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ABSTRACT

Inland water environments, such as natural and artificial lakes, are increasingly vulnerable to extreme events (heavy rains, severe drought). 
This study aims to evaluate if  this events affect the water quality of  tropical semi-arid springs. The results showed that the reservoirs 
presented significant changes in the limnological variables between the rainy season and severe drought periods. However, different 
behaviors were observed among reservoirs in the period of  severe drought, which indicate that the responses of  these environments 
to extreme events should take into account other factors such as the climate of  the region, the size and depth of  the reservoir.
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RESUMO

Ambientes de águas interiores como lagos naturais e artificiais estão cada vez mais vulneráveis as ações dos eventos extremos (chuvas 
intensas, seca severa). O estudo tem como objetivo avaliar se esses eventos afetam a qualidade da água de mananciais do semiárido 
tropical. Os resultados do estudo mostraram que os reservatórios apresentaram mudanças significativas nas variáveis limnológicas 
entre os períodos de chuva e de seca severa. Entretanto, constataram-se comportamentos distintos entre os reservatórios no período 
de seca severa indicando que as respostas destes ambientes na problemática dos eventos extremos devem levar em consideração outros 
fatores como o clima da região, tamanho e profundidade do reservatório.

Palavras-chave: Seca severa; Variáveis limnológicas; Regime hidrológico; Regiões secas.

INTRODUCTION

The climatic and hydrological factors play important roles in the input, output, water level and water residence time of  the 
reservoirs, directly affecting the limnological patterns (NASELLI-FLORES; BARONE, 2005; SOARES et al., 2012). Seasonal fluctuations 
in reservoir water levels are associated with changes in the physical, chemical and biological characteristics of  these systems and may 
result in a decrease in water quality in aquatic ecosystems during periods characterized by low rainfall and reduced water volumes 
(ARFI, 2003; NASELLI-FLORES; BARONE, 2003; ROCHA JÚNIOR et al., 2018). In addition, global or local climatic changes, 
when affect the hydrological regime, may compromise the water quality of  the water sources, especially as regards the eutrophication 
process (BRAGA; BECKER; MATTOS, 2015).

Intensive rains of  short duration lead to greater soil erosion and nutrient distribution, and therefore, an increase in phosphorus 
intake in lakes via tributaries is expected, especially in cases of  drainage basins with agricultural use and history of  fertilizers (MOOIJ; 
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DE SENERPONT DOMIS; JANSE, 2009; MOSS et al., 2011). 
On the other hand, prolonged drought events cause water levels 
to fall, concentrating nutrients there, a favorable condition for the 
excessive growth of  cyanobacteria (MOSS et al., 2011).

In recent years, extreme events (floods, prolonged droughts) 
have been experienced with greater severity and the period between 
them seems to have become shorter in certain regions (MISHRA; 
SINGH, 2010). In addition, global climate change models are 
predicting their higher frequency, which will create hydrological 
stresses in water bodies (IPCC, 2014). In the northeastern semi-arid 
we can already see the occurrence of  these events, the drought 
of  the years 2012, 2013 and 2014 was the worst drought of  the 
last 60 years, according to the National Water Agency (ANA).

The semi-arid regions are characterized by annual 
precipitation between 400 and 800 millimeters with a rainy season 
that normally occurs between January and July, but presenting 
spatial and temporal amplitude variation (BARBOSA  et  al., 
2012). The long dry annual period, characterized by absence and 
scarcity as well as by the high spatial and temporal variability of  
rains, raises the local temperature, characterizing seasonal aridity 
(VIEIRA, 2002). Even for this region, high temperatures and 
low precipitation can result in an increase in eutrophication and 
salinization of  surface waters and, as a consequence, an increase in 
the occurrence of  cyanobacteria blooms, which is already usually 
reported (HUSZAR et al., 2000; MEDEIROS et al, 2015; COSTA; 

ATTAYDE; BECKER, 2016). These regions, with such peculiar 
characteristics, need to demand for the management of  their water 
resources, as they can be affected by hydrological events can be 
carried out by socioeconomic problems due to insufficient water 
available are unfit for any uses in the hydrographic basin (BRAGA; 
BECKER; MATTOS, 2015).

Therefore, the present study aims to evaluate if  extreme 
hydrological events (intense rainfall and prolonged drought) affect 
the water quality of  tropical semi-arid springs.

