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RESUMO: Distribuigac longitudinal da comunidads fitoplancténica em uma represa tropical (Ame-
joana, Estado de S#o Paulo, Brasil). O trabalho apresenta © estudo da heterogeneidade espacial da
romunidade fitoplanctdnica resultante das diferentes condicdes ambientals encontradas no inver-
10 de 1997 e no verdo de 1998 na represa de Americana {S&0 Paulo, Brasll). A represa estd localiza-
ia em drea de grande desenvolvimento econdmico e Industrial e seu principal tributdrio recebe, a
nontante, lancamentos de esgotos sanitérlos e industriais sem tratamento. Com 0 objetivo de iden-
ificar quals os principais fatores responsdvels pela distribuicio longitudinal do fitoplancton, as co-
etas foram feitas em 25 estagoes ao longo da represa. As diferengas mais significativas quanto a
sssa distribuicdo foram verificadas nas estagbes mais distantes da barragem, nas quais houve
nalor influéncla do Rio Atibala, que contribuiu com grandes cargas de particuias em Suspensao e
nutrientes para o sistema. Nestas estacoes observou-se a domindncia de Chlorophyceae, sendo
Monoraphidiumn griffithii a espécie que mais contribulu, em biovolume, para a blomassa nos dois
periodos amostrados. Nas estagoes com caracteristicas mals lénticas, proximas & barragem, houve
domindncia de Cyanophyceae, com malor contribuicao de Microcystis aeruginosa, nos dois perio-
dos amostrados. Os gradientes horizontals das varidveis ecoldgicas (material em suspensao, con-
centracio de nitrogénio e fésforo) e de domingncla das classes fitoplanctdnicas encontradas evi-
denclaram o estagio final de sucessio que este ambiente apresenta.

Palavras-chave: Estrutura de comunidade fitoplanctdnica, biovolume, represa hipereutrdfica, distri-
bulgao herizontal.

ABSTRACT: Longitudinal phytoplanktonic community distribution in a tropical reservolr (Ameri
oans, $&0 Paulo, Brazil). A study on the spatial heterogeneity of a phytoplanktonic community was
camed out after an Intensive sampling during two days (30 June 1997 and 22 January 1998) In
Ameticana reservoir (Sa&o Paulo, Brazil). This reservolr is jocated in an area of extensive economic
and Industrial development and its main tributary receives untreated wastewater from both municl-
pal and industrial sources. From the 25 sampling stations along the reservoir longitudinal axis,
phytoplankton and water samples were coliected in order to identify the phytoplanktonic horizontal
distribution. The most significative differences in the spatial heterogeneity were found in the upstream
statlons near the reservoir headwater, where a high load of suspended pariicles and nutrients s
introduced mainly by the Atibala rivet. At these stations, Chlorophyceae dominance was detected in
the two periods of the year and, in terms of biovolume, Monoraphidium griffithii was the most important
for the phytoplankton biomass. In the lentic zone (near the dam), Cyanophyceae predominated and
the greatest coniribution to blomass was from Microcystis aeruginosa. The horizontal distribution of
both ablotic variables and dominant phytoplanktonic classes showed the final stage of succession
In this hypertrophic reservoir.

Key-words: Phytoplankton community structure, blovolume, hypertrophlc reservoir, horizontal
distribution.

Introduction

The different zones along a reservoir are due to physical, chemical, and blological characteristics
pecullar to water from which longitudinal gradients can be identified (Thomton et al., 1990).

Through the river, the upstream zZone receives continuously a load of nutrients
and particles from the drainage basin. Phytoplanktonic primary productivity s limited
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by light due to high concentrations of suspended matter. In the lentic zone, with increased
water transparency and high light penetration, the production of autochthonous organic
matter predominates (Kimmel et al., 1990). According to Thornton et al (1990), the
advective supply of nutrients carried by the river is reduced since the Intermediate
zone of the reservoir and the phytoplanktonic production depends on in situ regeneration
of nutrients. In eutrophic systems, the internal load of nutrients is highly significative
for both, growth and spatial distribution of phytoplankton (Garcla-Gil & Figueiras, 1993).

