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ABSTRACT

Ceratium is a large freshwater mixotrophic dinoflagellate protected by rigid cellulose armor,
characteristic summer inhabitant of temperate stratified lakes with low surface nutrient
concentrations. Here we reported the occurrence of high biomass of Ceratium furcoides in Billings
reservoir (Séo Paulo, Brazil), and we reported for the first time, the occurrence of C. furcoidesin
Guarapiranga reservoir (S&o Paulo, Brazil), however, in low biomass. Billings reservoir is used for
electric power generation, leisure, fishery and navigation. Guarapiranga reservoir’s main use is
water supply. Since 2000, water from Billings is pumped to Guarapiranga during the dry season,
when the water level of the last is low. Probably, C. furcoides population was transferred to
Guarapiranga during this pumping. The lower C. furcoides biomass in Guarapiranga reservoir
suggests that the colonization of C. furcoidesin Guarapirangais still in early stages comparing with
the colonization in Billings or that Guarapiranga’s environment is not convenient for C. furcoides’
establishment and growth as it is in Billings reservoir. Thus, monitoring should be intensified, and
more effective measures should be taken by the agencies responsible in order to eliminate the
causes of the eutrophication process, the consequent development of phytoplankton blooms, and the

transference of potential harmful organisms.
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1INTRODUCTION

Water storage is one the most ancient, important and efficient human intervention in natural
systems (TUNDISI, 1996). These man-made reservoirs promote economic benefits due to
hydroelectric power generation and due to water supply for irrigation and consumption, among
others. Modern reservoirs can storage a large volume of water and also can have a very high
capacity of water transfer between basins, affecting the water quality of the hydrographic basins
involved (STRASKRABA; TUNDISI, 2000). In other words, reservoirs are inserted in a
hydrographic basin and interact with it, capturing the human activities impacts along the basin
(TUNDISI, 1996).

Eutrophication is a natural process that has been accelerated by human activities such as
urbanization, industrialization and use of agricultural fertilizers (POMPEO et al., 2005). The high
nutrients concentration in the water, that characterized the eutrophication process, leads to great
ateration in the aguatic ecosystem, affecting the biological communities and the biogeochemical
cycles (MOSS, 1998). Phytoplankton blooms are one of the main symptoms of the eutrophication
process. In tropical regions, during the last three decades, cyanobacteria blooms have been more
and more frequent in water supply reservoirs (DI BERNARDO et al., 2002). However, very
recently, blooms of an invasive dinoflagellate species are being frequently observed in tropical
reservoirs.

Ceratium Schrank is a large freshwater mixotrophic dinoflagellate protected by a rigid
cellulose armor (POPOVSKY; PFISTER, 1990). Because of these morphological characteristics,
Ceratium is well protected from ingestion by herbivorous cladocerans (SOMMER et al., 2003).
Inorganic nutrients are often cited as factors that trigger blooms of Ceratium (WHITTINGTON et
al., 2000). Its occurrence can harm the environment since it can deplete resources (SANTOS-
WISNIEWSKI et a., 2007). The genus Ceratium is a characteristic summer inhabitant of temperate
stratified lakes with low surface nutrient concentrations (DOKULIL; TEUBNER, 2003;
GRIGORSZKY et a., 2003). However, since 1999, reports of high densities of Ceratium in tropical
and subtropical eutrophic waters became more frequent, such as Argentina (MACDONAGH et a.,
2005), Chile (SOTO; LEMBEYE, 1999), South Africa (VAN GINKEL et d., 2001; HART, 2007),
New Zealand (HART; WRAGG 2009) and Australia (WHITTINGTON et a., 2000; BALDWIN et
al., 2003). Since 2007, Ceratium is frequently found in Brazilian environments (SANTOS-
WISNIEWSKI et a., 2007; CETESB 2009; MATSUMURA-TUNDISI et a., 2010; OLIVEIRA et
al., 2011). Here is reported and discussed the occurrence of Ceratium furcoides (Levander)
Langhansin two linked Brazilian reservairs.

2MATERIALSAND METHODS

This study was carried out in September 14, 16 and 18", 2009 in two linked Brazilian
reservoirs in S& Paulo metropolitan area: Billings (six superficia samples through Taguacetuba
branch’s longitudinal axis) and Guarapiranga (six superficial samples through Parelheiros branch’s
longitudinal axis) (Figure 1).