MATERIALS AND METHODS

Study area

The objects of  this study are the reservoirs Gargalheiras 
(06° 25’30 “S/36° 36’09” W) and Cruzeta (06°24’42 “S/36°47’23”W), 
both part of  the river basin Piranhas-Açu and are located in the 
northeastern semi-arid region of  Brazil (Figure 1). Its waters are 
used for human supply, irrigation, animal watering and recreation, 
and riparian zones for agriculture and domestic activities.

Gargalheiras was built in 1959, through the Acauã river 
bus, has an area of  ​​805.67 ha, maximum accumulation capacity 
of  44.4 million m3 and maximum depth of  26.5 meters. Cruzeta 
is a smaller system and was built in 1929 through the São José 

Figure 1. Geographical location of  Cruzeta reservoir and Gargalheiras reservoir, showing the sample station (P1).
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stream. It has an area of  ​​616,11ha, a maximum accumulation 
capacity of  23,5 million m3 and a maximum depth of  15 meters.

Sampling

Samples were collected monthly in the Gargalheiras and 
Cruzeta reservoirs from July 2010 to May 2014. The samples 
were always collected at the sampling point near to the dam, the 
deepest point of  the reservoir and where water is collected for 
water supply.

The vertical profiles of  temperature and dissolved oxygen 
were measured through the HIDROLAB DS5 multi-probe at 
1-meter intervals from the surface to the bottom of  the reservoir. 
The transparency of  the water was measured with the help of  
the Secchi disk.

Integrated samples of  the epilimnium were also collected 
with Van Dorn bottle, according to the oxygen profile, provided 
by the multiparametric probe. The subsamples were conditioned 
in polyethylene bottles, previously washed with 10% HCL and 
deionized water, and packed in iceboxes during transport to the 
laboratory.

Sample analysis

Electric conductivity were measured by specific portable 
equipment (AP2000). Total and inorganic suspended solids (ISS) 
were determined by gravimetry after drying the filters overnight 
at 100 ºC and the ignition of  filters at 500 °C for 3 h (APHA, 
2012). The organic suspended solids (OSS) were measured by the 
difference between total suspended solids and inorganic suspended 
solids (APHA, 2012).

Soluble reactive phosphorus (SRP) and nitrate (NO3-) was 
measured spectrophotometrically on water filtered on 0.45-μm 
glass-fiber filters (MURPHY; RILEY, 1962). Total phosphorus 
(TP) was analyzed by the ascorbic acid method after oxidation with 
potassium persulfate (VALDERRAMA, 1981). Chlorophyll-a was 
extracted with ethanol 95% and measured by spectrophotometry 
(JESPERSEN; CHRISTOFFERSEN, 1987).

Data analysis

The data on the monthly rainfall and the time series of  
the region were provided by the Agricultural Research Company 
of  the state of  Rio Grande do Norte (EMPARN). Based on 
this information and the Standardized Precipitation Index (SPI) 
(MCKEE; DOESKEN; KLEIST, 1993), provided by the National 
Institute of  Meteorology (INMET), the months were divided into 
two periods: period I as being of  heavy rainfall and period II as 
being of  severe drought. This index is based on the probability 
of  precipitation for different time scales and evaluates the severity 
of  the drought.

The volumes stored and their variations in the reservoirs 
throughout the study period were provided by the State Secretariat 
for the Environment and Water Resources of  Rio Grande do 
Norte (SEMARH).

Statistical statistical analyzes and linear regression were 
performed with the aid of  the Statistica program a to assess which 
limnological variables varied significantly with volume. The principal 
component analysis (PCA) was performed for each reservoir, 
with data on volume, water transparency, electrical conductivity, 
organic and inorganic solids, reactive soluble phosphorus, nitrate, 
total phosphorus and chlorophyll a using PC program -ORD v.6 
(MCCUNE; MEFFORD, 2011) in order to verify the temporal 
gradients of  limnological variables during the periods studied.

RESULTS

Meteorological and hydrological scenario

The study period was subdivided according to SPI12 by 
INMET, where the months were classified as: extremely humid, 
severely humid, moderately humid, normal, moderately dry, 
severely dry and extremely dry. According to this index two periods 
were identified: (I) rainy season - months classified as moderately 
humid and normal - characterized by rains above average in the 
rainy months and normal dry months, but under the influence of  
high precipitations of  the previous rainy months; (II) period of  
severe drought - months classified as moderately dry, severely dry, 
extremely dry and normal - with rains well below the historical 
average in the rainy months and normal dry months (Figure 2).

