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Abstract: For mitigation of environmental problems generated by bad water resource management, the first step is to 
develop methods for effective diagnosis. The potential bioindicator, mainly in the benthic community, in the evaluation 
of water quality is the structure of the community, associated with magnitude of environmental impact. The aim of the 
present study was to evaluate the effectiveness of abundance biomass curves (ABC) as tools to estimate ecological 
quality in reservoirs in the Brazilian semi-arid region. Two reservoirs, Epitácio Pessoa and Argemiro de Figueiredo were 
selected. These reservoirs are located in the watershed of the Paraíba River, in Northeast Brazil. Sampling was done at 
40 sites in the littoral region of each reservoir, during the periods of higher and lower water volume in the reservoirs. 
ABC for semi-arid region reservoirs showed disparate results for biological and environmental indicators, because 
they had a better relationship with momentary variables (physical and chemical parameters). This may be related to 
the high occurrence of exotic species, principally Corbicula largillierti, which has a high biomass, in association with 
a severe drought period. ABC must thus be used with parsimony and combined with other indicators, for an accurate 
and coherent characterization.
Keywords: Benthic Macroinvertebrates, Environmental Impact, Biomonitoring, Exotic Species.

Eficácia das curvas de abundância e biomassa na detecção de alterações ambientais em 
reservatórios do semiárido

Resumo: Para mitigação de problemas ambientais gerados pela má gestão de recursos hídricos, o primeiro passo é o 
desenvolvimento metodologias de diagnósticos eficientes. O potencial bioindicador, principalmente da comunidade 
bentônica, na avaliação da qualidade da água deve-se aos aspectos estruturais dessa comunidade, associado com a 
magnitude de impactos ambientais. O objetivo do presente estudo foi avaliar a eficiência das curvas de biomassa e 
abundância (ABC) como ferramentas para estimar a qualidade ecológica em reservatórios na região do semi-árido 
brasileiro. Dois reservatórios, Epitácio Pessoa e Argemiro de Figueiredo foram selecionados. Estes reservatórios estão 
localizados na bacia do rio Paraíba, no nordeste do Brasil. As coletas foram realizadas em 40 locais na região litorânea 
de cada reservatório, durante os períodos de maior e menor volume de hídrico. As curvas ABC, quando plotadas em 
reservatórios do semiárido, apresentaram resultados diferentes aos indicadores biológicos e ambientais, tendo uma 
relação melhor com as variáveis   momentâneas (parâmetros físicos e químicos). Isso pode estar relacionado à alta 
ocorrência de espécies exóticas, principalmente Corbicula largillierti, o que reflete uma elevada biomassa, combinada 
com um período severo de seca. O método ABC devem ser utilizadas com parcimônia e associada a outros indicadores, 
para uma caraterização coerente e precisa.
Palavras-chave: Macroinvertebrados bentônicos, Impacto ambiental, Biomonitoramento, Espécies exóticas.

Introduction

Reservoirs are used for various purposes, such as electrical power 
generation, irrigation, navigation, leisure, and water supply (Tundisi et al. 
2008). The various uses of these ecosystems can end up negatively 

affecting water quality of aquatic systems (Thorne & Williams 1997, 
Bednarek 2001, Abellán et al. 2006). Ecological quality depends on 
the functional characteristics of an ecosystem, such as the physical and 
chemical quality of the water, morphometry quality, and functional and 
structural features of the biological communities (Molozzi et al. 2013).
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Aquatic ecosystems in semi-arid regions have particularities related 
to low rainfall levels, rain irregularity and high rates of evaporation 
(Barbosa et al. 2012). In this case, barring rivers and other environmental 
features of semi-arid regions, such as high salt concentrations, long periods 
of water retention (about 3 to 5 years) and habitat homogenization, cause 
biological integrity loss and trophic imbalance and thus alterations in the 
structure and composition of biological communities (Rocha et al. 2012).

For mitigation of environmental problems generated by inadequate 
water resource management, the first step is to develop methods for effective 
diagnosis (Buss 2003). Although water physical and chemical parameters are 
good estimators of the pollution level of aquatic ecosystems, they overlook 
the biological communities (Thompson et al. 2008, Camargo et al. 2011). 
This results in a momentary assessment, which is insufficient to diagnose the 
ecological quality of aquatic ecosystems (Baptista 2008, Molozzi et al. 2012).