Billings reservoir was built in 1927 and its watershed covers an area of 560 km?, storing 1.2
billion m® of water. Billings’ uses include electric power generation, leisure, fishery, navigation,
flow control, domestic and industrial wastewater reception, and water supply. Billings’” limnological
characteristics changed substantially since 1940, when part of the polluted water from the Tieté
River (Séo Paulo city) started to flow into the Billings reservoir, aiming to increase the water flow
and consequently, the electric power generation. This operation, along with the disorganized human
occupation of the watershed, contributed to increase the eutrophication and consequently, the
cyanobacterial blooms (SOUZA et al., 1998). Due to its peculiar shape, Billings reservoir is divided
into eight units called branches. Taguacetuba branch has a particular use. In August of 2000, the
S0 Paulo State Basic Sanitation Company (SABESP) began the transfer of raw water from
Taquacetuba branch to Guarapiranga reservoir (Parelheiros branch), in order to increase the water
volume of Guarapiranga reservoir during the dry season. This water transfer started with a license
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for 2.0 m® s currently, it operates at a volume of 3.0 to 4.0 m® s, contributing with 29% of the
total water produced in Guarapiranga reservoir, which main use is water supply to southeastern Séo
Paulo city at arate of 1.2 billion L day™ (WHATELY; CUNHA, 2006). Guarapiranga reservoir was
constructed in 1908 and its watershed covers an area of 36 km?, storing 194 million m® of water.
According to the Sdo Paulo State Environmental Agency (CETESB), the current main problem of
both reservoirs is the excess of organic matter from clandestine domestic sewage input (CETESB,
2009). Consequently, phytoplankton blooms, especially cyanobacteria, are frequent in both
reservoirs (NISHIMURA et al., 2008; MOSCHINI-CARLOS et d., 2009).
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Figure 1: Location of Sdo Paulo State and S8o Paulo metropolitan area. In detail, Guarapiranga and Billings reservoirs
and the respective sampling points in Parelheiros and Taguacetuba branches. The dotted arrow represents the
water path when water is being transferred from Billings to Guarapiranga reservoir.

Water temperature, pH, electric conductivity (EC) and dissolved oxygen (DO) were measured
in each sampling station using standard electrodes (Y Sl 556). In each sampling station, maximum
depth (Zmax) and Secchi disk depth (Zs3) were measure and the euphotic depth (Ze,) was estimated
(AROCENA, 1999). Additionally, superficial water was gathered to analyze the following variables
in the laboratory: ammonium, nitrite and nitrate (MACKERETH et a., 1978), silicate and soluble
reactive phosphorus (STRICKLAND; PARSONS, 1960), total nitrogen and total phosphorus
(VALDERRAMA, 1981); chlorophyll a corrected for phaeophytin using 90% acetone extraction
(LORENZEN, 1967; WETZEL; LIKENS, 1991).

Superficial water samples for phytoplankton community analysis were preserved with lugol
4%. Phytoplankton species were identified based on specific bibliography and according to Van
Den Hoek (1997), except for Cyanobacteria (KOMAREK; ANAGNOSTIDIS, 1999; 2005) and
Bacillariophyceae (ROUND et d., 1992) in a Carl Zeiss ScopeAl microscope. Phytoplankton cells
were counted using the settling technique (UTERMOHL, 1958) in 2 mL settling chambersin a Carl
Zeiss Axiovert 40C inverted microscope. Sedimentation time followed Lund et al. (1958). A
minimum of 400 individuals (cells, colonies or filaments) was counted in each sample giving a
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counting accuracy, expressed in terms of 95% confidence limits, of < 10% for the whole
phytoplankton population (LUND et a., 1958). Biovolume was obtained by geometric
approximation, multiplying each species’ density by the mean volume of its cells considering,
whenever possible, the mean dimension of 30 individua specimens of each species
(HILLEBRAND et d., 1999). Alga biomass was estimated assuming a specific gravity for algd
cells of 1 mg mm3. The phytoplankton species that contributed with more than 5% of the total
biomass of the sample were considered a descriptors species of the community. Species that
contributed with more than 50% of the total biomass of the sample were considered dominant
(LOBO et a., 2002). To identify the species Ceratium furcoides, cells were clarified with NaClIO
20% to see the plate tabulation (BOLTOV SKQY, 1995) and the specimens were observed in a Carl
Zeiss ScopeA 1 microscope. Ceratium species description was based on Popovsky; Pfester (1990)
and Lewis; Dodge (2002).

To explore the relationship between the limnological variables and the sampling stations, a
Principal Components Analysis (PCA) was performed. To assess the contribution of each variable
included in the PCA, the “equilibrium circle of descriptors” technique was applied (LEGENDRE;
LEGENDRE, 1998). The variables inside the “equilibrium circle” were excluded from the analysis.
Limnological data were standardized by ranging [(X — Xmin)/(Xmax — Xmin)] 1N order to keep the same
amplitude to all variables and the PCA was carried out with the CANOCO for Windows 4.5
software and PCA plots were performed with CanoDraw for Windows (version 4.0) software.

