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Abstract: Aims: to evaluate the richness, biomass and distribution of aquatic macrophytes in
a subtropical reservoir in the dry and rainy seasons. Methods: this study was carried out in the
Itupararanga Reservoir, an important water source in Sao Paulo State, undergoing a continuous process
of eutrophication. Samples of macrophytes were collected at 12 sampling sites in the summer and
at 9 sampling sites in the winter in the Itupararanga Reservoir using the quadrat method (0.25 m?).
In the laboratory, the plants were washed to remove the coarse material and then were dried (60 °C)
for biomass determination (gDW. m?). All the species in the sampling sites in both periods were
identified using the specific literature. In each sampling site, the water temperature, pH, electrical
conductivity and dissolved oxygen were measured using a probe. The temporal and spatial differences
were analyzed using t-test and a Cluster Analysis was performed. Results: The checklist showed
sixteen species, 75% of them were emergent. From the 16 species, 15 were present in the summer
and 10 in the winter. Eichhornia crassipes, Polygonum sp., and Urochloa sp. were the frequent taxa and
had the highest biomass in both periods. The winter showed the highest biomass mainly due to the
growth of free-floating species. The headwaters of the reservoir, the most eutrophic region, showed
that the highest macrophyte richness and the sampling sites of this area were clustered in both the
summer and winter. Conclusions: There was no significant spatial variation among the measured
variables. E. crassipes, Salvinia sp. and Urochloa sp. showed a significant variation of biomass between
two periods. Urochloa sp. is a nuisance species occurring in up to 60% of the sampling sites having
implications for the whole catchment. Continuous macrophyte monitoring is important due to the
increasing trophic status of this ecosystem.

Keywords: [tupararanga reservoir; biodiversity; spatio-temporal variability; floristic survey.

Resumo: Objetivo: avaliar a riqueza, biomassa e distribui¢io de macréfitas aqudticas no reservatdrio
subtropical na estacao seca e chuvosa. Métodos: este estudo foi realizado no reservatério Itupararanga,
um importante manancial de abastecimento no estado de Sao Paulo e que estd passando por continuo
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processo de eutrofizagao. Macréfitas foram coletadas no reservatério em 12 locais de amostragem no
verdo e em 9 no inverno usando o método dos quadrados (0,25 m?). Em laboratério, as plantas foram
lavadas para remocdo do material aderido e secas em estufa (60 °C) para determinagio da biomassa
(gDM.m?). Todas as espécies presentes nas estagdes de amostragem foram identificadas usando
literatura especifica. Em cada local de amostragem, a temperatura da dgua, pH, a condutividade
elétrica e o oxigénio dissolvido foram medidos usando uma sonda multiparAmetros. As diferencas
espaciais e temporais dos parAmetros ambientais foram analisadas através do teste-t ¢ uma andlise
de agrupamento foi aplicada. Resultados: O levantamento floristico indicou 16 espécies, das
quais 15 espécies ocorreram no verdo e 10 no inverno. Eichhornia crassipes, Polygonum sp., e Urochloa sp.
foram os taxa mais frequentes e apresentaram os maiores valores de biomassa em ambos os periodos.
A maior biomassa total foi registrada no inverno, principalmente devido ao aumento de espécies
livre-flutuantes. Na cabeceira do reservatério, regido mais eutrofizada, houve a maior riqueza de
espécies e os locais de amostragem localizados nesta regiao ficaram agrupados no verdo e no inverno.
Conclusées: Nao houve variagio espacial das varidveis medidas. E. crassipes, Salvinia sp. e Urochloa sp.
apresentaram variagdo significativa da biomassa entre os dois perfodos. Urachloa sp. é uma espécie
exdtica que ocorreu em mais de 60% dos locais de amostragem e pode causar sérias implicagoes para
a bacia como um todo. O continuo monitoramento das macréfitas aqudticas ¢ importante devido ao

aumento do estado tréfico do reservatério.