Ecological quality evaluation of aquatic ecosystems has incorporated 
benthic macroinvertebrates as a biological tool to measure stress factors in 
continental water ecosystems (Statzner & Bêche 2010, Pope et al. 2013). 
Benthic macroinvertebrates exhibit biological traits that reflect ecological 
integrity in aquatic ecosystems, considering the effects of pollutants over a 
period of time and including all the dimensions of the ecosystem (Otermin et al. 
2002, Sharma & Rawat 2009). The abundance and biomass of the benthic 
community are considered important biological attributes for the evaluation 
of ecological quality. Preserved freshwater ecosystems usually show a lower 
biomass in the benthic macroinvertebrates community, and an abundance 
equally distributed, due to low concentrations of dissolved nutrients, and 
consequently, lower productivity compared to impacted ecosystems (Ahrens & 
Peter 1991, Jørgensen et al. 1992, Takahashi et al. 2008, Molozzi et al. 2013).

The use of abundance biomass curves (ABC) as tools for biomonitoring 
was proposed by Warwick (1986), through the comparison of the curves. This 
method was first used for the marine macrobenthic community, founded on 
the evolutionary strategy theories “k” and “r”, comparing dominance curves 
in terms of abundance and biomass (Clarke & Warwick 2001), according to 
the perspective that the distribution of the numerical abundance of organisms 

and total biomass do not show the same pattern in ecosystems subject to 
different levels of pollution (Marques et al. 2009). The theory founded on 
the evolutionary strategies “k” and “r” suggests that in environments under 
stable conditions, with less disturbance, it is expected that the biomass curve 
rises above the abundance curve, classifying the environment as non-polluted. 
In such scenario, the community is likely dominated by “k” strategist species 
with one or two species at high biomass levels, but showing low abundance 
of species (Yemane et al. 2005). These species are characterized as having 
slow growth, late maturation, and large body size, and being rarely dominant 
in terms of abundance, although they are dominant in terms of biomass 
(Yemane et al. 2005). On the other hand, curves can also tend to overlap, 
identifying a moderately disturbed environment, when the community shows 
“k” species being replaced by “r” species, which show fast growth and are 
dominant in terms of biomass and number (Yemane et al. 2005, Puente & 
Diaz 2008, Carvalho et al. 2013). When the abundance curve rises above the 
biomass curve, the environment is classified as severely polluted, because 
the community is theoretically dominated by “r” species, with smaller body 
size, but with high numerical abundance (Carvalho et al. 2013).

In evaluating the ecological quality of aquatic ecosystems, several 
aspects must be incorporated for a comparative and complementary 
classification (Molozzi et al. 2013). The aim of this study was to evaluate 
the effectiveness of biomass abundance curves (ABC) as tools to estimate 
ecological quality in reservoirs in the Brazilian semi-arid region. The study 
comparing ABC with other ecological and environmental indicators is 
important to evaluate the concordance of such curves with the description 
of ecological conditions in semi-arid region reservoirs.

Material and Methods
Two reservoirs, Epitácio Pessoa and Argemiro de Figueiredo were 

selected. These reservoirs are located in the watershed of the Paraíba River, 
in Northeast Brazil (Figure 1). Minimum air temperature is in July and 

Figure 1. Geographical location of Epitácio Pessoa and Argemiro de Figueiredo reservoirs in the watershed of the Paraíba River, in Brazil. The points in the figure 
indicate the sampling sites.
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August (18-22ºC), and maximum in November and December (28-31ºC). 
The climate of the region is BSh semi-arid hot (Köppen-Geiger 1936), 
with average rainfall of 400 mm/year (AESA 2013). The watershed of 
the Paraiba River is the second largest in Paraiba State. It is composed of 
the sub-watershed of the Taperoá River and regions of the upper, middle 
and lower course of the Paraiba River. It includes a 20.072 km2 area, with 
maximum capacity of 1.078.104.307 km3 of accumulated water and about 
1.828.178 inhabitants in its coverage area (AESA 2013).

