrobrachium amazonicus (Heller 1862), whereas only C. 昀氀uminea 
was recorded in 2014.

No biological metric was related with BDI in neither of the two years 
(Table 5). In 2010, three biological metrics (exotic species abundance, 
percentage of individuals of exotic species, and percentage of exotic 
species richness) were signi昀椀cantly related to the LDI; whereas in 2014, 
only the metric exotic species abundance was signi昀椀cantly related to 
the LDI (Table 5).
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Discussion

The 2014 drought in southeastern Brazil was considered atypical for 
the region (IGAM 2014, ANA 2016). A water shortage crisis followed 
this episode in several parts of the country because of the low rainfall and 
also due to the poor management of water resources and the widespread 
environmental degradation related to anthropogenic activities (Dobrovolski 
& Rattis 2015). The total rain recorded over the previous two periods 
(2012/2013 and 2013/2014) were lower than the climatological normal, 
and these years were classi昀椀ed respectively as ‘slightly dry’ to ‘very dry’ 
(IGAM 2014, ANA 2016). Consequently, changes in the macroinvertebrate 
community, in the limnological parameters, and in the physical habitats 
of the Nova Ponte Reservoir were observed in 2014.

Macroinvertebrate taxonomic richness was lower in the atypical drought 
year (2014), but there was no change in the richness and abundance of 
genera of Chironomidae between years. Higher climatic unpredictability 
and the occurrence of extreme events have been seriously affecting aquatic 
biodiversity (Lake 2003). Hydrological disturbances might lead to changes 
in the characteristics of the environment, as observed in our study, since 
limnological parameters and habitat characteristics were strikingly different 
between the regular climatological year (2010) and the atypical drought year 
(2014). Water shortage led to decreased water level in the reservoir, and 
consequently, to increased pH, suspended solid contents, and chlorophyll-a, 
all of which are relevant factors to the structuring of benthic communities 
(Navarro et al. 2009). We also observed that decreased water volume led to 
changes in the granulometric composition of sediments, with predominance 
of 昀椀ner particles in the drier year. This might be explained by shore retreat 
in the horizontal pro昀椀le of the reservoir due to water level depletion. 
Therefore, the area which was a limnetic region in 2010 became a littoral 
region in 2014 due to water depletion, and this might have contributed to 
the lower macroinvertebrate diversity observed in this atypical drought 
year. Granulometric composition has been considered to be the factor with 
the highest in昀氀uence on the distribution of benthic macroinvertebrates 
at a local scale in tropical reservoirs (Molozzi et al. 2013b). Hence, the 
more diversi昀椀ed the sediment, the higher the availability of shelters and 
protection for these organisms (Molozzi et al. 2011, Zerlin & Henry 2014).

Oligochaeta and larvae of Chironomidae and Chaoboridae were present 
and abundant in both sampling periods. In 2014, these organisms were the 
dominant taxa. This might be attributed to the high resistance of these groups 
to changes caused by water level depletion in the reservoir (Dollar et al. 2013, 
Morais et al. 2017). In addition, these organisms have high reproduction rates, 
and might adapt to sudden changes in water quality (Ledger et al. 2013). 
Chaoboridae are represented by cosmopolitan and voracious organisms 
which predate other invertebrates, especially zooplankton. They might be 
found in the sediment during the day and in the water column at night, and 
are common in reservoirs (Zerlin & Henry 2014). Many Chironomidae 
larvae inhabit harsh habitats, such as 昀椀ne sediments, hot waters, and low 
oxygen contents (Ledger et al. 2012). The genus Tanypus was one of the 
most abundant in 2014. These larvae have preference for shallow places, 
and are adapted to 昀氀uctuations in environmental conditions. They are 
also known as organic pollution-tolerant organisms (Silva et al. 2009). 
On the other hand, the genera Cricotopus, Fissimentum and Tanytarsus 

presented a sharp decrease of abundance in the drought year, revealing the 
bioindicator potential of these genera (Morais et al. 2010). The decrease in 
the abundance of Oligochaeta in 2014 may indicate the preference of this 
group for littoral zones in reservoirs (Azêvedo et al. 2015), which were 
exposed during the water stress.