Palavras-chave: reservatdrio Itupararanga; biodiversidade; variabilidade espago-temporal;

levantamento floristico.

1. Introduction

The wide diversity of macrophytes is related
to their capacity to colonize aquatic ecosystems
with significantly different physical-chemical
characteristics (Chambers et al., 2007).
The Neotropical region comprises the highest
diversity of macrophytes encompassing up to 60% of
all aquatic vascular plants (Chambers et al., 2007).
In this region, the main environmental driving forces
related to the macrophyte diversity, abundance and
occurrence of species with different life forms include
pH, alkalinity and nutrients (Kennedy et al., 2015).

The light and temperature conditions of the
tropics, which are favorable to growth, support
abundant macrophyte biomass production, especially
in reservoirs. The stability of these ecosystems
increases macrophyte development, generating
microhabitats for fishes, macroinvertebrates and
periphyton (Kovalenko et al., 2009; Padial et al.,
2009) as well as changing the physical and
chemical characteristics of the water and sediment
(Joniak et al., 2007) due to the uptake of
nutrients from the water column and sediments
(Holmroos et al., 2015). Maintaining macrophyte
biodiversity improves the functioning of the
ecosystem, increases the transparency of water
and supporting fish production (Bakker et al.,
2012). On the other hand, excessive macrophyte
production has a number of implications for
the multiple uses of reservoirs, for example,
damaging hydropower generation and navigation
(Pieterse & Murphy, 1993). These effects depend
on the species, due to characteristics such as life
form differences, the presence of propagules and
generation time.
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The land use of the watershed supports macrophyte
colonization and biomass growth due to the runoff
from agriculture areas (Choi et al., 2014) increasing
the negative effects in the water quality. Itupararanga
Reservoir is a subtropical ecosystem and its main
land use is the agriculture (42% of the reservoir
area; Garcia et al., 1999) and despite the presence
of an environmental preservation area (25%),
the trophic status is increasing deteriorating
the water quality. The eutrophication of the
Itupararanga Reservoir is increasing over time and
it is related to the high phosphorus and clorophyll
a concentrations (CETESB, 2016). Many towns
around the reservoir have no sewage treatment
increasing the nutrient concentrations mainly in
the dry season (Soares et al., 2008) contributing
to the eutrophication and cyanobacteria bloom
(CETESB, 2016). Aquatic macrophyte growth
is closely related to the eutrophication causing
concerns to the multiple uses of freshwater systems
(Pieterse & Murphy, 1993). However few studies
described this community in the Itupararanga
Reservoir. Due to its geographical position in
a channel of reservoirs, the water quality of the
Itupararanga Reservoir may influence an important
aquatic system in Sdo Paulo State by acting as a
source of nuisance species.

Understanding macrophyte dynamics in
reservoirs contributes to establishing biodiversity
patterns and to managing this community
(Martins et al., 2008; Pitelli etal., 2008; Ziegler etal.,
2015). It is particularly relevant in the State of Sao
Paulo due to the high number of reservoirs in
the region, especially along the Tieté River, an
important river that crosses the state and has six
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cascade reservoirs along its middle course. The main
aim of this study was to evaluate the richness,
biomass and distribution of aquatic macrophytes in
the first upstream reservoir of the cascade reservoir
system of the Tieté River watershed (Itupararanga
Reservoir) in the dry and rainy seasons (winter and
summer, respectively). It was hypothesized that the
rainy period influences species richness and biomass
since this period supports the plants growth, due
to higher temperatures and nutrient intake, and
also the high flow of river may carry propagules to
the reservoir.

2. Material and Methods
2.1. Study area

The Itupararanga Reservoir (23°36°42”S;
47°23°48”W) is located in the Sorocaba River Basin
in the State of Sao Paulo (Figure 1). The reservoir
is 26 km long and has a drainage area of 936 km?.
The annual mean temperature in the watershed
is 20 °C and rainy and dry months are January
and August, respectively. The historical minimum
temperature in the rainy month is 19 °C and
the maximum is 28 °C. In the dry months, the
minimum and maximum historical temperatures
are 14 °C and 26 °C, respectively. The mean annual
rainfall is 1231 mm.