The Epitácio Pessoa Reservoir (7º27.5’3”S; 35º35’52.6”W) was 
constructed in 1956, and is located in the division between the upper and 
middle course of the Paraiba River with drainage basin of 26.784 ha, 
accumulation capacity of 418 million m3 and hydraulic retention time of 
3 to 5 years. Argemiro de Figueiredo Reservoir (7º29’20”S; 36º17’3”W) 
was constructed in 2001, located in the middle and lower course of the 
Paraiba River, with drainage basin of 2.300 ha, accumulation capacity 
of 253 million m3 and hydraulic retention time of 3 to 5 years. The main 
use of the reservoirs is for water supply, but they are also used for other 
activities such as fishing, leisure, regional tourism and irrigation.

In each reservoir, sampling was conducted at twenty sites in the 
littoral region in periods of higher and lower water volume, representing 
variations in the benthic macroinvertebrates community between seasonal 
periods. The higher water volume in the reservoirs was observed in 
December (2011), when we recorded in the Epitácio Pessoa Reservoir 
373.957.565 m3 of water (90.8% of its maximum capacity), and in the 
Argemiro de Figueiredo Reservoir 206.397.908 m3 of water (81.6% of 
its maximum capacity). Meanwhile, in July (2012), we recorded the 
lower volume in the reservoirs, i.e., 308.826.158 m3 for Epitácio Pessoa 
(75% of maximum) and 143.367.467 m3 for Argemiro de Figueiredo 
(56.7% of maximum) (AESA 2014).

The macroinvertebrates were sampled using a Van Veen dredge 
(500 cm2 area). The sediment samples were fixed in situ in 4% formaldehyde. 
In the laboratory, the samples were washed with overlapping sieves 
(1.00 – 0.50 mm), preserved in alcohol (70%) and identified to the family 
level (Mugnai et al. 2010), except for the family Chironomidae, in which 
identification was to the genus level (Trivinho-Strixino 2011).

After taxonomic identification, the organisms were dried in an oven 
at 60°C for 72 hours and weighed (accuracy of 10-5 mg) for biomass 
determination. The individuals of the phylum Mollusca were burned in 
a muffle furnace at 450°C for 4 hours to estimate the ash free dry weight 
(Azevêdo et al. 2015).

In each sampling period and at each sampling site, physical and 
chemical variables were measured in situ using a multiparameter probe 
(Horiba/U-50): dissolved oxygen (mg/L), electrical conductivity (mS/cm), 
turbidity (NTU) and pH. Water samples were collected in the sub-surface 
with a Van Dorn type bottle for subsequent analysis of total nitrogen (TN), 
total phosphorus (TP), nitrite (NO2

-), nitrate (NO3
-), ammonium ion (NH3

-) 
and reactive soluble phosphate (PO4

-), in accordance with the “Standard 
Methods for the Examination of Water and Wastewater” (APHA 2005). 
The concentration of chlorophyll-a (Chla) was determined according to 
Lorezen (1967). Transparency was estimated using a Secchi disk, and water 
column depth was estimated using a portable sonar (Laylin Associates 
SM5 SM-5).

For the characterization of the physical aspects of the habitat and 
anthropic disturbance in the reservoirs, ten protocols of physical habitat 
characterization were applied at each sampling site, totaling 200 protocols 
applied for each study reservoir according to methods determined by 
the US Environmental Protection Agency (USEPA 2012). The protocol 
was applied only in the period of higher water volume in the reservoirs. 
Observations were taken from three areas: littoral zone (10 m wide and 
15 m length), floodplain (15 m width and variable length), and riparian 
zone (15 m width and 15 m long).

The protocol evaluates physical features of habitats such as the bottom 
substrate from the littoral zone, presence and types of macrophytes, 
potential shelters for fish, riparian and flooding zone dossal, and type 
of ground vegetation, along with the assessment of human influences 
such as construction, trade, transmission lines or trash, and grain crops. 
For this study, information was used about human disturbance around the 
reservoirs, and disturbance metrics were established for the flooding zone 
(Kaufmann et al. 2014, Azevêdo et al. 2017).

Metrics of anthropic disturbance in the flooding zones were determined 
according to the methods developed by the Environmental Protection 
Agency of the USA (USEPA, 2012; Kaufmann et al. 2014).