3RESULTS

Table 1 and Table 2 show the main physical, chemical and biologica variables measured in
all sampling stations in Billings and Guarapiranga reservoirs, respectively. The first two axis of the
PCA explained 86.2% of the data variance (64.7% by the first axe and 21.5% by the second, Figure
2). The PCA plot showed a clear segregation by the first axis of the sampling stations from Billings
and Guarapiranga reservoirs (Figure 2). Billings’ sampling stations were close from each other in
the ordination, indicating homogeneity among the stations. Moreover, Billings sampling stations
were positively correlated with the variables related with nitrogen, electric conductivity, pH, DO
and Zmax (Table 3). Guarapiranga’s sampling stations were spread along the second axis,
indicating heterogeneity among the stations. By the PCA ordination, it is possible detect a clear
pattern of decreasing TN towards the central body of Guarapiranga reservoir (G1 - G6, Figure 2).
G1 exhibited very distinct characteristics from the rest of the sampling spots, with very low depth
and dissolved oxygen concentration, and high total phosphorous and ammonium concentrations. In
G1 and G2 were observed the highest phytoplankton biomass (Figure 3). The high biomass in G1
was due to the dominance of the cyanobacteria Sphaerocavum brasiliensis (7.15 mm® L™Y) and in
G2, due to the dominance of the Dinophyceae Peridiniopsis cunningtonii (13 mm*L™).

Altogether, 122 phytoplankton species were identified. Higher species richness was observed
in Guarapiranga (81 species) compared to Billings (58 species). In Guarapiranga, 21 phytoplankton
species were considered descriptors. four Chlorophyceae (Botryococcus braunii  Kitzing,
Coelastrum microporum Na&geli, Tetrastrum homoicanthum (Huber-Pestalozzi) Comas and
Chlamydomonas sp.), four Cyanophyceae (Anabaena spiroides Klebahn, Synechocystis aquatilis
Sauvageau, Coelomoron tropicale P.A.C.Senna, A.C.Peres; JKomarek and Sphaerocavum
brasiliensis M.T.P. Azevedo; C.L. Sant’Anna), three Dinophyceae (Ceratium furcoides (Levander)
Langhans, Peridiniopsis cunningtonii (Lemmermann) Popovsky; Pfiester and Peridinium
gatunense Nygaard), three Euglenophyceae (Euglena agilis H.J.Carter, Trachelomonas similis var.
spinosa Huber-Pestalozzi and Trachelomonas volvocinopsis Svirenko), two Bacillariophyceae
(Nitzschia sp. and Urosolenia eriensis (H.L.Smith) Round; R.M.Crawford), two Cryptophyceae
(Cryptomonas brasiliensis A.Castro, C.Bicudo; D.Bicudo and Cryptomonas ovate (Ehrenberg), one
Synurophyceae (Synura sp.), one Trebouxiophyceae (Franceia droescheri (Lemmermann)
G.S.Smith) and one Zygnematophyceae (Staurastrum anatinum Cooke; Wills var. anatinum f.
anatinum). In Billings 11 species were considered descriptors. four Dinophyceae (Ceratium
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furcoides, Gymnodinium sp., Peridinium gatunense, Peridinium umbonatum F.Stein), two
Cryptophyceae (Cryptomonas brasliensisand Cryptomonas ovata),
(Synechocystis aquatilis and Planktothrix agardhii (Gomont) Anagnostidis; Komarek), one
Chlorophyceae (Botryococcus braunii), one Trebouxiophyceae (Eremosphaera sp.) and one
Zygnematophyceae (Staurastrum anatinum Cooke; Wills var. anatinum f. anatinum). In general,
phytoplankton biomass was higher in Guarapiranga reservoir compared to Billings (Figure 3).

two Cyanophyceae

Table 1: Mean values and standart deviation of the physical, chemical and biological variables measured in all sampling
stations in Billings reservoir (B1-B6; n = 3, each sampling day in each sampling station). [“Total average”
referres to the mean value and standart deviation of all samples in Billings reservoir (n = 18); Zmax =
maximun depth; Zsd = Secchi disk depth; Zeu = euphotic depth; N:P = nitrogen:phosphorous molar ratio]