The volumes stored in the Gargalheiras and Cruzeta 
reservoirs varied during the analyzed period, with volumes around 
60% of  their accumulation capacity at the beginning of  the study. 
With rains above the historical average in the first months of  2011 
the springs reached 100% of  capacity and overflowed. From this 
period, with prolonged drought, there was a progressive decrease 
in storage (Figure 3).

Limnological scenario

The temperature and dissolved oxygen profiles of  the 
reservoirs showed a tendency to mix in the rainy period and 
the thermal and chemical stratification in the period of  severe 
drought, highlighting anoxic hypolimnium in this period for 
Gargalheiras. In this reservoir, the variables maximum depth and 
water transparency obtained higher average values ​​in the rainy 
season, while the variables electrical conductivity, pH, inorganic 
solids, organic solids, total phosphorus, nitrate, reactive soluble 
phosphorus and chlorophyll had higher mean values in the period of  
severe drought. The Cruzeta reservoir presented a distinct behavior, 
since in addition to the maximum depth and the transparency of  
the water, the organic and chlorophyll a variables also presented 
higher average values ​​during the rainy season. In the period of  
severe drought, the variables electrical conductivity, pH, inorganic 
solids, total phosphorus, nitrate and reactive soluble phosphorus 
had their relative mean values (Table 1).

The results of  the linear regression analysis for the 
Gargalheiras reservoir showed that there was a negative relation 
of  volume with TP (P <0.001), Chla (P <0.001) and C (P <0.001) 
and positive with water transparency = 0.001). The volume 
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Figure 2. Monthly rainfall accumulated between June 2010 and May 2014, and the rainfall historical average for the period between 
1963 and 2013 for the region (Source: EMPARN, 2014). SPI12: months extremely humid, severely humid, moderately humid, normal, 
moderately dry, severely dry and extremely dry (Source: INMET, 2014). (A) Gargalheiras; (B) Cruzeta.

Figure 3. Variation of  the volume stored (%) of  the Gargalheiras reservoir and Cruzeta reservoir during the period June 2010 and 
May 2014. (Source: SEMARH, 2014). (A) Gargalheiras; (B) Cruzeta.
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explained 64% of  the TP variation (R2 = 0.64) and 70% of  the 
C variation (R2 = 0.70).

For the Cruzeta reservoir, the linear regression analyzes 
showed a negative relation with TP (P <0.001), SRP (P <0.001), 
C (P <0.001) and NO3- (P <0.001). The fact that the volume 
explains 41% of  the variation of  the SRP in the reservoir stands out.

Principal component analysis (PCA) also showed distinct 
behaviors, with sample units segregated between rainy and severe 
dry periods (Figures 4 and 5).

The PCA of  Gargalheiras, with eight limnological variables 
and water volume, explained 73.9% of  the data (axis 1: 38.9%, 
axis 2: 35.0%). In relation to axis 1 only the reactive soluble 
phosphorus was correlated (0.99). The most important variables 
were: volume (-0.79), Secchi (-0.87), electrical conductivity (0.82), 
organic suspended solids (0.87), total phosphorus (0.73), nitrate 
(0.47) and chlorophyll a (0.86). Axis 2 (P = 0.001) presented a 
temporal trend according to the extreme hydrological events, 
where on the positive side of  the axis were the sample units of  
the severe drought period and on the negative side of  the axis 
the sample units of  the rainy season.

In Cruzeta, the principal component analysis (PCA) using 
eight limnological variables and water volume explained 73.5% of  
the data (axis 1: 54.5%, axis 2: 19.0%). The most important variables 
in the ordering of  axis 1 were: volume (0.81), inorganic suspended 

Table 1. Descriptive statistics (minimum, maximum, average and standard deviation) of  the limnological variables studied at the 
Gargalheiras reservoir and Cruzeta reservoir sample station (P1) during periods identified by rainy season and dry season (periods I and II).