47'2?0'\[\1

Itupararanga is a multipurpose reservoir used
mainly to supply water to an important region
of Sao Paulo State (=1 million of people) and
for power generation, irrigation and leisure.
The trophic level of the reservoir has increased
from oligotrophic to eutrophic due mainly to land
use and high biological oxygen demand (BOD)
(CETESB, 2012; Beghelli et al., 2014). In the
headwater of the reservoir, the concentrations of
chlorophyll and phosphorus are higher than other
regions of this system increasing its trophic status
(Cunha & Calijuri, 2011a).

2.2. Sampling and plant identification

The sampling sites were selected according
to the aquatic macrophyte occurrence on a visit
to the entire coastal area of the Itupararanga
Reservoir. In the summer (rainy season — February,
2010), 12 sampling sites were reported as having
macrophytes (Figure 1). In the winter (dry season
—June, 2010), the plants were found in 9 sampling
sites (except in P6, P7 and P9).

Macrophyte samples were collected using the
quadrat method (four replicates by collecting
area and quadrat area: 0.25 m?) (Westlake,
1965). In the laboratory, the macrophytes were
washed to remove the coarse material, separated
by species and dried (60 °C) to a constant weight
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Figure 1. Location of Itupararanga Reservoir in Sorocaba watershed (Sao Paulo State) with sampling sites represented

by black circles.
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(Pompéo & Moschini-Carlos, 2003) to obtain
the dried biomass (g DW.m™). Macrophyte
species identification was performed using specific
literature (Amaral et al., 2008; Pott & Pott, 2000;
Scremin-Dias, 1999) and by consulting specialists
from the Laboratério de Limnologia do Instituto de
Biologia from the Universidade of Sdo Paulo (USP)
(Limnology Laboratory at the Institute of Biology of
the University of Sao Paulo) and from the /nstituro
de Biologia, Universidade Estadual de Campinas
(UNICAMP) (Institute of Biology of the University
of Campinas). Species nomenclature was obtained
from the REFLORA virtual herbarium (Instituto de
Pesquisas Jardim Bot4nico do Rio de Janeiro, 2016).

‘The water temperature, pH, electrical conductivity
and concentrations of dissolved oxygen (DO) were
measured in the sampling sites using a probe (YSI,
556). The rainfall and water flow data of the reservoir
during the sampling period was provided by the dam

operator.
2.3. Data analysis

Similarity analysis was carried out at each
sampling site using the presence and absence matrix.
Cluster Analysis was also carried out using the
Sorensen Similarity Index and the UPGMA method
(Valentin, 2000). To test the differences between the
macrophyte biomass in the two different seasons,
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the t-test was used (significance level: 0.05) using
R software version 2.11.1.

3. Results

The highest rainfall and outflow occurred in
the summer (January: 504 mm and 37 m’.s”,
respectively). In February, the rainfall and outflow
values were 110 mm and 33 m’.s™, respectively.
In the winter (June), the rainfall was 37 mm and
the outflow was 13 m?.s (Figure 2A). The mean
water level showed a low variation between the
sampling periods (maximum in the summer:
825.4 m; maximum in the winter: 823.5 m in the
winter) (Figure 2B).