Billings Reservoir

variables
B1 B2 B3 B4 B5 B6 Total average

Zmax (m) 59+0.1 80+0.1 87+06 | 101+03 | 105+01 | 10.7+0.3 9.0+17
Zsd (m) 1.1+01 12+01 12+01 15+01 14+01 15+0.1 1.3+0.2
Zeu (M) 3.0+03 32+03 33+04 41+04 38+0.3 40+0.3 36+05
Zeu/Zmax 05+0.1 04+0.0 04+0.0 04+0.0 04+0.0 04+0.0 04+0.1
Temperature (°C) 21.0+03 | 209+03 | 21.0+03| 21.1+02 | 21.3+03 | 216+08 21.1+04
Dissolved oxygen (mg L) 84+19 9.3+05 89+05 87+05 81+11 88+0.7 8.7+09
pH 76+0.0 78+05 79+05 79+03 79+03 77+04 78+0.3
Conductivity (uScm™) 2209 221+9 223+ 6 226+5 229+5 231+6 225+7
Silicate (ug L™ 2+0 2+0 3+1 2+0 2+0 2+0 201
Phosphate (ug L™) <10 <10 <10 <10 <10 <10 -
Nitrite (ugL™) 32+15 35+13 37+13 41+9 46 + 13 45+7 39+11
Nitrate (ug L™ 717+138 | 812+231 | 845+250 | 902+ 163 920+ 91 942 + 105 856 + 161
Ammonium (ug L™ 27+7 44 +59 26 + 28 38+ 38 58 + 65 60 + 50 42 + 40
Total nitrogen (ugL™) 1371+44 | 1380+37 | 1363+ 13 | 1415+43 | 1511+88 | 1506 + 146 1424 + 87
Total phosphorous (ug L ™) 42+ 19 35+19 3315 31+16 33+12 28+8 34+13
N:P 87 £ 49 117 + 88 115+ 72 133+ 97 112+ 51 130+ 50 116 + 60
Chlorophyll-a (ug L) 48+7 42+ 28 31+12 24+11 34+18 27+21 34+14
Phaeophytin (ug L™) 22+1 57 £+ 67 20+ 15 15+4 18+5 15+8 16+4

Table 2: Mean values and standart deviation of the physical, chemical and biological variables measured in all sampling
stations in Guarapiranga reservoir (G1-G6; n = 3, each sampling day in each sampling spot). [“Total average”
referres to the mean value and standart deviation of all samples in Guarapiranga reservoir (n = 18); Zmax =
maximun depth; Zsd = Secchi disk depth; Zeu = euphotic depth; N:P = nitrogen:phosphorous molar ratio]

Guarapiranga Reservoir

variables
G1 G2 G3 G4 G5 G6 Total average

Zmax (m) 29+0.2 4701 6.5+0.2 8.0+0.0 89x0.6 8.5+0.4 7.0+22
Zsd (m) 1.3+04 1.6 0.1 1.5+0.0 1.5+0.0 1.3+0.1 1.2+0.2 1.4+0.2
Zeu (m) 35+1.0 4402 42+0.1 4001 3.6+0.3 33+04 3.8+0.5
Zeu/Zmax 1.2+04 09+0.1 0.6 0.0 0.5+£0.0 0.4+0.0 0.4+0.0 0.6 +0.3
Temperature (°C) 20.5%0.6 204 0.6 20.6 £ 0.3 21.1+£0.6 21.4+04 21.3+0.5 20.9 + 0.6
Dissolved oxygen (mg L) 0.6+0.5 3.7+19 5109 7.1+1.6 7311 8.1+0.5 5526
pH 7.0 £0.0 7.1+0.1 7.2%0.0 7.4+0.2 7.5+0.1 7.7+0.2 7.4 +0.3
Conductivity (uS cm1) 129 £ 22 117 £ 10 112+6 87 +11 108 +13 1107 112+ 15
Silicate (ug L1) 20 20 2+0 2+0 2+0 20 2+0
Phosphate (ng L'1) 46 + 34 12+11 <10 <10 <10 <10 -
Nitrite (ug L1) 13+9 33£10 319 13+7 206 24+9 22+ 10
Nitrate (ug L1) 150+ 175 384 £ 95 456 * 46 242 £ 69 414 + 64 472 +29 385+ 152
Ammonium (ug L) 505 + 194 372197 25255 69 56 118+ 79 807 218 +180
Total nitrogen (png L) 1392 + 357 1100+ 77 1003 £ 150 655 + 69 820+ 74 932 +89 999 + 253
Total phosphorous (ngL1) 117 +53 45+ 4 36+13 24+4 325 39+12 49 + 34
N:P 29+9 54+8 66 +20 63+17 57+9 56 £15 54+17
Chlorophyll-a (ng L'1) 12.7 +6.8 15.9+10.2 18.7+11.3 | 204+10.7 21.2+6.0 369+5.7 17 +£13
Phaeophytin (ug L) 143+ 6.4 29.5£19.7 | 14810 19.4+85 | 333214 | 326121 157

Pompéo et al. (Orgs.) Ecologia de reservatorios e interfaces, Sao Paulo : Instituto de Biociéncias da Universidade de S&o Paulo, 2015.

136



Capitulo 10 e Invasive dinoflagellate Ceratium furcoides

Billings and Guarapiranga reservoirs’ sampling stations

Table 3: Biplot scores of the selected environmental variables applied in the principal components analysis (PCA) in

variables 1st axis 2nd axis
Zmax -0.8678 0.2929
Zeu/Zmax 0.8837 -0.4416
T -0.7008 0.4215
DO -0.9265 0.2988
pH -0.9515 0.0512
EC -0.7904 -0.5852
SRS 0.3100 -0.4362
SRP 0.7619 -0.5431
NO, -0.7973 -0.4074
NO; -0.9400 -0.3256
NH," 0.8890 -0.3606
TN -0.4460 -0.8754
TP 0.7198 -0.5624
N:P -0.9283 -0.2689
<
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Figure 2: T=temperature; Zmax=maximum depth; DO=dissolved oxygen; pH; NO3=nitrate; NO2=nitrite;
K=conductivity; TN=total nitrogen; SiO3=silicate; TP=total phosphorous, NH4=ammonium; Zeu=Euphotic
depth) standardized by ranging in Billings (B1-B6) and Guarapiranga reservoirs (G1-G6).

