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Influence of extended drought on water quality in tropical
reservoirs in a semiarid region
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Abstract: Aim: Drought periods often occur in Brazilian semiarid region and are
supposed to induce water quality degradation by changes in physical, chemical and
biological properties of freshwater ecosystems. Reservoirs in this region are used as
drinking-water supplies and are exposed to wide volume fluctuations during drought
periods due to lack of precipitation and high evaporation rates. This study aimed to
identify patterns on water quality of two reservoirs during a long drought period. It was
expected that more arid and shallower conditions would favor algal growth by enhancing
nutrient availability, causing a decrease on water quality. Methods: The study was based
on monthly sampling over 20 months (May 2011 to December 2012) at two tropical
reservoirs on Brazilian semiarid region. Precipitation and volume data were obtained
from environmental agencies. Transparency was measured on field using a Secchi disk and
conductivity, nutrients, suspended solids and chlorophyll-z were analyzed on laboratory.
Temporal changes in all environmental variables were analyzed in each reservoir using
two-way cluster analysis and also principal component analysis (PCA). Results: The
volume of both reservoirs decreased considerably over the study because of low or shortage
of precipitation. It was possible to detect two opposite patterns of chlorophyll-z in each
reservoir throughout the drought season: in the first one phytoplankton growth was
favored, while in the second one chlorophyll-z decreased by high inorganic turbidity.
Both reservoirs tended to increase their turbidity and conductivity during the drought
period due to shallow conditions, which probably contributed to sediment resuspension.
Conclusions: Water level reduction during the extended drought period, contributed for
water quality degradation due to high algal biomass and also high turbidity found during
drought period. Local factors, as the nature of suspended solids, play an important role
on predicting water quality.
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Resumo: Objetivo: Periodos de estiagem sio frequentes no semidrido brasileiro e
parecem induzir a degradagio da qualidade da dgua, alterando as propriedades fisicas,
quimicas e bioldgicas dos ecossistemas aqudticos. Os reservatérios dessa regido estio
sujeitos a amplas flutuagoes em seus volumes devido 2 escassez de chuvas e s altas taxas
de evaporagio em periodos de estiagem. O objetivo do estudo foi identificar padroes
na qualidade da dgua de reservatérios durante um periodo de estiagem prolongada.
Espera-se que condi¢oes mais secas e rasas favorecam o crescimento algal divido a
maior disponibilidade de nutrientes, causando degradacio da qualidade da 4gua.
Métodos: Foram realizadas amostragens mensais ao longo de vinte meses (maio de
2011-dezembro de 2012) em dois reservatdrios tropicais do semidrido brasileiro. Dados
de precipitagio e volume foram obtidos por érgaos ambientais. A transparéncia foi medida
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em campo com disco de Secchi, enquanto que a condutividade, os nutrientes, os sélidos
suspensos e a clorofila foram analisados em laboratério. As mudangas temporais nas
varidveis ambientais foram analisadas em cada reservatério, utilizando uma andlise de
agrupamento fwo-way ¢ uma andlise de componentes principais (ACP). Resultados: O
volume de ambos reservatdrios reduziu consideravelmente durante o estudo devido ao
periodo prolongado de precipitagoes baixas ou ausentes. Foi possivel identificar padroes
opostos nas concentragdes de clorofila-a dos reservatérios, 2 medida que a estiagem se
prolongava: no primeiro o crescimento algal foi favorecido e, no segundo, a concentragao
de colorofila-a diminuiu devido 2 alta turbidez inorginica. Ambos reservatérios
apresentaram uma aumento em sua turbidez e condutividade durante o perfodo de
estiagem prolongada. Conclusées: A reducio do volume durante a estiagem prolongada
contribuiu para a degradagao da qualidade da dgua devido a alta biomassa algal e 4 alta
turbidez. Fatores locais, como a natureza dos sélidos em suspensio, podem desempenhar
um papel importante na determinagio da qualidade da 4gua desses mananciais.

Palavras-chave: eutrofizagio; manancial; volume; clorofila; sélidos suspensos.
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1. Introduction

The frequency and intensity of precipitation, as
well as evaporation rates can cause wide ranges in
the water level of freshwater ecosystems, especially
in reservoirs. Wide water volume ranges can affect
physic-chemical, biological and also water quality
conditions in these systems (Coops et al., 2003;
Hart, 2004; Wang et al., 2012; Stragkraba &
Tundisi, 2013).