In this work, the intensity and extension indices of human disturbance were 
used, considering 12 types of human disturbance activities. Four activities 
are related to agriculture (grain crop fields, pastures, orchards, grass/parks) 
and eight activities are related to other types of disturbances (constructions, 
trade, artificial beaches, docks/boats, walls/dikes, trash, roads, railroads, 
transmission lines). The disturbance metric was determined as the absence 
of disturbance corresponding to weight 0, the disturbance inside of the 
parcel with weight 1, and disturbances adjacent to the analyzed parcel 
with weight 0.5. The values were then used for final metric calculation. 
The index of the final metric included values varying from 0 to 1. 
Values closest to 0 indicated smaller degrees of disturbance, and values 
closest to 1 indicated more intense disturbances. The metric values were 
characterized as follows: from 0 to 0.30 was a smaller disturbance degree, 
0.31 to 0.6 was a moderate disturbance degree and 0.61 to 1 was more 
intense disturbance degree (Kaufmann et al. 2014).

The Shannon-Wiener diversity index (Shannon & Weaver 1963) and 
taxonomic richness were used as comparative parameters with ABC method, 
to improve explicability of the overlapping of the curves in the periods of 
higher and lower water volume, and between reservoirs.

The disturbance degree in the reservoirs was estimated using the 
ABC method proposed by Warwick (1986), based on ABC tendencies. 
In impacted environments, abundance curve is above biomass curve; in 
moderately disturbed environments, abundance and biomass curves tend 
to overlap; and in low level disturbance systems, biomass curve is above 
abundance curve.

The W index is the numerical summarization of the ABC, measuring 
differences in the overlap of the curves, assuming the values: +1, indicating 
undisturbed systems; -1, indicating disturbed systems; and 0, indicating 
moderately disturbed systems. The values were generated in combination 
with the ABC for classification of the reservoirs (Marques et al. 2009).

The index is given by Eq. 1:

( ) ( )W Bi Ai / 50 S 1= Σ − −    (Eq. 1)

where Bi is the biomass of species i, Ai the abundance of species i and S the 
number of species (Warwick & Clarke, 1994).

Permutational multivariate analysis of variance (PERMANOVA) was 
used to assess the differences between the environmental parameters biomass 
and abundance, where p ≤ 0.05 was considered statistically significant 
(Anderson et al. 2008). The factors established were: reservoirs (two levels: 
Epitácio Pessoa and Argemiro de Figueiredo) and seasonal periods (two 
levels: higher and lower water volumes). Euclidean distance was used as 
the dissimilarity measure for environmental parameters. The Bray Curtis 
similarity matrix was calculated and used to generate a two-dimensional plot 
using the non-metric multidimensional scaling (NMDS) analysis (Clarke 
& Warwick 2001, Clarke & Gorley 2006). The biological data (species 
abundance and biomass) were square-root transformed and environmental 
data log(x+1) transformed. The software used was PERMANOVA + for 
PRIMER, 2006 (Systat Software, Cranes Software International Ltd. 2008).
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The influence of exotic species on taxonomic richness and Shannon-Wiener 
diversity was assessed using simple regression (Spearman rank correlation), 
with the aim of better understanding the pattern of the curves due to the 
high abundance of exotic species observed. Statistic 7.0 software was used 
to determine correlations.

Results
The waters in the Argemiro de Figueiredo Reservoir was slightly more 

alkaline in the two seasonal periods when compared to the waters of the Epitácio 
Pessoa Reservoir (Table 1). Epitácio Pessoa showed higher concentrations 
of total phosphorus (1043 µgL-1) in the period of higher water volume and 
of organic nitrogen (53.42 µgL-1) in the period of lower water volume 
(Table 1). The physical and chemical variables were significantly different 
between Argemiro de Figueiredo and Epitácio Pessoa (PERMANOVA: 
Pseudo-F1.79 =52.481; p=0.001) and between the periods of higher and 
lower water volume (PERMANOVA: Pseudo-F1.79 =47.601; p=0.001).