Ceratium furcoides specimen was identified among the phytoplankton community. The cells
were narrowly spindle-shaped, strongly dorsiventrally flattened, 42-54 um wide, 114-154 um long;
epitheca formed into a narrow horn without shoulders; hypotheca broad and short, drawn out into
two posterior horns of different lengths; plates smooth and with shallow net-like ornamentation.
The apical plate’s tabulation was crucial to confirm the specimen as C. furcoides: the fourth apical
plate does not reach apex of epitheca (Figure 4).

C. furcoides was found in al 18 samples from Billings and only in four out of 18 samples
from Guarapiranga. Higher C. furcoides biomass was observed in Billings reservoir (Figure 3). In
Billings, C. furcoides biomass ranged from 0.2 to 5.7 mm® L™, comprising up to 44% of the mean
total biomass in B5. In Guarapiranga, C. furcoides biomass was lower, ranging from 0 to 2.6 mm?®
L™t and comprising up to 15% of the mean total biomass in G3. C. furcoides was not found in the
sampling spots G1 and G2, where low DO concentration, low maximum depth, high ammonium
and total phosphorous concentrations were observed. Additionally, in these two sampling stations,
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dominance of other species was observed (Sphaerocavum brasilienss and Peridiniopsis
cunningtonii), as mentioned previously.
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Figure 3: Tota phytoplankton mean biomass (n = 3, each sampling day per sampling spot) per taxonomical class and
Ceratium furcoides mean biomass (n = 3, each sampling day per sampling spot) in each sampling spot in (a)
Billings and (b) Guarapiranga reservoirs.

4 DISCUSSION

Billings and Guarapiranga reservoirs were physically, chemically and biologically distinct, as
shown by the PCA ordination. Billings exhibited a very homogenous environment, while
Guarapiranga was spatially heterogeneous along the branch longitudinal axis, displaying higher
nutrient content near the water inflow (sampling stations G1 and G2). Previous works have already
evidenced the spatia heterogeneity in Guarapiranga reservoir in relation to water quality
(CARDOSO-SILVA, 2008), metals in sediment (PADIAL, 2008) and in water (CARDOSO-
SILVA, 2008), and aquatic macrophytes (RODRIGUES; 2011).

C. furcoides biomass in Billings were high compared to those recorded by Santos-Wisniewski
et al. (2007) in the first report of C. furcoides in Furnas reservoir (Minas Gerais, Brazil) (maximum
mean density of 12 cells mL™). C. furcoides was first recorded in Billings in 2008 (CETESB,
2009). The authors suggested that the appearance of C. furcoides caused the reduction of
cyanobacteria density. Matsumura-Tundis et a. (2010) reported a C. furcoides bloom (535-21455
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cells mL™) in Taguacetuba branch (Billings reservoir) in 2008, period prior to this study. The
authors, pointed out as the possible cause of the C. furcoides bloom the turbulence induced by wind,
that caused the water column mixing, along with Ceratium cysts from the sediments and nutrients.
In the present study, high C. furcoides biomass was observed in Billings reservoir, long with low
cyanobacteria biomass and high nutrients concentrations. Further studies are required to explore C.
furcoides-Cyanobateria interaction in detail.

Figure 4: Ceratium furcoides (Levander) Langhans from Billings and Guarapiranga reservoirs. a) ventral view; b)
lateral view; c) ventral view with 4’ plate in detail (white arrow) in phase contrast.

Here, we reported the first occurrence of C. furcoides in Guarapiranga. Since 2000, water
from Billings (Taguacetuba branch) is pumped to Guarapiranga (Parelheiros branch) during the dry
season, when the water level of the last is low. Probably, C. furcoides population was transferred to
Guarapiranga during this pumping. The lower frequency and biomass of C. furcoides observed in
Guarapiranga, suggest that the colonization of C. furcoides in Guarapiranga is still in early stages
comparing with the colonization in Billings or that Guarapiranga’s environment is not convenient
for C. furcoides’ establishment and growth asit isin Billings reservoir.