The physical and chemical variables showed no
spatial variation. It is important to highlight the
highestvalues of electrical conductivity in the sampling
sites next to the reservoir headwater (P2, P3 and P4)
from 61 to 73 pS.cm™ (Figure 3) showing that
these sites were significantly different from others
(p = 0.03 for P2 and P3 and p = 0.024 for P4),
except for P11 and P12. In winter, the concentration
of dissolved oxygen was low in the P2 and P3
(5.2 mg.L'" in both sampling sites). Considering
the temporal variation, the temperature was
significantly higher in the summer (p = 0.038) and
dissolved oxygen showed no significant variation
between the two seasons (p = 0.05).
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Figure 2. Climatological data of the Itupararanga Reservoir from June, 2009 to June, 2010. (A) Daily rainfall;
(B) Water level (black line) and outflow (diffluent flow — gray line) Source: Votorantim Energia.
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Figure 3. Variation of pH values, electrical conductivity (uS cm™), water temperature (°C) and concentration of
dissolved oxygen (mg L") at different sampling sites of the Itupararanga Reservoir in two seasons (summer and winter)
in 2010. There were no measurements in the sampling sites with absence of macrophyrtes (in the winter P6, P7 and P9).
Some values were missed in the summer due to the low accessibility to the sampling sites.

The identification of the macrophyte species
showed the occurrence of 10 families, 13 genera
and richness of 16 species (Table 1). The emergent
species were dominant (12 species), four species
were free floating and one species had floating
leaves. Due to the absence of reproductive
structures, some species could not be identified.
Therefore, in the analysis of temporal variation,
the species Polygonum lapathifolium, P puctatum,
Alternanthera philoxeroides and Ludwigia longifolia
were grouped according to their respective genera.

The highest richness occurred in the summer
(15 species — O. cubense was absent) except for P2
and P8 sampling sites mainly due to P stratiotes and
E. crassipes at P2 and O. cubense and Polygonum sp.
at P8 sampling sites (Figure 4). In the winter,
10 species were identified (Table 2).

The most common species were Polygonum sp.
and Urochloa sp. that were predominant in
the summer, occurring at P7 and P8 sampling
sites, respectively. At the P11, Polygonum sp.
was the predominant species. In the winter,
E. crassipes was the most representative species,
occurring in 5 sampling sites, as well as Urochloa sp.
which occurred in 4 sampling sites (Table 2).
The mean total biomass of aquatic macrophytes was
higher in the winter (573.5 gDM.m™) than in the
summer (492.8 gDM.m™) due to high E. crassipes
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biomass in the winter (1245 gDM.m™) (Table 2).
However, the differences of the two seasons were
not significant (p = 0.372).

Cluster analysis of the floristic composition
showed a similarity of 0.367 between three
groups in the summer (Group 1: P1, P4,
P5, P6, P7, P8; Group 2: P2, P3 and P9;
Group 3: P10, P11 and P12) (Figure 5a). In the
winter, the sampling sites P1, P4, P5 and P8
including P2 were also clustered (Group 1), as well
as P10 and P11 (Group 2) and the third group was
formed by P3 and P12 (Figure 5b).

4. Discussion

The highest macrophyte richness in the rainy
season (summer), mainly for emergent species,
corroborates the initial hypothesis. The low variation
of biomass for most species in both the summer
and winter indicated that the seasonality is not a
key factor for most of the macrophyte community
development. However, the low similarity suggests
that the Itupararanga Reservoir is a heterogeneous
ecosystem supporting the growth of different species
contributing to biological diversity. Despite the
low spatial variation of the physical and chemical
variables, some recent studies (Cunha & Calijuri,
2011b; Bottino et al., 2013) reported that the
main factors related to the spatial heterogeneity of
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Table 1. Species checklist, families and life forms of macrophytes from the Itupararanga Reservoir in the summer
(February, 2010) and in the winter (June, 2010).

Clade Family Species Life Form
Pteridophytes
Salviniaceae
Salvinia sp. FF
Angiosperms
Clade Anita
Nymphaeaceae
Nymphaea sp. FL
Clade Monocotyledons
Araceae
Pistia stratiotes L. FF
Cyperaceae
Cyperus giganteus Vahl. EM
Cyperus mundtii (Nees) Kunth EM
Oxycaryum cubense (Poepp. & Kunth) Lye EM
Poaceae
Hymenachne pernambucensis (Spreng.) Zuloaga EM
Urochloa sp. EM
Pontederiaceae
Eichhornia crassipes (Mart.) Solms. FF
Eichhornia azurea (Sw.) Kunth EM
Pontederia cordata L. EM
Clade Eudicots
Rosids
Haloragaceae
Myriophyllum aquaticum (Vell.) Verdc. EM
Onagraceae
Ludwigia longifolia (DC.) H.Hara longfolia EM
Polygonaceae
Polygonum punctatum Elliott EM
Polygonum lapathifolium L. EM
Asterids
Amaranthaceae
Alternanthera philoxeroides (Mart.) Griseb. EM

EM: Emergent; FF: Free Floating; FL: Floating Leaves.