The metrics established from the protocol of physical habitat 
characterization, related to human disturbance, showed that Argemiro de 
Figueiredo included 60% of the sites classified as having good environmental 
quality, with metrics varying from 0 to 0.30 (Figure 2). In 30% of sampling 
sites, the disturbance metrics varied from 0.31 to 0.6, demonstrating moderate 
disturbance levels and 10% with metrics from 0.61 to 0.80, classified as 
impacted (Figure 2). The more elevated disturbance metrics were related 
to construction, trash presence and pasture. For Epitácio Pessoa, 30% of 
the sites had metrics of anthropic disturbance of 0 to 0.30, classifying 
them as having good environmental quality, 60% of the metrics varied 
from 0.31 to 0.60, classifying those sites as moderately disturbed, and 10% 
varied from 0.61 to 0.90 classifying those sites as impacted (Figure 2). 
The sites with the most elevated metrics were associated with pastures, 
transmission lines, construction, trade, and trash, which reflects use and 
occupation around the reservoir.

At Argemiro de Figueiredo reservoir there was overlap in the ABC during 
the lower (Figure 3A) and higher water volume (Figure 3B) classifying it 
as moderately disturbed. This result was supported by the W index during 
the lower (Figure 3A) and higher (Figure 3B) water volume (W=0.009 and 
0.024, respectively), classifying also the reservoir as moderately perturbed 
for both periods. In Epitácio Pessoa, the biomass curve was above of the 
abundance curve during the lower water volume (Figure 4A). In the period 
of higher water volume, the ABC classified the reservoir as moderately 
disturbed through the overlapping of the ABC (Figure 4B). The W index 
classified the Epitácio Pessoa reservoir as moderately disturbed in the 

period of lower water volume (W=0.207) and also in the period of higher 
water volume (W=0.046).

The macroinvertebrates community were represented by 17.573 individuals 
distributed in 14 taxa (3 Mollusca, 2 Annelida, 6 Diptera, 2 Odonata and 
1 Crustacea) (Table 2). Argemiro de Figueiredo was more representative 
in terms of abundance (14.536 individuals) compared to Epitácio Pessoa 
(3.037 individuals) (Figure 5A). In terms of the biomass of organisms, 
Argemiro de Figueiredo showed 112.6 mg/m2 and Epitácio Pessoa 
49.67 mg/m2 (Table 2; Figure 5B).

In the period of lower water volume, Argemiro Figueiredo had high 
abundance of the exotic species Melanoides tuberculatus (MÜLLER, 
1774) (96%), followed by Goeldichironomus (0.56%) and Oligochaeta 
(0.31%) (Figure 6A). In terms of biomass, the most common benthic 
macroinvertebrates were M. tuberculatus (93%), Planorbidae (4%) and 
Oligochaeta (1.9%) (Figure 6C). In the period of higher water volume in 
Argemiro de Figueiredo, M. tuberculatus represented the community with 
proportions of 98% of total abundance, followed by Hirudinea (0.9%) and 
Fissimentum (0.6%) (Figure 6A). The biomass of the benthic macrofauna 
was represented by larger proportions of M. tuberculatus (90%), followed 
by Parachironomus (4%) and Fissimentum (1%) (Figure 6C).

Figure 2. Dispersion of the metrics - characterization protocol of physical habitat 
for inundation zone in the Argemiro de Figueiredo and Epitácio Pessoa reservoirs. 
The gray symbols represent the Argemiro de Figueiredo reservoir and black symbols 
represents the Epitácio Pessoa reservoir.

Table 1. Mean and standard deviation of the physical and chemical variables in the Argemiro de Figueiredo and Epitácio Pessoa reservoirs, between periods of lower 
and higher water volume, sampled in the years 2011/2012. The (*) indicates the variables that show differences between the reservoirs.

Reservoir Argemiro de Figueiredo Epitácio Pessoa
Estation Lower volume Higher volume Lower volume Higher volume