An important observation is that in the only two sampling stations where C. furcoides was not
observed (G1 and G2), were the only two sampling spots where other phytoplankton species were
dominant (Sphaerocavum brasiliensis and Peridiniopsis cunningtonii, respectively). All other
sampling stations where C. furcoides was recorded, no dominance was observed. This fact can
suggest that C. furcoides population is important for the maintenance of the phytoplankton
community non-equilibrium (ROJO; ALVAREZ-COBELAS, 2003). Further studies are required to
investigate: (1) the interaction of this dinoflagellate with the phytoplankton and zooplankton
community; (2) how this species is being dispersed; and (3) what are the consequences of the C.
furcoides colonization for the water supply.

Invaders can alter fundamental ecological properties such as the dominant species in a
community and an ecosystem’s physical features, nutrient cycling, and primary productivity
(MACK et d., 2000). In this context, the presence of high densities of the invasive dinoflagellate C.
furcoides in tropical waters is of great concern, especialy in water supply reservoirs, such as
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Billlings and Guarapiranga. The water in Billings’s reservoirs (Taquacetuba branch) is not treated
nor managed before being transferred to Guarapiranga reservoir. Thus, monitoring should be
intensified, and more effective measures should be taken by the agencies responsible in order to
eliminate the causes of the eutrophication process, the consequent development of phytoplankton
blooms, and the transference of potential harmful organisms. Furthermore, the occurrence and
dispersal of C. furcoides needs be carefully monitored in tropical and subtropical reservoirs,
especiadly those where the colonization process is ill in early stages, such as Guarapiranga
reservoir. The findings in this project point out the need for further studies on C. furcoides
population in order to better understand its role in the ecosystem and, consequently, to prevent
possible alterations in the ecosystem ecologica properties and also, to prevent losses for human
activities, especially water supply.

ACKNOWLEDGEMENTS

This project was supported by the Coordination for the Improvement of Higher Level
(CAPES doctorate scholarship for the Paula Yuri Nishimura), by the S&o Paulo Research
Foundation (FAPESP project grant no. 2006/ 51705-0, 2008/00784-3, 2009/16652-1), and by the
National Council for Scientific and Technological Development (CNPg project grant no.
471404/2010-1). The authors thank al LabLimno-USP staff that helped in the field works and
laboratory analysis and the Department of Ecology from University of S&o Paulo for the technical
support.

REFERENCES

AROCENA, R. Optica. In: AROCENA, R.; CONDE, D. (Eds.). Métodos en ecologia de aguas continentales con
gjemplos de limnologia en Uruguay. Montevideo: Facultad de Ciencias, 2009. p. 24-33.

BALDWIN, D. S.; WHITTINGTON, J.; OLIVER, R. Temporal variability of dissolved P speciation in an eutrophic
reservoir - implications for predicating algal growth. Water Research, v. 37, p. 4595-4598, 2003.

BOLTOVSKOQY, A. Taxonomia y morfologia de los dinoflagelados: Métodos de trabgo. In: ALVEAL, K
FERRARIO, M. E.; OLIVEIRA, E. C.; SAR, E. (Eds.). Manual de métodos ficolégicos. Concepcion: Univ. de
Concepcion, 1995. p. 55-82.

CARDOSO-SILVA, S. Heterogeneidade espacial e a qualidade das aguas superficiais do reservatério
Guarapiranga (Sdo Paulo - SP - Brasil). 2008. Masters (Dissertation in Ecology) - Instituto de Biociéncias,
Universidade de S8o Paulo, S&o Paulo. 2008.

COMPANHIA AMBIENTAL DO ESTADO DE SAO PAULO - CETESB. Relatério de qualidade das aguas
interiores do Estado de Sao Paulo - 2008. Sdo Paulo: Secretaria de Estado do Meio Ambiente, 2009.

DI BERNARDO, L.; DI BERNARDO, A.; CENTURIONE-FILHO, P. L. Ensaios de tratabilidade de agua e dos
residuos gerados em estacdes de tratamento de agua. Sdo Carlos. Rima, 2002.

DOKULI, M. T.; TEUBNER, K. Steady state phytoplankton assemblages during thermal stratification in deep apine
lakes. Do they occur? Hydrobiologia, v. 502, n. 1, p. 65-72, 2003.

GRIGORSZKY, I.; BORICS, G.; PADISAK, J,; TOTMERESZ, B.; VASAS, G.; NAGY, S.; BORBELY, G. Factors
controlling the occurrence of Dinophyta speciesin Hungary. Hydrobiologia, v. 506-509, n. 1-3, p. 203-207, 2003.

HART, R. C. Temporal Dynamics and spatial perspectives of contemporary blooms of the dinoflagellate Ceratiumin a
subtropical South African Reservoir. Journal of Biology, v. 2, p. 159, 2007.

HART, R. C.; WRAGG, P. D. Recent blooms of the dinoflagellate Ceratium in Albert Falls Dam (KZN): History,
causes, spatial features and impacts on a reservoir ecosystem and its zooplankton. Water SA, v. 35, n. 4, p. 455-468,
20009.

