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Cyanobacteria (Figure 1-3). However, the dominant total algal 
densities decreased markedly after consecutive days of rainfall, 
particularly in the period between 11th and 18th of October 
(Figure 3). The number of species (richness) and the diversity 
indices are presented in Figure 4. The highest richness and 
diversity occurred at site 1. 

Data about quality of water show that temperature of 
the water in the reservoir varied from 19 to 22 ºC, slowly 
rising over the spring. Warm water temperatures (about 
20 oC) are typical for the beginning of the rainy season in this 
tropical area and are considered favourable for the growth of 
phytoplankton. Water pH varied widely, from slightly acid to 
basic (5.86 to 9.45). Similarly, dissolved oxygen concentrations 
varied from 4.89 to 14.43 mg.L-1 (data not presented). High 
concentrations of DO are also common during the occurrence of 
bloom due to intense photosynthetic activity. Both pH and DO 
values were expected because these parameters are related to 
photosynthetic activities of the cyanobacterial bloom and other 
green-algae as well (Sotero-Santos et al., 2008). Cyanobacteria 
and phytoplankton blooms are likely to increase the pH when 
they take up CO2. 

Table 1 displays the mean values and standard deviations 
for nutrients (N and P compounds), chlorophyll a and SRSi 
concentrations in the surface water of Monjolinho Reservoir, 
from the two sampling sites (S-1 and S-2). Measurements of 
these variables were performed only at the surface level since 
the water column was homogeneous during most of the study 
period as evidenced by the temperature profi le (Figure 5) and the 
reservoir is shallow (max depth = 3 m). Seleghim and Godinho 
(2004) have stated that there is no persistent thermal or density 
stratifi cation in a shallow reservoir, such as Monjolinho. 

Figure 2 - Relative abundance (%) of the dominant species in the 
phytoplankton community in Monjolinho Reservoir (sites 1 and 2) during 

October 2004.

Figure 3 - Wind velocities (m.s-1) and precipitation (mm) registered in a 
Monjolinho Reservoir.
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Figure 4 - Richness and diversity (bits.organisms-1) variation in the 
phytoplankton community in Monjolinho Reservoir (site 1 and 2) during 

October 2004. 
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being accidentally discharged into the reservoir due the rupture 
of sewage pipe and obviously that fact also contributed to 
increase the nutrient levels in the reservoir in October 2004. 
Concentration of nutrients available for algal or cyanobacterial 
growth exhibited a temporal and significant variation and it 
showed difference among the sampling sites. 

Ammonium and nitrate mean concentrations in the 
upper part of the reservoir, at site S-1 (128.7 ± 93.3 and 49.9 ± 
19.3 µg.L-1, respectively) were much higher than the values 
recorded in the lower part of the reservoir near the dam, at 
site S-2 (39.2 ± 25.6 and 28.9 ± 12.5 µg L-1, respectively). 
The nitrogen analyses indicated that ammonium was the 
predominant nitrogen form in the Monjolinho reservoir in 
both sites. It is speculated that both Anabaena species could 
take advantage over other phytoplanktonic species through 
their ability to uptake ammonium. Cyanobacteria have been 
considered able to use nitrate, nitrite and ammonium as 
inorganic source of nitrogen by the so as N2 from N-fixing 
Cyanobacteria. However, when ammonium is available, it 
seems that these organisms do not assimilate others inorganic 
source of nitrogen (Ochoa-de-Alda et al., 1996). According 
to Von Rückert and Giani (2004) Cyanobacteria may compete 
with eukaryotes for nitrate and they also have better ability to 
the rapid use of ammonium when nitrate is no longer available 
in the environment, thus allowing them to suddenly increase 
their population and develop into a bloom.

