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Figure 2. Water quality parameters and values of the Mann-Whitney test at points 1C, upstream, and 10, downstream Ibirité reservoir.
Figura 2. Parâmetros da qualidade da água e valores do teste de Mann-Whitney nos pontos 1C, a montante, e 10, a jusante do reservatório de Ibirité. 

Figure 3. Chlorophyll-a concentration along the period October 2007 and October 2008 at the three sampling points within Ibirité reservoir. 
Figura 3. Concentração de clorofila-a no período de outubro de 2007 a outubro de 2008 nos três pontos de amostragem dentro do reservatório de 

Ibirité. 
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During the entire sampling period, a total of 
169 phytoplankton algae species were registered, 
distributed in 11 taxonomic classes of which 
Zygnemaphyceae (49 species), Chlorophyceae (45 
species) and Cyanophyceae (35 species) were the ones 
that contributed most to the phytoplankton richness. 

The other classes showed the following species 
contribution: Bacillariophyceae (19), Euglenophyceae 
(11), Chlamidophyceae (3)  Dinophyceae (2), 
Crypthophyceae (1), Oedogoniophyceae (1), 
Raphidophyceae (1) and Crysophyceae (1), as shown 
in Figure 4. 

Figure 4. Contribution of the taxonomic classes to the total richness observed at the sampling points at Ibirité reservoir, municipality of Ibirité, MG, 
during October 2007 and June 2009. 

Figura 4. Contribuição das classes taxonômicas em relação á riqueza total observadas nos pontos de amostragem no reservatório de ibirité, município 
de Ibirité, MG, em outubro de 2007 e Junho de 2009.

Figure 5 presents the total phytoplankton richness 
in each sampled point during the entire studied 
period. The highest richness was observed at point 
10, with 257 species, followed by points 2, 3 and 4 
with respectively 227, 221 and 219 species. Point 
10, located downstream the reservoir can receive 
a contribution of more species originated from 
the reservoir besides those characteristic of lotic 
systems. The lowest richness value was registered at 

Taboões reservoir, taken for this study as a reference 
point, from where 175 species were recorded. This 
environment is shaded and oligotrophic, features that 
very likely limit the development of phytoplankton. 
At point 1C, upstream the reservoir, in spite of the 
non-treated and mainly domestic sewage, a total of 
179 species was registered, a value considered high 
in the phytoplankton community, although still lower 
than the one recorded at point 10. 

Figure 5. Total richness (absolute number of species) at each sampled point in October and December 2007, February, April, June, August, October and 
December 2008 and February, April and June 2009. 

Figura 5. Riqueza total (número total de espécies) em cada ponto de amostragem em outubro e dezembro de 2007, fevereiro, abril, junho, agosto e 
dezembro de 2008 e fevereiro, abril e junho de 2009.
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In terms of floristic groups the phytoplankton 
composition varied from a community numerically 
dominated by Cyanophyceae at point 1C to more 
equal communities between the divisions, as shown 
in Figure 6 for point 10. These results show the 
tendency of the biological community to once again 
present higher richness/diversity after the decrease of 
the eutrophication levels observed at the reservoir, 
evidencing the role of suspended matter retention, 
including nutrient elements thus demonstrating the 
reservoir’s role in improving water quality through 
this regulating service. 

Point 1C in 7 out of the 11 sampled months showed 
a higher relative abundance of Cyanophyceae (>80% 
of the average density); during February 2009, this 
class showed almost 100% of relative abundance 
at this point, contributing with 5,344.0 org/mL-1. 
Bacillariophyceae was most abundant in June 2009, 
June 2008 and April 2009, whereas Cryptophyceae 
was the most abundant class in October 2008, 
contributing with 90% of the total abundance (1,919.8 
org/mL-1) (Figure 6).

The Cyanophyceae class was the most abundant in 
April 2008 and April 2009, contributing with over 80% 
of the relative abundance and also in December 2007, 
contributing with over 50% of the relative abundance 
(Figure 6). The Chlorophyceae’s participation can be 
noted in more than half the samples at this point.