Water temperature (°C) 28.84 ± 0.86 29.07 ± 0.61 26.52 ± 0.80 28.09 ± 2.55
pH 9.31 ± 0.25 7.97 ± 0.26 9.21 ± 0.66 7.98 ± 0.57
Orthophosphate (mV) 127.15 ± 8.84 202.55 ± 12.68 108.25 ± 23.74 199.90 ± 23.15
Electrical Conductivity (μS/cm-1) 1.23 ± 0.00 1.11 ± 0.00 0.86 ± 0.02 0.76 ± 0.04
Turbidity (NTU) 60.86 ± 26.87 96.17 ± 84.23 40.49 ± 74.83 123.19 ± 181.48
Dissolved Oxygen (mg/L-1) 8.68 ± 1.35 9.83 ± 0.68 8.41 ± 1.29 7.94 ± 1.84
Total Dissolved Solids (mg/L-1) 0.79 ± 0.00 0.71 ± 0.00 0.55 ± 0.01 0.49 ± 0.02
Salinity (%) 0.06 ± 0.00 0.05 ± 0.00 0.04 ± 0.00 0.04 ± 0.00
*Alkalinity (mg) 23.50 ± 2.41 22.25 ± 1.33 16.35 ± 1.92 15.35 ± 4.94
* Total Phosphorus (µg/L-1) 543.70 ± 105.70 366 ± 62.39 448.52 ± 89.73 1043 ± 187
Phosphates (µg/L-1) 184.62 ± 8.14 38.50 ± 19.92 196.24 ± 241.95 53.75 ± 79.81
* Organic Nitrogen (µg/L-1) 43.31 ± 342.43 30.97 ± 467.23 66.73 ± 267.41 53.42 ± 161.69
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Figure 3. Trends in abundance (black symbols) and biomass (gray symbols) curves 
in the Argemiro de Figueiredo Reservoir in the periods of lower (A) and higher 
water volume (B).

Figure 4. Trends in abundance (black symbols) and biomass (gray symbols) 
curves in the Epitácio Pessoa Reservoir in the periods of lower (A) and higher 
water volume (B).

Table 2. Mean and standard deviation for the abundance (total number of individuals), biomass (mg-2), richness (number of species) and Shannon-Winner diversity 
of benthic community of the Argemiro de Figueiredo and Epitácio Pessoa reservoirs during periods of lower and higher water volume. The (*) indicates no occurrence.

Argemiro de Figueiredo Epitácio Pessoa
Lower volume Higher volume Lower volume Higher volume

Abundance Biomass Abundance Biomass Abundance Biomass Abundance Biomass
MOLLUSCA

Melanoide tuberculatus, Müller, 1774 506 ± 604.03 1.11 ± 60.53 195 ±160.99 4.52 ± 3.96 35 ± 31.45 8.62 ± 994.57 107 ± 105.10 4.90 ± 2.29
Corbicula largilierti, Philippi, 1844 * * * * 1 ± 0.99 481,55 ± 491.46 * *

Planorbidae 2 ± 4.12 708.60 ± 99.70 * * * * 1 ± 0.78 *

ANÉLIDA
Oligochaeta 16 ± 50.69 0.18 ± 0.01 1 ± 0.22 * 4 ± 8.82 0.01 ± 0.04 4 ± 15.60 0.01 ± 0.06
Hirudínea * * 2 ± 7.13 * * * 1 ± 0.22 2.07 ± 2.23

DIPTERA ‘
Ceratopogonidae * * 1 ± 1.43 0.09 ± 0.02 1 ± 0.67 3.30 ± 0.22 * *

Goeldichironomus, Fittkau, 1965 3 ± 11.85 0.10 ± 0.45 * * * * 1 ± 0.30 0.08 ± 0.26
Fissimentum, Cranston; Nolte, 1996 * * 1 ± 2.03 0.32 ± 0.06 1 ± 0.22 4.10 ± 0.07 1 ± 1.34 3.53 ± 1.11
Parachironomus, Lenz, 1921 * * 1 ± 0.22 1.90 ± 0.09 * * 1 ± 0.30 1.5 ± 6.70
Aedokritus, Roback, 1958 * * * * 1 ± 0.31 1.40 ± 0.12 * *

Coelotanypus, Kieffer, 1913 * * * * 1 ± 0.22 8.90 ± 0.10 * *

ODONATA
Libellulidae * * * * 1 ± 0.22 0.20 ± 0.09 1 ± 0.22 0.19 ± 0.02
Corixidae * * 1 ± 0.67 0.10 ± 0.03 * * * *