Variations in phosphate data were not as clear as 
observed for nitrogen compounds. Inorganic phosphate mean 
concentration at site S-1 (21.0 ± 12.0 µg.L-1) was higher than 
that observed at site S-2 (13.5 ± 4.5 µg.L-1), but that tendency 
was not verified for organic phosphate where both sites exhibited 
concentrations relatively similar (10.3 ± 9.4 µg.L-1 at site S-1 
and 14.0 ± 2.9 µg.L-1 at site S-2). On the other hand the total 
nitrogen (724.9 ± 158.0 µg.L-1 at site S-1 and 881.5 ± 289.1 µg.L-1 
at site S-2) and total phosphorus (90.9 ± 25.8 µg.L-1 at site S-1 
and 104.1 ± 27.3 µg.L-1 at site S-2), which reflect both, nutrient 
available in the water plus the amount incorporated in biomass 
were only slightly lower in the upper part than near the dam. 

High nutrient concentrations were observed in the reservoir. 
Elevated nitrogen and phosphorus loadings revealed its intense 
trophic state, which is comparable to other eutrophic reservoirs 
such as Barra Bonita (Tundisi et al., 2008). In Monjolinho 
reservoir, nutrient inputs have been attributed to punctual 
(organic-industrial effluents) and non-punctual (agricultural 
runoff) sources. Additionally, untreated domestic sewage was 

Table 1 - Mean values and standard deviations (SD) for nutrients (N and 
P compounds, in µg.L-1), chlorophyll a (µg.L-1) and soluble reactive silica 

(mg.L-1) concentrations in the surface water of Monjolinho Reservoir 
during October 2004, in the sites S-1 and S-2. (NO2: nitrite; NO3: nitrate; 

NH4: ammonium; TN: total nitrogen; TDP: total dissolved phosphate; 
TIP: total inorganic phosphate; OP: total organic phosphate; TP: total 

phosphorus; SRSi: soluble reactive silica; TN/TP: total nitrogen and total 
phosphorus ratio and Chl a: chlorophyll a).

Variables Sites Mean and SD
NO2

- S1 15.4  ±  6.6
S2 8.2 ± 2.6

NO3 S1 49.9 ± 19.3
S2 28.9 ± 12.5

NH4 S1 128.7 ± 93.3
S2 39.2 ± 25.6

TN S1 724.9 ± 158.0
S2 881.5 ± 289.1

TDP S1 31.3 ± 12.0
S2 27.5 ± 6.7

TIP S1 21.0 ± 12.0
S2 13.5 ± 4.5

TOP S1 10.3 ± 9.4
S2 14.0 ± 2.9

TP S1 90.9 ± 25.8
S2 104.1 ± 27.3

SRSi S1 6.1 ± 1.1
S2 6.5 ± 0.7

TN/TP S1 8.2 ± 1.7
S2 8.4 ± 1.5

Chl a S1 39.1 ± 38.1
  S2 91.7 ± 54.9

Figure 5 - Isopleths of temperature (°C) registered in a Monjolinho Reservoir during October 2004 in the S-2 station.
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blooms among other conditions such as water column stability 
and presence of gas vacuoles in the majority of cyanobacteria 
cells (Mur et al., 1999). According to Reynolds (1999), the 
crucial factor for cyanobacterial dominance, comes from its 
ability to remain in suspension by regulating buoyancy and 
responding rapidly to favourable nutritional conditions. 

Chlorophyll mean concentrations at site S-1 (39.1 ± 38.1 µg.L–1) 
were much lower than at site S-2. (91.7 ± 54.9 µg.L–1). That 
fact was expected because cyanobacterial scum tend to be 
concentrated near to the shores and around the dam due water 
flux and wind action. Consequently, chlorophyll-a concentrations 
at S-2 could be overestimated when compared with to other 
parts of the reservoir. Statistical analyses revealed significant 

Total nitrogen/total phosphorus ratio greatly changed 
along the bloom occurrence (Table 1). The ratios were low at the 
beginning of the bloom, decreasing further after the occurrence of 
rainfalls triggering a change in the cyanobacteria dominance and 
returned to the initial levels at the end of the bloom (Figure 6). 
Phosphorus concentrations were particularly high at the time of 
the bloom establishment with N:P ratios around 8.0 (Table 1). 
Blooms of cyanobacteria are usually associated with stable 
conditions and high nutrient concentrations (Giani et al., 2005). 
Nitrogen-fixing species such as those of Anabaena genus have 
been found to be especially associated with high phosphorus 
availability (Smith, 1983; Downing et al., 2001). Low N:P ratio 
has been considered as a stimulatory factor to cyanobacterial 