Variables GARGALHEIRAS CRUZETA
Period I Period II Period I Period II

Zmax (m) 14.3-20.2  
(17.9 ± 1.9)

7.0-19.5
(14.0 ± 3.0)

4.5-8.7  
(6.7 ± 1.2)

0.3-5.7  
(3.4 ± 1.4)

Secchi (m) 0.35-2.10
(0.76 ± 0.41)

0.15-0.50
(0.28 ± 0.09)

0.20-1.00  
(0.62 ± 0.21)

0.05-0.80  
(0.47 ± 0.18)

T (°C) 23.8-31.0
(27.4 ± 1.9)

24.6-33.7
(28.6 ± 2.3)

24.5-33.9
(28.1 ± 2.5)

24.9-33.4
(29.0 ± 2.4)

OD (mg L-1) 6.79-16.87
(10.87 ± 2.97)

4.10-21.65
(11.17 ± 4.05)

4.17-17.52
(10.16 ± 3.64)

1.40-14.92
(7.33 ± 2.68)

C (µS cm-1) 340.0-927.0
(697.7 ± 150.4)

867.0-2070.0
(1190.0 ± 301.2)

289.0-1225.0  
(683.5 ± 280.9)

210.0-1713.0 
(966.1 ± 429.5)

pH 7.7-10.6
(8.8 ± 0.6)

6.7-10.3
(9.2 ± 0.7)

6.7-10.0  
(8.3 ± 0.8)

7.7-10.3  
(8.4 ± 0.6)

ISS (mg L-1) 0.0-18.8
(3.2 ± 3.9)

0.0-13.5
(4.9 ± 4.0)

0.0-11.7  
(4.6 ± 3.6)

0.4-29.5  
(11.1 ± 8.1)

OSS (mg L-1) 0.9-36.5
(11.9 ± 9.6)

6.0-43.6
(24.0 ± 9.6)

4.4-37.4  
(12.9 ± 9.8)

0.9-14.0  
(6.9 ± 3.8)

TP (µg L-1) 21.67-147.83
(99.42 ± 30.16)

55.20-342.00
(212.17 ± 91.00)

37.23-194.15  
(88.80 ± 52.29)

21.20-517.00  
(160.14 ± 133.02)

NO3
- (µg L-1) 42.00-104.46

(78.12 ± 17.73)
46.50- 309.50

(133.42 ± 58.37)
24.50-132.59  

(87.31 ± 29.98)
42.50- 287.50  

(136.59 ± 62.38)
SRP (µg L-1) 0.00-104.33

(23.45 ± 28.40)
2.57- 138.83

(27.63 ± 39.63)
0.00-67.42  

(14.48 ± 17.49)
4.50- 269.50  

(94.28 ± 69.84)
Chla (µg L-1) 5.82-162.11

(72.17 ± 48.17)
41.25- 348.68

(186.78 ± 70.54)
5.86-162.73  

(49.59 ± 41.05)
2.40- 167.87  

(24.14 ± 34.35)

Figure 4. Principal component analysis (PCA) of  the Gargalheiras 
reservoir during the period June 2010 and May 2014, including 
the limnological variables.
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solids (-0.57), nitrate (-0.54) and reactive soluble phosphorus (-0.94). 
In relation to axis 2, the most important variables were: Secchi 
(0.47), electrical conductivity (-0.52), total phosphorus (0.58) and 
chlorophyll a (0.85). Axis 1 (P = 0.001) showed a temporal trend 
of  the sample units according to the hydrological events, where 
on the positive side of  the axis were related sample units of  the 
rainy season, with higher volume and Secchi and on the negative 
side of  the axis were related the sample units of  the period of  
severe drought with greater electrical conductivity and higher 
concentrations of  total phosphorus, nitrate and inorganic solids.

DISCUSSION

Inland water environments such as natural and artificial 
lakes are increasingly vulnerable to extreme events (heavy rains, 
severe drought), as large variations in water levels lead to changes 
in the physical, chemical and biological characteristics of  the 
systems (JEPPESEN et al., 2015). In addition, studies indicate 
that these events will occur more frequently and more intensely 
in semi-arid regions (IPCC, 2014). In general, the supply sources 
presented better conditions in the water quality in the rainy 
season, because with rains above the historical average, both 
reservoirs reached their maximum capacity and they overflowed, 
which provided a renewal of  their waters and improvement in 
the visual aspect and in most water quality variables (BEZERRA, 
2011; FIGUEIREDO; BECKER; MATTOS, 2014). In contrast, 
the severe drought period due to the absence of  rainfall during 
the rainy season contributed to the decrease of  water quality, 
with higher concentrations of  nutrients, electrical conductivity 
and suspended solids (GOMES  et  al., 2015; MENDONÇA 
JÚNIOR et al., 2018).