77 W summer

6 winter

Richness

Pl P2 P3 P4 P5 P6 P7 P8 P9 PIO PIl PI2
Sampling sites

Figure 4. Macrophyte species richness in different sampling sites of the Itupararanga Reservoir during two periods
(summer and winter).
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Table 2. Occurrence of aquatic macrophytes species in the different sampling sites from Itupararanga Reservoir and
their total biomass in the summer (February, 2010) and in the winter (June, 2010). The t test was not performed on
the species occurring in only one period and to Pistia stratiotes due to the low abundance in the winter.

Species Total Biomass (gDM.m?) Sampling Site
Summer Winter Summer Winter
Salvinia sp. 0.29+0.34 b 53.7t11.43 a P4, P7, P8 P4, P5, P8
Nymphaea sp. - - P10 P10
Pistia stratiotes 117.2476.46 6.416.76 P4, P6, P7, P8 P2, P4, P8
Cyperus giganteus - - P7 -
Cyperus mundftii 107.94+204.83 - P5, P6 -
Oxycaryum cubense - 4.32+8.65 - P8
Hymenachne pernambucensis 55.03+£110.06 - P7 -
P1, P2, P3, P4, P5,
Urochloa sp. 488.2+149.91a 130.4£170.59 b P6, P8, P9 P2, P4, P5, P8
Eichhornia crassipes 568.5+415.25b  1245+338.52 a P1, P4, §152 P7. P8, P2, P4, P5, P8, P12
Eichhornia azurea 97.7+121.43a 42.4+84.75 a P12 P12
Pontederia cordata 44.42+88.84 - P5 -
Myriophyllum aquaticum 147.5£294.9 a 102+76.46a P5, P6, P7, P9, P12 P3, P12
Ludwigia sp. 71.6£141.03 a 215+126.69 a P1, P4, P5, P6, P9 P1
Polygonum sp. 750+387.39a 750.3%129.34 a P1F,>1§,3F,)11P‘6F,>1;’9, P8, P10, P11
Alternanthera philoxeroides 20.58+41.16 - P3 -
Total Mean 492.8+255.42 573.5+434.17
Values not obtained (-). Different letters indicate significant differences between the two periods.
: UPGMA
E : P12
| P11
| P10
P9
P2
P7
: L P4
P6
P5
; P1
0.04 0.02 0.36 0.52 068 0.84 1
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Figure 5. Cluster analysis of floristic similarity of the sampling stations of the Itupararanga Reservoir in two seasons
(a: summer; b: winter).
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the littoral area of the Itupararanga Reservoir are
dissolved nutrients and sediment composition.

The regularization of water flow did not alter the
mean water level of the reservoir despite high rainfall
in the summer. Therefore, the reservoir exhibits a
low variation in the water level throughout the year
maintaining a low depth even in the rainy season.
Low water level, shallow depths and consequently
the variation in margin availability (Thomaz & Bini,
2003; Chen et al., 2015) are characteristics that
favor the establishment of aquatic macrophytes,
especially emergent species, as found in our
study 75% of species are emegent).

Despite the predominance of emergent species,
E. crassipes showed the highest biomass in the
winter. Considering that an increase in nutrients
is common during this period in the study area
(Cunha & Calijuri, 2011b) and that the electrical
conductivity may be considered an indirect measure
of the concentrations of nutrients dissolved in the
water (Cometti et al., 2008), an increase in this
variable in the winter allowed us to suppose that the
trophic status influenced the biomass of E. crassipes
in the winter.