CRUSTACEA
Decápode * * * * 2 ± 5.23 0.19 ± 0.63 * *

Abundance (number of individuals) 10541 * 3995 * 814 * 2223 *

Richness (number of species) 4 * 8 * 9 * 8 *

Diversity of Shannon 0.09 * 0.11 * 0.31 * 0.11 *

Abundance in Epitácio Pessoa in the period of lower water volume 
was represented by the exotic gastropod M. tuberculatus with proportions 
of 84% for the benthic community, followed by Oligochaeta (9.1%) and 
Decapoda (4.67%) (Figure 6B). The biomass of the benthic macrofauna 

was represented in larger proportions by the two exotic species Corbicula 
largillierti (Philippi, 1844) (67%) and M. tuberculatus (35%), followed by 
Coelotanypus (Diptera) (1.5%) (Figure 6D). In the higher water volume 
period of Epitácio Pessoa, the abundance and biomass of the community 
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Figure 5. Non-metric multidimensional scaling (NMDS) analysis showing the spatial distribution of abundance (A) and biomass (B) of the benthic macroinvertebrates 
community. The gray symbols represent the Argemiro de Figueiredo reservoir and black symbols represents the Epitácio Pessoa reservoir.

Figure 6. Non-metric multidimensional scaling (NMDS) analysis showing the spatial distribution in the periods at lower (black symbols) and higher water volume (gray 
symbols), for abundance (A and B) and biomass (C and D) of the benthic macroinvertebrates community of the Argemiro de Figueiredo (A and C) and Epitácio Pessoa 
(B and D) reservoirs, in the Paraíba River, Paraíba, Brazil.
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were represented in equal proportions by M. tuberculatus, (95%), followed 
by Oligochaeta (3%), and Planorbidae mollusks (0.27%) for abundance 
(Figure 6B), and in terms of biomass, Hirudinea (2%) and Fissimentum 
(1%) (Figure 6D).

The taxonomic richness of the macroinvertebrates in the Epitácio 
Pessoa reservoir was more representative in the period of lower volume 
in the reservoir (9 taxa), followed by the period of higher hydric volume 
(8 taxa). The opposite occurred in the Argemiro de Figueiredo reservoir, 
where richness was more elevated in the period of higher water volume in 
the reservoir (8 taxa) when compared to the period of lower water volume 
(4 taxa) (Table 2). The correlation suggests that as M. tuberculatus abundance 
increases, taxonomic richness decreases (r2 = 0.97; p=0.016) (Figure 7A); 
however, a significant correlation with C. largillierti (r2 = 0.99; p=0.0041) 
was observed.

The Shannon-Wiener diversity was greater in Epitácio Pessoa, with 
values of 0.31 at lower water volume and 0.11 bits at higher water volume 
(Table 2). The index represented the diversity in Argemiro de Figueiredo, 
with values of 0.11 at higher water volume and 0.09 at lower water volume 
(Table 2). Significant differences occurred between the reservoirs in 
diversity (PERMANOVA: Pseudo-F3.1=1.2777; p=0.654) and richness 
(PERMANOVA: Pseudo-F3.1=1.2912; =0.659). Linear regression did not 
show a significant correlation between Shannon-Wiener diversity and 
abundance of M. tuberculatus (r2 = 0.40; p>0.05), but rather a correlation 
between Shannon-Wiener diversity and C. largillierti (r2 = 0.99; p<0.004) 
(Figure 7B).

Discussion
Our results suggest that the ABC method shows variation opposite 

to the theory proposed by Warwick (1986) for semi-arid reservoirs. 
According to the theory, impacted environments there are species with 
high numbers of individuals and with small body size, which results in the 
positioning of the abundance curve above the biomass curve. Our results 
showed the opposite. In this study, the biomass curve over the abundance 
curve classified the Epitácio Pessoa Reservoir in the lower water volume 
period of the reservoir as being impacted. The inverse ABC classification 
was associated with the presence of the exotic species C. largillerti, 
abundant in terms of biomass. This classification was confirmed by the 
W index, which was also high when compared to the index values that 

classified the Argemiro de Figueiredo Reservoir as moderately disturbed. 
The increase in W index when impact levels increase was also identified 
by Reizopoulou et al. (1996).

Environments with greater organic enrichment provide a larger biomass 
of exotic species, as observed by other authors (Callisto et al. 2005, 
Velho et al. 2005, Elkarmi & Ismail 2007, Peso et al. 2011, Molozzi et al. 
2013), which is often determined by anthropic actions (Borja et al. 2009, 
Tafangenyasha & Dube 2008). This is associated with an increase in 
productivity in those ecosystems, which makes the rise in metabolic rates 
and lifespan possible, allowing the dominance of some opportunist species.