Reservoirs in semiarid climates are exposed to
drastic variation in water volume due to the shortage
of precipitation and human demand during
drought seasons (Arfi, 2003; Bouvy et al., 2003;
Barbosa, et al. 2012). Previous studies have found
that shallower conditions in semiarid reservoirs
are associated with higher nutrient concentrations
(TP and NO3), conductivity, turbidity and algal
biomass, leading to water quality degradation
and more eutrophic conditions (Naselli-Flores,
2003; Geraldes & Boavida, 2005, 2007, Mac
Donagh et al., 2009).

Eutrophic conditions can favor algal growth
because of greater nutrients availability and volatile
solids concentration, which by consequence,
increases organic turbidity. Thus, light availability
decreases by self-shading effect of phytoplankton
(Agusti, 1991, Reynolds, 1999). On the other hand,
algal biomass, even in rich nutrient conditions,
could be decreased by high fixed suspended solids
(inorganic turbidity) leading to low light availability
(Kangetal., 2013). Light and nutrients could act as
limiting factors on algal biomass (Reynolds, 20006).

In Brazilian semiarid region, many reservoirs
are under high evaporation rates and water deficit
effects, which cause significant volume reduction
during drought periods (Barbosa et al., 2012).
These aquatic ecosystems tend to be more stable,

mixed, warm and eutrophic during low water level
phase, thus favoring phytoplankton growth, as
reported by Bouvy et al. (2003) and Huszar et al.
(2000). Especially during extended droughts, those
conditions are intensified, and toxic cyanobacterial
blooms become frequent (Bouvy et al., 1999, 2000,
Dantas et al., 2011).

According to that scenario, water quality tends
to decrease as long as the drought season extends,
causing serious impacts on regional water supplies
(Huszar etal., 2000; Costa et al., 2006). Many cities
and agricultural activities depend on the amount
and quality of the water from these reservoirs, that
is why water monitoring and management should
be more constant in this region.

This study attempts to identify patterns in some
water quality variables (i.e., nutrient concentration,
turbidity, and Chl-4) in response to large volume
reductions during an extended drought. For
this, water quality and local climate trends were
compared between two reservoirs before and over
an extended drought. We hypothesized that low
water level periods are associated with water quality
degradation, resulting in increased chlorophyll-2
concentrations.

2. Material and Methods

The study was developed in two reservoirs
located in the Piranhas-Acu watershed in the
semiarid region of Rio Grande do Norte state
(northeast, Brazil). The climate is classified as BSh
or warm semiarid climate (Peel et al., 2007), with
an average rainfall of 550 mm.year™, characterized
by a rainy season between the months from
February to June, and other months marked by
great precipitation shortage.
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Dourado reservoir is located in Currais Novos
district (Figure 1) and has a maximum volume
of 10,321.600 m? a maximum depth of 10 m,
3.16 km? of surface area. The other reservoir is
Cruzeta, located in the Cruzeta city (Figure 1),
has a maximum volume about 23,545.745 m?,
maximum depth of 12 m, 8.44 km? of surface area
and a residence time of 119 days (Bezerra et al.,
2014). Both reservoirs have multiple uses as
fishery, irrigated agriculture, recreation, but the
most important is water supply (water demands
for population).

Monthly precipitation data of this period were
obtained from Empresa de Pesquisa Agropecudria
do Rio Grande do Norte - EMPARN by two
meteorological stations in each city to evaluate
precipitation patterns. Historical average rainfall
values since 1963 (49 years) were also estimated
to compare current values. Reservoirs volume
values were monthly obtained from the local
water management agency (SEMARH) and then
converted to percentage values.

Water samples were monthly taken from May
2011 to December 2012 in a sampling station near
to the dam, in the deepest part of the reservoir.
The vertical profiles of temperature, pH, dissolved
oxygen and conductivity were measured in situ
by multi-sensor probe (Hydrolab DS5) at 1 m
intervals each from the surface to the bottom.
Water transparency was estimated by the Secchi disk
extinction depth. Water samples were collected with
aVan Dorn bottle at different depths in epiliminion
and integrated in a single sample, in which some
subsamples were taken for total phosphorus,
phosphate, nitrate and Chl-z analyses.