Figure 6 - Concentrations of nutrients (µg.L-1) and SRSi (mg.L-1) in the surface water of Monjolinho Reservoir during October 2004, in stations S-1 and S-2 
(S-1= bar black, near the river inflow and S-2= bar gray, near the dam).
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spatial variation (p < 0.05) between sampling points only for 
nitrogen compounds and chlorophyll a. Most limnological 
variables analyzed showed no significant temporal variation 
(p > 0.05), except for temperature, pH, DO and SRSi. Water 
transparency varied between 20 and 50 cm (data not presented) 
but no correlation was found between Secchi readings and 
chlorophyll a concentrations.

Climate events and physical and chemical conditions 
driven by them appear as forcing functions that favor the bloom. 
Historically, the dominant climate conditions in Monjolinho 
Reservoir during August and September months has been 
characterized by the highest wind velocities in the year and 
rising temperatures from September onwards. A wind force of 
6 m/s has been suggested as sufficient to promote turbulence 
in the whole water column, or at least in a great volume of the 
reservoir with important mixing consequences on the vertical 
distribution of dissolved oxygen, turbidity, and water temperature 
(Tundisi et al., 2002). In the present study, climate events were 
somewhat different in 2004 (see Figure 3). It is speculated that a 
combination of moderate winds and increasing temperatures in 
early October allowed thermal stratification development in the 
Monjolinho Reservoir, possibly favoring the growth of Anabaena. 
Moreover, the Monjolinho Reservoir has been considered 
plenty of nutrients round the year (Bianchini; Antônio, 2000), 
as also observed for the majority of the shallow eutrophic and 
tropical systems. Our results suggested that nutrient loading, 
warm water temperature and water column stability were 
relevant environmental factors that influenced cyanobacterial 
dominance in the Monjolinho Reservoir. Anabaena species are 
also favored in low mixing depth ratios (Zm < 1). 

Anabaena species are S-strategists (Reynolds, 1997) being 
stimulated to grow under high light intensities and thermal 
stability. A delay of the rainfalls with prolonged reservoir 
stability coupled with nutrient availability and increasing 
temperature seem to be the combination of weather events 
and/or physical and chemical factors that triggered the unusual 
growth of Anabaena populations in Monjolinho Reservoir. The 
arrival of rainfalls by middle October induced temperature 
drop, nutrient dilution and wash-out and broke up the thermal 
stratification. Although Anabaena spp. was still dominant, other 
groups of algae such as chlorophyceans and diatoms increased 
their abundance. On the other hand, the Anabaena bloom was 
quickly re-established as soon as rainfall stopped and stable 
conditions returned in late October. 

Regarding the toxins analyses, neurotoxins (saxitoxin 
and gonyautoxin) were not detected in cyanobacterial samples 
collected during October 2004. On the other hand, microcystin 
was found in both water (ranging from 28 - 45 µg.L-1) and 
natural cyanobacterial samples (138 to 445 µg.g-1 dry weight 
freeze-dried cyanobacteria). Anabaena crude extracts prepared 
from the cyanobacterial material collected in the reservoir caused 
acute toxicity to both cladocerans and mice (Sotero-Santos et al., 
2008), indicating that toxins released are potentially capable of 
killing aquatic invertebrates, fish and eventually other animals 
such as capybaras, herons and other birds which could drink 
water from reservoir. Currently the Monjolinho Reservoir has 
as function to improve or beautify the landscape of the UFSCar 

campus and it has been used as water supply only for wildlife 
consequently the water quality should be environmentally 
monitored and preserved. Detecting the occurrence of a toxic 
bloom in an aquatic ecosystem is only a first step in researching 
this phenomenon. Additional efforts must be made to develop 
environmentally correct strategies for eutrophication control 
in reservoirs such as Monjolinho.
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