The phytoplankton’s richness was considerably 
higher at the point upstream the reservoir and the 
algae density (Figure 7) was altered by the reservoir’s 
presence. When comparing the phytoplankton 
community’s density at points 1C and 10 it can be 
noted that within the reservoir this community 
finds ideal conditions for the growth of its various 
populations such as high light intensity, high nutrient 
concentrations, high temperatures and higher water 
retention time. In 7 out of 11 samplings the algae 
density at point 10 is at least 104 times higher than 
at point 1C showing how the higher phytoplankton 
density within the reservoir is retained upstream 
the dam. At point 1C, despite the higher nutrient 
concentration and temperature light is probably limited 
due to the high turbidity caused by the large amount 

of suspended solids. The dark color of the stream at 
this point suggests the biologic community must be 
formed mainly by heterotrophic and decomposers 
organisms such as bacteria which isn’t favorable to 
the development of primary plankton producers.

All this large biomass will, at a certain time, 
decompose and release the stocked nutrients to 
the water column. Gonçalves & Resende (2009) 
comparing the decomposition of two aquatic 
plant species Typha domingensis and Eicchornia 
crassipes (water hyacinth) in Taboões and Ibirité 
showed that the decomposition coefficients found in 
Ibirité could be considered fast, mainly in respect to 
the water hyacinth. This species has lower levels of 
lignin and cellulose in its tissues compared to those 
of T. domingesis, compounds which are difficult 
to be decomposed thus explaining the differences 
in decomposition rates (Bianchini 2003). The high 
levels of nitrogen and phosphorous in the water are 
capable of accelerating the microbial metabolism 
of fungus and bacteria which in turn, can accelerate 
the degradation of the colonized plant tissues 
intensifying the velocity of decomposition at Ibirité 
reservoir.

Besides the rapid internal nutrient circulation 
due to the primary production and decomposition 
processes of the plant biomass artificial tropical 
reservoirs also have in their bottom sediment and in 
the interstitial water that flows through it, a gigantic 
stock of nitrogen and phosphorous (internal loading). 
Such stock may, under certain circumstances, be 
kept inert and isolated from the sediment or, in 
certain periods of the year, when the environmental 
and climate conditions alter, be brought back to 
the water column and contribute to the processes 
of eutrophication and aging of the water body. 
Depending on the conditions of the hipolimnium 
oxygenation, mainly at the water-sediment interface, 
phosphorous can be precipitated onto the sediments 
as ferric phosphate or, in conditions of anaerobiosis, 
be re-dissolved in the water column, as soluble 
reactive phosphorous, ready to be assimilated by the 
primary producers, as demonstrated by Mozeto et 
al. (2008) and showed in Table 1.
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Table 1. Percentage of total carbon (CT), total organic carbon (COT), total nitrogen (NT) and total phosphorous (PT) concentrations in the sediments 
of distinct compartments of Ibirité watershed, including Taboões reservoir.

Tabela 1. Porcentagem de carbono total (CT), carbono orgânico total (COT), nitrogênio total (NT) e fósforo total (PT) nos sedimentos de compartimentos 
distintos da bacia hidrográfica de Ibirité, incluindo o reservatório de Taboões.

Figura 6. Relative abundance and contributions of the phytoplankton classes (%) at points 1C (entrance of Ibirité stream) and 10 (downstream Ibirité 
reservoir) along the studied period.

Figura 6. Abundância relativa e contribuição das classes de fitoplâncton (%) nos pontos 1C (entrada do rio Ibirité) e 10 (a jusante do reservatório de 
Ibirité) durante o período de estudo.

Sample CT (%) COT (%) NT(%) PT (mg kg-1)
P02 2.85 2.51 0.49 1445.59
P03 3.35 3.00 0.53 1443.87
P04 2.21 1.84 0.43 1413.98
P1C 1.27 0.76 0.33 915.42
P10 0.47 0.07 0.32 189.98

Taboões 6.51 3.24 0.54 734.27
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Figure 7. Total phytoplankton abundance (ind.mL-1) at points 1C and 10, Ibirité reservoir, municipality of Ibirité, MG.
Figura 7. Abundância total de fitoplâncton (ind.mL-1) nos pontos 1C e 10, no reservatório de Ibirité, MG.