Both reservoirs harbored the exotic species M. tuberculatus, which 
might have influenced the proximity between abundance and biomass 
curves, in both seasonal periods for the Argemiro de Figueiredo Reservoir, 
and in the higher water volume period for the Epitácio Pessoa Reservoir. 
M. tuberculatus is an exotic species that, in a disturbed environment, 
shows a larger size in relation to other species of the benthic community 
(Molozzi et al. 2013). The proximity between the curves is explained by 
other authors as the elimination of specialist species, allowing the existence 
of “r” strategist species, abundant in terms of number of individuals, 
increasing the tendency of the abundance curve, and consequently, causing 
the curves to be closer (Clarke 1990, Carvalho et al. 2013, Magurran 2013).

The ecological indicators, based on the richness and diversity of the 
community of benthic macroinvertebrates in the reservoirs studied displayed 
a response at odds with the ABC. Opportunist and exotic species cause 
changes in the structure of macrobenthic communities because of their 
high capacity for invasion and competition (Harkantra & Rodrigues 2014). 
We believe that in cases where the two exotic species M. tuberculatus and 
C. largilliert both occurred, there was competition between them, which 
caused a decrease in the occurrence of M. tuberculatus and increase in the 
diversity of the benthic community.

Santos and Eskinazi-Sant’Anna (2010) investigated the introduction of 
M. tuberculatus in reservoirs in the semi-arid region and found that exotic 
species caused a decline in native species, decreasing their abundance, 
whereas opportunist species benefited and often became dominant in terms 
of biomass, leading to alterations in biological communities, which, in 
general, put the biodiversity and ecological balance of water ecosystems 
at risk. This could be seen in the reservoirs studied, where the exotic 
gastropod M. tuberculatus, considered an exotic “r” species, with high 
ecological and tolerant plasticity to different pollution gradients (Abílio et al. 

Figure 7. 7A Correlation between abundance of Melanoides tuberculatus and taxonomic richness in the Argemiro Figueiredo and Epitácio Pessoa reservoirs. 7B 
Correlation between abundance of Corbicula largillierti and Shannon-Wiener diversity in the Argemiro Figueiredo and Epitácio Pessoa reservoirs. Spearman coefficient 
is shown in each graph.
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2007, Molozzi et al. 2012, Azevêdo et al. 2014), negatively affected the 
abundance, richness, and diversity of native species, as indicated by the 
low representativeness of those species in the study.

When the environmental indicators for Argemiro de Figueiredo were 
analyzed, the metrics of physical habitat characterization were discordant 
in most periods, classifying the reservoir as having good environmental 
quality. This discordance in classification is due to the morphological 
characteristics of the reservoir, with a great declivity of its margins, a fact 
that hinders anthropogenic influences. For Epitácio Pessoa, the disturbance 
metrics confirmed the curve plotted for the higher water volume, where 
the sites with the higher metrics were associated with the presence of 
pastures, transmission lines, construction, trade, and trash, reflecting use 
and occupation around that reservoir.

Our results showed that abundance and biomass curves have the 
potential to be used as assessment tools for ecological quality in reservoirs in 
semi-arid regions, showing major relationships with physical and chemical 
variables, but with information discordant with ecological indicators and 
disturbance metrics. The ABC method has been applied in temperate and 
tropical regions (Beukema 1988, Clarke 1990, Reizopoulou et al. 1996, 
Carvalho et al. 2013); however, as seen in this study, its use has been 
questioned (Beukema 1988, Reizopoulou et al. 1996). Despite that the 
curves use abundance and biomass data, and even though they are easy to 
interpret (Clarke 1990), it is necessary to have knowledge of the ecological 
aspects of the species that form the community, because when they are 
not considered, there may be possible errors in the interpretation of curves 
(Warwick & Clarke 1990, Reizopoulou et al. 1996). Accordingly, the 
abundant species in terms of biomass may not always indicate low impact 
areas, and abundant species based on number of individuals may indicate 
disturbance sites (Dauer et al. 1993) as occurred in our study. ABC may 
be used cautiously and combined with other indicators, for a coherent and 
accurate characterization of the quality of reservoirs.
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