Our results showed that disturbance index values (Integrated Disturbance 
Index-IDI, Buffer Disturbance Index-BDI, and Local Disturbance Index-LDI) 
underwent minimum changes in Nova Ponte Reservoir when both study 
years were compared. Thus, the decrease observed in taxonomic richness 
was, in fact, due to the water stress event and not to increased human 
disturbance around the reservoir. Overall, Local Disturbance Index (LDI) 
better explained the variation in community structure than the Buffer 
Disturbance Index (BDI). This contrasts with the pattern usually observed in 
lotic ecosystems, such as streams, where disturbances acting in the drainage 
basin typically have higher in昀氀uence on community structure (Martel et al. 
2007, Kail et al. 2012, Ligeiro et al. 2013). Reservoirs are essentially 
arti昀椀cial environments created for several different purposes, including 
electric power generation and water for human consumption (Tundisi & 
Matsumura-Tundisi 2008). Thus, this large-scale arti昀椀cial condition is 
probably minimizing the importance of landscape elements operating 
in the area around sampling sites (buffers), and local-scale disturbance 
is more likely to have in昀氀uence over the aquatic biota (Molozzi et al. 
2013a). Therefore, our 昀椀ndings indicate that the management of arti昀椀cial 
ecosystems must be based on premises other than those used for natural 
ecosystems. We encourage further studies to test the generality of this 
statement. Additionally, the effects of anthropogenic disturbance indices 
(LDI, BDI) on biological variables were more evident in 2010, which was 
within the climatological normal for that region. This suggests that the 
large-scale water stress which occurred in 2014 overrode the importance 
of both land uses and local habitat disturbances for the macroinvertebrate 
communities. In other words, large-scale climatic events negatively affect 
the ecological integrity of reservoirs, regardless of the conditions in their 
aquatic habitats and their surrounding areas. This corroborates 昀椀ndings of 
studies by international agencies, which emphasize the need for stopping 
and reversing severe global climate changes (IPCC 2016, Boersma et al. 
2016). If that is not done, habitat management and conservation measures 
conducted at more limited scales will be of little use.

Exotic species were also negatively in昀氀uenced by the water stress 
event. In 2014, these species presented quite decreased richness and 
abundance. Corbicula 昀氀uminea was the only exotic species found in 
2014, although in lower numbers. This species has a remarkable capacity 
of re-colonizing and recovering its abundance after the occurrence of 
disturbances (Sousa et al. 2008). Some studies have demonstrated that 
increased turbidity might increase mollusk mortality (Avelar et al. 2014, 
Neves et al. 2014). Sediment type might also in昀氀uence the mortality of these 
organisms, since very 昀椀ne fractions require higher energy expenditure to 
keep the individuals in the sediment, and they might also clog the pallial 
cavity (Vianna & Avelar 2010). In addition, changes in several factors during 
drought, such as increased temperature, pH, and turbidity, might increase 
the mortality of benthic organisms, whether exotic or not (Sousa et al. 
2008). The presence of exotic species can lead to a pauperization of 

Table 5. Multiple regression between the biological metrics and the disturbance indexes (IDB and IDL) in Nova Ponte reservoir, Araguari river basin, MG, in the years 
of 2010 and 2014. Only the response variables which rendered signi昀椀cant models (* p ≤ 0,05) were presented.

Biological Metrics

2010 2014

IDB IDL
F(2,37) p

IDB IDL
F(2,37) p

p- level B p-level B p-level B p-level B

Abundance of non-native species 0.614 0.035 0.005* 0.186 4.554 0.017 0.559 0.029 0.007* 0.106 4.215 0.022

Percent of non-native individuals 0.870 0.674 0.011* 10.014 3.610 0.036 0.876 0.571 0.066 5.204 1.793 0.180

Percent non-native species richness 0.465 -0.025 0.017* -0.076 3.423 0.043 0.979 0.083 0.127 3.818 1.214 0.308
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macroinvertebrate communities (Linares et al., 2017). In this way, one can 
expect an amelioration of ecosystem integrity with the removal of those 
species. However, in this study the water stress impacted greatly both native 
and exotic species, so that any positive consequence resultant from this 
removal could not be detected. Therefore, if the patterns observed in this 
case study are con昀椀rmed, it is possible that water stress events might work 
as a barrier for the advance of exotic species distribution in reservoirs. 
On the other hand, metacommunity dynamics might also buffer local 
extinction events, keeping these species in the regional pool (Leibold et al. 
2004, Brown et al. 2011).

Conclusion

Although our temporal sampling effort was too short (normal versus 
atypical drought, one year each), our study provides important information 
about atypical drought conditions, creating unique opportunities to understand 
the ecological effect of climate changes in tropical reservoirs. The water 
level depletion caused in Nova Ponte Reservoir by an atypical drought 
event affected both limnological parameters of water and sediment size 
in the shore, thus in昀氀uencing benthic macroinvertebrate communities. 
Nevertheless, the level of anthropogenic disturbances did not change 
between years, indicating that the drought per se did not in昀氀uence the 
intensity of human intervention observed in local habitats and in the areas 
surrounding sampling sites (buffers). Our hypothesis that an extreme drought 
event is detrimental to macroinvertebrate communities was generally 
corroborated. However, our prediction that exotic species would bene昀椀t 
from the water stress event was not, as we observed a reduction in the 
richness and abundance of these organisms during that period. Although 
some genera of Chironomidae presented a decreased abundance due to the 
water stress, most genera tolerated well the drought conditions, con昀椀rming 
the high environmental plasticity of this group. Our results indicate that 
damaging effects caused by a large-scale water stress event might override 
the effects of habitat integrity in reservoirs and their surrounding landscapes, 
which has important implications for the management of these arti昀椀cial 
environments in a setting of global climate changes.
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