HILLEBRAND, H.; DURSELEN, C. D.; KIRSCHTEL, D. Biovolume calculation for pelagic and benthic microal gae.
J. Phycal., v. 35, p. 403-424, 1999.

Pompéo et al. (Orgs.) Ecologia de reservatorios e interfaces, Sao Paulo : Instituto de Biociéncias da Universidade de S&o Paulo, 2015.

140



Capitulo 10 e Invasive dinoflagellate Ceratium furcoides

KOMAREK, J.; ANAGNOSTIDIS, K. Cyanoprokaryota |: Teil Chroococcales. Stutgart: Gustav Fisher Verlag, 1999.
548 p.

KOMAREK, J.; ANAGNOSTIDIS, K. Cyanoprokaryota I1: Teil Oscillatoriales. Miichen: Spektrum Akademischer
Verlag, 2005. 759 p.

LEGENDRE, P.; LEGENDRE, L. Numerical ecology. 2. ed. Amsterdam: Elsevier, 1998.

LEWIS, J. M.; DODGE, J. D. Phylum Pyrrophyta (Dinoflagellates). In: JOHN, D. M.;WHITTON, B. A.; BROOK, A.
J. (Eds.). The Freshwater Algal Flora of the British Idles: an identification guide to freshwater and terrestrial algae.
Cambridge: Cambridge University Press, 2002.

LOBO, A. E.; CALLEGARO, V. L. M.; BENDER, E. P. Utilizacdo de algas diatomaceas epiliticas como
indicadoras da qualidade de agua em rios e arroios da regiao hidrogréfica do Guaiba, RS, Brasil. Santa Cruz do
Sul: Edunisc, 2002.

LORENZEN, C. J. Determination of chlorophyll and pheo-pigments. Spectrophotometric equations. Limnological and
Oceanography, v. 12, p. 343-346, 1967.

LUND, J. W. G.; KIPLING, C.; CREN, E. D. The inverted microscope method of estimating algal humbers and the
dtatistical basis of estimations by counting. Hydrobiologia, v. 11, p.143-170, 1958.

MACDONAGH, M. E.; CASCO, M. A.;CLAPS, M. C. Colonization of a neotropical reservoir (Cérdoba, Argentina) by
Ceratium hirundinella (O. F. Mdiller) Bergh. Annales de Limnologie - I nternational Journal of Limnology, v. 41, n.
4, p. 291-299, 2005.

MACK, R. N.; SOMBERLOFF, D.; LONSDALE, W. M.; EVANS, H.; CLOUT, M.; BAZZAZ, F. A. Bictic invasions:
Causes, epidemiology, global consequences, and control. Ecological Applications, v. 10, n. 3, p. 689-710, 2000.

MACKERETH, F. J. H.; HERON, J,; TALLING, J. F. Water analysis: some revised methods for limnologists. Dorset:
Freshwater Biology Association, 1978. 121 p.

MATSUMURA-TUNDISI, T.; TUNDISI, J.; LUZIA, A.; DEGANI, R. Occurrence of Ceratium furcoides (Levander)
Langhans 1925 bloom at the Billings Reservoir, Sdo Paulo State, Brazil. Brazilian Journal Biology, v. 70, p. 825-829,
2010.

MOSCHINI-CARLOS, V.; BORTOLLI, S,; PINTO, E.; NISHIMURA, P. Y.; FREITAS, L. G. D.; POMPEO, M. L.
M.; DORR, F. Cyanobacteria and Cyanotoxin in the Billings Reservoir (Sdo Paulo, SP, Brazil). Limnetica, v. 28, n. 2,
p. 227-236, 2009.

MQOSS, B. The numbers of eutrofication - errors, ecosystem effects, economics, ventualities, environment and
education. Water Science and Technology, v. 37, n. 3, p. 75-84, 1998.

NISHIMURA, P. Y.; MOSCHINI-CARLOS, V.; POMPEO, M. L. M.; GIANESELLA, S. M. F.; SALDANHA-
CORREA, F. M. P. Phytoplankton primary productivity in Rio Grande and Taquacetuba branches (Billings Reservoir,
Sao Paulo, Brazil). Verhandlungen des Internationalen Verein Limnologie, v. 30, n. 1, p. 50-52, 2008.

OLIVEIRA, H. S. B.; MOURA, A. N.; CORDEIRO-ARAUJO, M. K. First record of Ceratium Schrank, 1973
(Dinophyceae: Ceratiaceae) in freshwater ecosystems in the semiarid region of Brazil. Check List, v. 7, n. 5, p. 626-
628, 2011.

PADIAL, P. R. Qualidade, heterogeneidade espacial e biodisponibilidade de metais no sedimento de um
reservatorio tropical urbano eutrofizado (Reservatério Guarapiranga, SP). 2008. Masters (Dissertation in
Ecology) - Universidade de S&o Paulo, S&o Paulo, 2008.