In the laboratory, samples were filtered on
glass fiber membranes. Soluble nutrient analyses
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were made using the filtrate and then measured
in spectrophotometer. For the soluble reactive
phosphorus (SRP) the methodology used was that
proposed by Murphy & Riley (1962) and Miiller &
Wiedemann (1955) for the nitrate. One of the two
membranes was used for the chlorophyll-z analysis
according to Jespersen & Christoffersen (1988)
while the other membrane was used in fixed and
volatile suspended solids (FSS and VSS) analysis as
proposed by APHA (2005).

The correlation between environmental variables
was checked using simple correlation matrix.
Significant differences in FSS and VSS values
between the first 10 months and the last 10 months
of study were checked using ANOVA one-way
for each variable separately using STATISTICA®
software v.7.

To verify if there were seasonal differences in
the data of each reservoir during the study period,
two two-way cluster analyses were used. A principal
component analysis was also used for each reservoir
to show how environmental variables varied during
the study period. Both statistical analyses were
performed using PC-ORD® v.6 software (McCune
& Meftord, 2011).

3. Results

According to precipitation data, 2011 was
considered a rainy year with intensive rain in the first
months, throughout May, June and July, followed
by the usual shortage of precipitation in the rest of
the year (Figure 2). In contrast, 2012 was an atypical
drought year with deficit of precipitation during
the rainy season (see precipitation values below the
historical average among February 2012 to May
2012 in Figure 2). During the dry season in 2012
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Figure 1. Location of Dourado and Cruzeta reservoirs in Rio Grande do Norte State, Brazil.
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(June 2012 to December 2012), the frequency and
intensity of precipitation remained low as usual.

Maximum, minimum and mean values of
limnology variables on each reservoir are presented
(Table 1). The data accounts for more eutrophic
conditions for Dourado reservoir (Table 1).

The initial volume of both reservoirs reduced
dramatically over the study period (Figure 3 and
Table 1). In the first three months, volume remained
quite constant because of the rainy period and then
started to decrease. Dourado and Cruzeta reservoirs
remained with almost 20% of their initial volume
in the end of the study period (Figure 3).

In Dourado, Chl-z started with low
concentration values (May 2011 to January 2012)
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Figure 2. Precipitation in Dourado (A) and Cruzeta (B)
reservoirs. The study began in the end of the rainy season
when precipitation values were higher than or close to
the historical average values (May-July 2011).
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and then increased from February 2012 reaching
the maximum value 0f 235.04 pg.L™" in September
2012 (Figure 3A). A different pattern was found in
Cruzeta reservoir, which showed lower chlorophyll-2
values ranging from 3.64 pg.L™! (September 2012)
to 73.3 pg.L™! (February 2012) (Figure 3B).
Transparency in Dourado was higher during
2011 and it tended to decrease as the drought
extended in 2012 (Figure 4). Volatile suspended
solids values were significantly lower during the first
half of the study comparing to those found in the
second part (p = 0.01). The same trend was found
for fixed suspended solids (FSS), which showed
a significant increasing between the first and the
second half of the study (p = 0.003). In Cruzeta,

A. Dourado reservoir

—= Clorophyll-a (ug.L-1)

—— Volume (%)

r 100%

F 80%

60%

F 40%

F20%

T 0%

B. Cruzeta reservoir

—= Chlorophyll-a (ug . L-1 ) —— Volume (%)
r 100%

80%
b 60%
F40%
20%

0%

Figure 3. A. Chlorophyll-2 and volume variations in
Dourado reservoir B. Chlorophyll-z and volume varia-
tions in Cruzeta reservoir. Volume variation percentage
was calculated monthly considering the initial volume
as 100%.

Table 1. Minimum, maximum and mean values of variables on each reservoir.

Variables Dourado Cruzeta

Min. Max. Mean Min. Max. Mean
Volume (%) 10% 100% 55% 21% 100% 62%
Secchi Transparency (m) 0.2 1.5 0.7 0.4 0.9 0.7
Conductivity (uS.cm™) 635.0 1786.0 1060.2 289.0 1070.0 684.8
Chl-a (ng.L™") 6.1 235.0 73.4 3.6 73.3 28.8
Nitrate (pg.L™") 545 234.0 116.4 245 212.0 95.6
SRP (ug.L") 0.5 131.0 242 0.0 64.0 15.4
FSS 0.0 8.8 3.7 0.0 15.2 5.8
VSS 0.0 40.8 124 1.2 124 6.9
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Figure 4. Secchi transparency in Dourado (grey bars) and
Cruzeta (white bars) reservoirs during the study period.