DISCUSSION

The monitoring of the physical and chemical 
variables  of the water and the phytoplankton 
community of Ibirité reservoir along two hydrologic 
cycles showed an intense environmental degradation 
and loss in water quality. However, an improvement 
of the water quality that leaves the reservoir is also 
clear as indicated by the lower nutrient concentration, 
higher oxygenation and substitution of floristic groups 
that indicate waters with organic contamination 
by other types of less enriched and/or eutrophic 
environments. 

Similar results were found by Barbosa et al. (1999) 
in studies in the reservoir cascade of middle/lower 
River Tietê assessing the effects of the sequence of 
7 reservoirs (cascade) on the physical, chemical and 
biological qualities of the water. In each reservoir 
changes were observed in the water characteristics 
caused by the discontinuity of the physical and 
chemical gradients of the lotic system, leading to 
a pattern of alterations entitled Cascade Reservoir 
Continuum-CRC.  All the alterations in the physical 
and chemical patterns observed at this continuum 
converged to improve the water quality downstream 
the River Tietê. Thus, a reduction of turbidity in the 
first reservoir was registered, followed by less intense 
decreases in this parameter in the six subsequent 
reservoirs.

The phytoplankton biomass and chlorophyll-a 
concentration increased in the first three reservoirs 

due to their high organic charge carried by River 
Tietê after receiving, amongst others, sewage from 
São Paulo, but decreased drastically soon after 
the third reservoir. In this forth reservoir, a change 
towards a more diverse phytoplankton community 
characteristic of oligotrophic environments occurred. 
The improvement in oxygenation of the waters 
throughout the cascade was also clear, mainly after 
the third reservoir. 

The algae community hence showed downstream 
the reservoir a numeric dominance of Chlorococcales 
and Desmidiales whereas the cyanobacteria had their 
numeric importance reduced to insignificant levels, a 
situation quite different from the upstream reservoirs, 
dominated by diatomacea and cyanobacteria (Barbosa 
et al. 1999).   

According to von Sperling (1996) the cost of 
implantation of a sewage treatment system, capable of 
reducing in c.40% the N and P water concentrations, 
partially and naturally done for free by the Ibirité 
reservoir can vary between UD$10 and UD$1200.00 
per inhabitant depending on the type of system used. 
The cheapest ones are those of facultative lagoon, 
anaerobic lagoon + facultative lagoon, aired lagoon, 
aired lagoon + decantation lagoon and the most 
expensive ones are the conventional iodine activated 
and bio discs.  Assuming the number of inhabitants of 
the municipality of Ibirité of 159,026 (IBGE, 2010) 
and the fact that none of them have sewage treatment 
it can be inferred that Ibirité reservoir realizes a 
service that, for its implantation alone (without the 
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maintenance costs) wouldn’t cost less than US$ 
1,590.000.00 an amount saved by the population or 
the public savings thanks to the regulation of the 
environmental services (water quality improvement) 
and provision (water supply).

Even if these services’ cost may contain 
estimative and scale errors it is undeniable that Ibirité 
reservoir contributes significantly to the water quality 
improvement as shown by the comparison of values 
measured at the reservoir’s entrance (point 1C) 
and just downstream (point 10). This information 
should be included in the reservoir´s recovery and 
management plans, particularly in the proposal of 
implantation of sewage treatment systems in the 
municipality, either by the construction and operation 
of an artificial wetland or by a conventional sewage 
treatment station (STS) since the dimensioning of 
such systems is directly affected by the reservoir’s 
efficiency in “retaining sewage and polluters” and 
liberating better quality water downstream the 
reservoir. Such efficiency depends, surely, on the 
amount of sewage that arrives at the reservoir which 
can be substantially reduced by building an artificial 
wetland just downstream point 1C as suggested by the 
technical-scientific report of Ibirité Project - Phase II 
(2009). 
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