POMPEO, M. L. M.; CARDOSO-SILVA, S.; MOSCHINI-CARLOS, V. A deterioragio da qualidade das éguas
continentais brasileiras: o processo de eutrofizaco. Revista Saneas, n. 21, ago., p. 24-28, 2005.

POPOVSKY, J.; PFISTER, L. A. SuRwasserflora von Mitteleuropa: Dinopyceae (Dinoflagellida). Jena: Gustav
Fisher Verlag, 1990.

Pompéo et al. (Orgs.) Ecologia de reservatorios e interfaces, Sao Paulo : Instituto de Biociéncias da Universidade de S&o Paulo, 2015.

141



Capitulo 10 e Invasive dinoflagellate Ceratium furcoides

RODRIGUES, M. E. N. F. Levantamento floristico e distribuicdo de macroéfitas aquaticas na Represa
Guarapiranga, Sao Paulo, Brasil. 2011. Masters (Dissertation on Botany) - Universidade de S&o Paulo, Sdo Paulo,
2011.

ROJO, C.; ALVAREZ-COBELAS, M. Are there steady-state phytoplankton assemblages in the field? Hydrobiologia,
v. 502, n. 1, p. 3-12, 2003.

ROUND, F. E.; CRAWFORD, R. M.; MANN, D. G. The Diatoms: biology and morphology of the genera. Cambridge:
Cambridge Univ. Press, 1992. 758 p.

SANTOS-WISNIEWSKI, M. J.; SILVA, L. C.; LEONE, I. C.; LAUDARES-SILVA, R.; ROCHA, O. First record of
the occurrence of Ceratium furcoides (Levander) Langhans 1925, an invasive species in the hydroelectricity power
plant Furnas Reservoir, MG, Brazil. Brazilian Jour nal Biology, v. 67, n. 4, p. 791-793, 2007.

SOMMER, U.; SOMMER, F.; SANTER, B.; ZOLLNER, E.; JURGENS, K.; JAMIESON, C.; BOERSMA, M.;
GOCKE, K. Daphnia versus copepod impact on summer phytoplankton: functional compensation at both trophic levels.
Oecologia Brasiliensis, v. 135, p. 639-647, 2003.

SOTO, D.; LEMBEYE, G. Factores que determinan la presencia y florecimiento de Ceratium hirundinella en lagos del
sur de Chile: condiciones que impiden y facilitan la introduccion de esta especie. In: CONGRESO
LATINOAMERICANO DE FICOLOGIA, 5., 1999, Puerto Varas. Anais... Puerto Varas, 1999.

SOUZA, R. C. R;; CARVALHO, M. C,; TRUZZI, A. C. Cylindrospermopsis raciborskii (Wolosz.) Seenaya and a
contribution to the knowledge of Rio Pequeno arm, Billings Reservoir, Brazil. Environmental Toxicology and Water
Quality, v. 13, p. 73-81, 1998.

STRASKRABA, M.; TUNDISI, J. G. Gerenciamento da qualidade da agua de represas. volume 9. Sdo Carlos:
ILEC, IIE, 2000.

STRICKLAND, J. D.; PARSONS, T. R. A manual of seawater analysis. Bulletin Fish Research Board Canadian, v.
125, p. 1-185, 1960.

TUNDISI, J. G. Reservoir as complex systems. Ciéncia e Cultura, v. 48, n. 5/6, p. 383-387, 1996.

UTERMOHL, H. Zur vervollkommnung der quantitativen phytoplankton-methodik. Mitteilungen Internieationale
Verenigung fir Theoretische und Angewandte Limnology, v. 9, p. 1-38, 1958.

VAN DEN HOEK, C.; MANN, D. G.; JAHNS, H. M. Algae: an introduction to phycology. Cambridge: Cambrigde
University Press, 1997.

VAN GINKEL, C. E.; HOHLS, B. C.; VERMAAK, E. A Ceratium hirundinella (O.F. Muller) bloom in Hartbeespoort
Dam, South Africa. Water SA, v. 27, n. 2, p. 269-276, 2001.

WETZEL, R.G.; LIKENS, G. E. Limnological analyses. 2. ed. New Y ork: Springer-Verlag, 1991. 391 p.

WHATELY, M.; CUNHA, P. Seminario Guarapiranga: proposi¢ao de acles prioritarias para garantir agua de boa
qualidade para abastecimento publico. Sdo Paulo: Instituto Sociocambiental, 2006

WHITTINGTON, J.; SHERMAN, B.; GREEN, D.; OLIVER, R. L. Growth of Ceratium hirundinella in a subtropical
Australian reservair: the role of vertical migration. Jour nal Plankton Research, v. 22, n. 6, p. 1025-1045, 2000.

Pompéo et al. (Orgs.) Ecologia de reservatorios e interfaces, Sao Paulo : Instituto de Biociéncias da Universidade de S&o Paulo, 2015.

142