VSS did not show a significant difference between
the first and the second half of the study (p = 0.08),
thus presenting a more constant pattern. In turn,
ESS values showed a significant difference between
of the two study periods. In this case FSS values
were low during the first 10 months and higher
during the last 10.

The two-way cluster analysis shows that
samples from Dourado reservoir were divided
into two main groups considering around 40%
of information remaining (Figure 5A). The first
cluster comprehends samples from May 2011
until April 2012 and also June 2012, these samples
were grouped based on similarities, as higher
precipitations, volume and transparency values,
and also by low Chl-g, turbidity and conductivity
values. Considering that, this cluster was named
“Rainy and dry months”. The second cluster was
named “Extended drought” due to the similarities
in variables found between samples May 2012
and from July 2012 to December 2012, which
were associated with low volume and transparency
values, while VSS, FSS and Chl-z concentrations
were higher (Figure 5A). Volume was positively
correlated to transparency (0.93) and precipitation
while negatively correlated to conductivity (-0.88),
Chl- (-0.82), VSS (-0.72) and ESS (-0.57).

Data from Cruzeta reservoir showed also two
main clusters, but the variables were differently
associated to them in the other reservoir (Figure 5A
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Figure 5. Two-way Cluster Analysis of Dourado (A) and
Cruzeta Reservoir (B). Samples are clustered in lines while
environmental variables are clustered in columns. Dark
squares express maximum values of each variable while
white ones represent minimum values.

and 5B). The volume was positively correlated
with transparency (0.80) and Chl-2 (0.59) while
negatively correlated with conductivity (-0.95),
FSS (-0.80) and SRP (-0.55). The first main
cluster, named “Rainy and Dry Months”, (May
2011 to April 2012) was associated with high
volumes, transparency, Chl-z and negatively with
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conductivity and FSS. The second group (May 2012
to December 2012), named “Extended Drought”
was associated with high inorganic turbidity (FSS)
and conductivity, low volumes and less algal biomass
(Figure 5B).

For Dourado the physical-chemical variables
explained 77.99% of the variance in the first two
axis (Axis 1 = 59.27% and Axis 2 = 18.72%) on
principal component analyses (PCA). Precipitation
(0.91), volume (0.73) and transparency (0.71) were
positively related to axis 1, while Chl-z (-0.60) and
volatile suspended solids (-0.84) were negatively
related to this axis (p = 0.001) (Figure 6A). The

A. Dourado Reservoir
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variance in axis 2 was not significantly explained
by any of the variables (p > 0.05).

In Cruzeta, PCA variables explained 87.43% of
the variance on the first two axis (Axis 1 = 58.03%
and Axis 2 = 29.40%). This analysis also showed
a different seasonal pattern in Chl-4, compared
with Dourado, as explained previously in Figure 3.
The precipitation (0.90), Chl-z (0.85) and volume
(0.81) were associated positively, while, FSS (-0.64)
and conductivity (-0.80) were negatively related
with axis 1 (p = 0.01) (Figure 4B). SRP (-0.83) and
nitrate (-0.65) were negatively correlated to axis 2
(p = 0.03), and were associated with “Extended
Drought” samples (Figure 6B).
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Figure 6. Principal components analysis (PCA) scores applied to environmental variables in Dourado (A) and Cruzeta
(B) reservoirs. Monthly sample units were classified according to period classification (Figure 5). A. Dourado: Dark
Dots and Dark squares = Rainy and Dry months (May 2011 to April 2012 and June 2012); White squares = Extended
drought period (May 2012 and July 2012 to December 2012). B Cruzeta: Dark dots and Dark squares = Rainy
and Dry months (May 2011 to April 2012); White squares = Extended drought period (May 2012 to December
2012). Precip. = Precipitation; Transp. = Transparency; Conduct. = Conductivity; FSS = Fixed Suspended Solids;
VSS = Volatile Suspended Solids; Chl-a = Chlorophyll-z; SRP = Soluble Reactive Phosphorus; NO, = Nitrate.
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4, Discussion

The indirect effects of extended dry periods
on water quality were assessed by changes in
Chl-4, dissolved nutrients and transparency due to
water volume reduction. Both reservoirs showed
a considerable reduction in their water levels,
which was followed by reduced water quality in
terms of high Chl-z concentrations or suspended
solids. Results indicate the impacts of water level
fluctuations on these aquatic ecosystems and also
that inorganic suspended matter (FSS) can interfere
in the dynamic of algal biomass and water quality
due to light availability and turbidity.