It is emphasized the difference of  behavior between the 
environments studied with the occurrence of  severe drought, while 
Gargalheiras (larger and deeper reservoir) presented an accelerated 
process of  eutrophication, Cruzeta (smaller and shallower reservoir) 
evidenced the collapse of  the total phytoplankton biomass due 
to the low light. This distinct behavior of  Cruzeta is atypical 
for most reservoirs in the semi-arid, which, especially in the dry 
periods, present high concentrations of  algal biomass, indicative 
of  accelerated eutrophication with possible cyanobacterial blooms 
(ESKINAZI-SANT’ANNA et al., 2006). The high concentrations 
of  inorganic solids detected in the reservoir in the drought 
period caused high turbidity in the water column, caused by the 
resuspension of  the sediment through the action of  the winds 
and the fish, due to the low depth in the period of  severe drought, 
inhibiting the growth of  the Phytoplankton and, consequently, 
chla concentrations, as well as the change in the composition of  
functional groups (MEDEIROS et al., 2015; COSTA; ATTAYDE; 
BECKER, 2016; COSTA et al., 2018).

This behavior was also confirmed by the profiles of  
temperature and dissolved oxygen, where Gargalheiras and 
Cruzeta presented more homogeneous profiles during the rainy 
season, with the water column being mixed with heavy rains and 
thermal and chemical laminations in most months Dry, with anoxic 
hypolimnium in Gargalheiras, evidencing that during the period 
of  severe drought there were not enough precipitations to move 
the water column and to renew the water, as already reported in 
previous studies (BEZERRA, 2011; FIGUEIREDO; BECKER; 
MATTOS, 2014).

The principal component analysis (PCA) reiterates this 
distinction in response to severe drought. In Gargalheiras, the 
sample units of  the rainy season were ordered with greater 
volume and transparency of  the water and the sample units 
of  the dry period were ordered with high values ​​of  electrical 
conductivity and high concentrations of  organic solids, nitrate, total 
phosphorus and chlorophyll a, Indicating a progressive process 
of  eutrophication as a consequence of  the semi-arid conditions 
(ESKINAZI‑SANT’ANNA et al., 2007).

For Cruzeta, the sample units of  the rainy season were 
ordered with the highest volume and the units of  the dry period 
were segregated with higher values ​​of  inorganic solids, reactive 
soluble phosphorus, total phosphorus and nitrate, not being related 
to the algal biomass, evidencing the inhibition of  phytoplankton 
growth with decreasing biomass through the presence of  inorganic 
solids in the water column (JEPPESEN et al., 2015) and consequent 
increase in SRP availability in this period. This period of  water 
scarcity leads to a decrease in the water level, which, associated with 
high temperatures and high residence time of  water, intensifies the 
accumulation and concentrations of  nutrients and increases the 
values ​​of  conductivity and salinity, leading to eutrophication and 
consequent degradation of  quality of  the water (BEKLIOGLU et al., 
2007; BARBOSA et al., 2012; JEPPESEN et al., 2015). Recent 
studies confirm that most of  the semiarid reservoirs have been 
showing high concentrations of  nutrients, solids and algal biomass 
in severe drought. (GOMES et al., 2015; MEDEIROS et al., 2015; 
BRAGA; BECKER; MATTOS, 2015; COSTA; ATTAYDE; 
BECKER, 2016; ROCHA JÚNIOR et al., 2018). Therefore, factors 
such as the climate of  the region, size, depth, in addition to the 

Figure 5. Principal component analysis (PCA) of  the Cruzeta 
reservoir during the period June 2010 and May 2014, including 
the limnological variables.
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characteristics of  the basins of  the reservoir should be taken into 
consideration in the study of  reservoirs during extreme events.

CONCLUSIONS

Our results indicate that extreme events, such as intense 
rains and severe drought, directly affect the limnological variables 
indicative of  water quality in semi-arid reservoirs.

Contrary to what was expected for the semi-arid reservoirs, 
deeper springs tend to present an increasy eutrophication while 
shallower springs present collapse in the total phytoplankton 
biomass.

The different behaviors among the studied reservoirs indicate 
that the responses of  these environments to the problematic of  
extreme events should also take into account factors such as the 
climate of  the region and morphometric variables such as the size 
and depth of  the reservoir.
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