The occurrence of E. crassipes is closely related
to the trophic status of the aquatic ecosystem
(Hoveka et al., 2016; Lacoul & Freedman, 2006)
and the occurrence of this plant, mainly in the
most eutrophic riverine zone, which corroborates
our statement and suggests that the lower flow of
the rivers in the winter favors the establishment and
development of the floating species.

The macrophyte species composition in
the Tieté River Basin (Carvalho et al., 2003;
Cavenaghi et al., 2003; Martins et al., 2008;
Smith et al., 2014; Tanaka et al., 2002) is similar
to those found in the Itupararaga Reservoir. In this
ecosystem, there was a predominance of emergent
species (Polygonum lapathifolium, Althernanthera
philoxeroides, Eichhornia azurea) and others such as
Myriophyllum aquaticum, Pistia stratiotes, Eichhornia
crassipes and Salvinia, Hymenachne, Ludwigia,
Cyperus and the Nymphaea genus. It suggests species
dispersion through the cacchment and also that the
rainy season increases the probability of transporting
these plants and improves their growth due to the
high temperature and photoperiod of the summer.

The wide occurrence and the high biomass
of Urochloa sp. is a concern for the Itupararanga
Reservoir, as this species is an invasive grass and the
knowledge about its management is scarce. In Brazil,
the main studies related to the biological invasion
of Urochloa sp. were carried out in the Parand
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River Basin, specifically in the Itaipti Reservoir
(Michelan et al., 2010; Thomaz & Michelan, 2011)
using the Urochloa arrecta (Trin.) R. D. Webster
grass. This Poaceae from Africa is widely distributed
in Brazil and has a high invasive potential affecting
the distribution of native species in both natural and
man-made ecosystems due to its high regeneration
capacity after disturbances, including regeneration
by rhizomes and/or seeds, high growth rate and
efficient dispersion strategy (Michelan etal., 2013).

In general, most of the sites with a presence
of macrophytes were close to the areas with
anthropogenic influence, in the form of small
urban centers or farms. As a consequence, the input
of nutrients in these areas is higher, supporting
eutrophication in some periods of the year
(Cunha & Calijuri, 2011a). Anthropic activities
favor the macrophyte growth, mainly of emergent
species (Del Pozo et al., 2011; Biudes & Camargo,
2006). The right margin of the Itupararanga
Reservoir has a conserved PPA (Permanent
Protection Area), which probably maintains the
water quality in a better condition than in other areas
of the reservoir. In addition, the microclimate (e.g.
low temperatures of water — personal observation)
and low light intensity of this bank due to the
preservation of the forest may reduce the occurrence
of macrophytes.

The selection of sampling sites for this
study revealed that macrophytes occurring on
the left margin of the Itupararanga Reservoir
denoting human activities (e.g. agriculture,
urban development and domestic sewage input)
influence the development of aquatic plants, which
are mainly emergent and floating. Our research
showed that the highest richness occurred in
the summer with a predominance of emerging
species that had low seasonal variation of biomass
(eg, Polygonum sp.). However, the total biomass
was high in the winter mainly due to the growth of
free-floating species (e.g. E. crassipes) that increase
their potential growth in the low flow periods.
The nuisance species Urochloa sp. decreased its
biomass significantly between the two periods, but
was present in 66% of the sampling sites in the
summer and up to 40% in the winter. The physical
and chemical variables showed no spatial variation,
but the sampling sites near to the headwater were
clustered suggesting the eutrophication of this
regions plays an important role in the water quality
and species diversity. Continuous monitoring
of macrophyte development in the Itupararanga
Reservoir is important to maintain multiple uses
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and biodiversity, mainly due to the occurrence of
exotic Poaceae species. The Itupararanga Reservoir
reflects the species incidence of the catchment and
its increasing eutrophication may have implications
for the species exportation to a reservoir chain in
the Tieté River Basin.
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