The wide volume fluctuations in a reservoir
alter water physic-chemical conditions as the
mixing regime, light availability and nutrient
concentrations. Those are essential driving factors
for the phytoplankton growth (Reynolds, 2006).
Studies showed that low water levels in semiarid
regions are often associated with high algal biomass
and organic turbidity in freshwater ecosystems, due
to high nutrients availability for primary producers
(Naselli-Flores, 2003; Geraldes & Boavida, 2005,
2007; Bond et al., 2008).

In Dourado reservoir the maximum volume
capacity during rainy months was associated with
a clear water state with low phytoplankton biomass
and high SRP concentration. As precipitation
started to be more scarce, there was a gradual
water loss, due to the intense evaporation rates,
followed by an increasing in conductivity, Chl-2
and VSS. Decreasing SRP values during extended
drought can be explained by phytoplankton
uptake (Reynolds, 2006) as showed by the
increasing Chl-z pattern during the study. Similar
pattern was found in Tapacurd reservoir, where
low water levels periods were associated with low
SRP concentration and cyanobacterial blooms
(Bouvy et al., 2003). Low water levels can enhance
nutrient recycling, promoting algal growth,
turbidity and eutrophication in shallow freshwater
ecosystems (Beklioglu, 2007). Thus, in Dourado
reservoir, algal growth during extended drought
was the responsible for turbid conditions (high
VSS), decreasing water quality. Some studies
in Brazilian semiarid reservoirs reported similar
results (Bouvy et al., 2000, 2003; Huszar et al.,
2000). Therefore, it means that Chl-2 can work as
a predictor of water quality during droughts and
that low water levels can be a harmful condition
for this reservoir.

Cruzeta reservoir presented an opposite and
unexpected pattern in algal biomass over the study
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period, compared to Dourado reservoir. Instead
of increasing in the extended drought period,
Chl-a decreased as long as the water volume
reduced, indicating that high algal biomass was not
necessarily related to drought periods.

Environmental conditions in Cruzeta reservoir
within extended drought period did not favor algal
growth. It is suggested that the increasing of FSS
reached high concentrations since May 2012, which
could be responsible for the Chl-z reduction. Other
fact that indicates this algal biomass crashing is the
high concentrations of FSS that can cause inorganic
turbidity, which can limit or decrease algal growth
by shading (Reynolds, 1999, 2006), what may have
occurred during this extended drought.

In Cruzeta reservoir, Freitas et al. (2011) also
reported a crash in algal biomass due to inorganic
turbidity. This study showed that light availability
and Chl-z values were lower in the end of drought
period than in the rainy period, because of higher
FSS values.

The high inorganic turbidity caused by FSS in
Cruzeta reservoir can be explained by the shallower
conditions during the drought and by its greater
surface area, which together enhance sediment
resuspension by the wind (Ferrao-Filho & Esteves,
1994). It is also known that inorganic matter (FSS)
represents almost 76% of the total suspended solids
in this reservoir, demonstrating that high loads
come from the catchment (Freitas et al., 2011).
Even with low Chl-z level during the drought, High
ESS values indicate water quality degradation for
human consumption (Bilotta & Brazier, 2008). In
this case, FSS was a better predictor of water quality
than Chl-4.

High conductivity values in both reservoirs
during extended drought were already expected
according to Bouvy et al. (1999), because high
evaporation rates and precipitation shortage
concentrate solutes in water. This seems to be a
pattern in Brazilian tropical semiarid reservoirs
(Barbosa et al., 2012).

According to the results, the hypothesis can be
partly corroborated because Chl-z concentration
present opposite patterns in both reservoirs within
low volume conditions. Thus, only Dourado
reservoir seems to corroborate with our hypothesis,
due to the increasing Chl-z over the extended
drought. Despite showing a decreasing pattern in
Chl-4, Cruzeta reservoir also suffered from water
quality degradation due to high FSS levels during
the extended drought. In general, drought decreases
water quality by reducing water levels, but local
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factors, like FSS concentration, can also play an
important role on determining which variables will
be the predictors of the water quality in semiarid
IEServoirs.
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