The distribution of phytoplankton communities In reservoirs is limited not only by
temporal but also by spatial scales, since longitudinal alterations of abiotic factors
cause different effects on organisms.

Growth strategies of algae are determined by selected patterns of environmental
conditions which vary with time. These strategies make It possible to explain and even
to predict conditions which allow a specific group to predominate (Reynolds, 1988).

Seasonal changes and dam operation may produce marked effects, or “pulses”, in
reservolrs, such as input of suspended particles caused by increased rainfall. Other
factors, such as increase of turbulence generated by wind and variations in theoretical
water retention time during the year also contribute to the pulse effect in reservolrs
{Calijurl, 1099).

There are several studies on temporal variations in reservoirs, but information on
spatial heterogenelty have been limited to the vertical axls (Richerson et al, 1978).
According to Legendre & Demers (1984), in a phytoplanktonic community dynamics
study, temporal and spatial (on both vertical and horizontal axes) scales must be
considered simultaneously.

In the hypertrophic Americana reservoir., we studied the horizontal phytoplanktonic
community distribution in order to show which ablotic factors determine community
structure and, consequently, reservoir compartmentalization.

Material and Methods

Americana reservoir, formed by the damming of Atibaia river in 19490, is located In
the State of Sdo Paulo at 22° 44' S, 44° 19' W, at an aliitude of 530 meters ASE (Fig. 1).
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Figure 1: The sampling statlons in Americana reservoir (Sdo Paulo, Brazil).
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According to the classification proposed by Straskraba (1999), It is a smali reservoir
{11.5 km? with Intermediate outflow, or class B (average annual theoretical water retention
time of 57 days). For this study, water samples were taken from an integrated column
from 25 stations along the longitudinal axis of Americana reservoir during two days (30/
6/19907 and 22/1/1998).

Meteorological data at Americana reservoir (wind, air temperature, and pluviometric
precipltation) and outflow data used to calculate theoretical water retention time during
the collection periods, were made available by the CPFL (Companhia Paulista de Forca
e Luz). wWater transparency was measured with a Secchi Disk.

In the laboratory. suspended matter was determined according to Teixeira et al
(1965). Ammonium (NH,-N}, total dissolved (TDP) and inorganic phosphate (poi‘_l)).
nitrate (NO,-N}, nltrite (NO_-N), and reactive silicate (510,) were respectively determined
by the methods of Koroleff (1076), Strickland & Parsons (1960), Mackereth et al. {(1978),
and Golterman er al. (1978). The trophic state index was calculated according to Kratzer
& Brezonik (1981).

Organism Identification was made through an inverted mlcroscope (Zeiss), and
counting by the Utermdhi (1058) method. The settling sample volume varied from 5 to 20
ml, depending on phytoplanktonic density. Sedimentation time was of ar least three
hours (wetzel & Likens, 1991).

The individuals, cells, colonies, cenobios, and filaments, were enumerated in
crossed transect and the fields were counted until a stabilization curve was reached.
Relative abundance was estimated using the McCullough & Jackson {1985) procedure.
The blovolume determination of predominant species in the sample was made using
geometric equations {(weizel & Likens, 1901). Ccompartmentalization of the system was
determined by the similarity index between ablotic and biotic variables.

Results

Table 1 presents the mean air temperature (°C), total preclpitation (mm)., average
outflow (m3s), and theoretical water retention time (days) for Americana reservoir during
the collectlon periods in the winter of 1997 and summer of 1998. Outflow, precipitation,
and theoretlcal water retention time were practically the same when the two sampling
periods were compared.

Table I: Meteorological dates, outflow and water retention time during the collection periods In Americana reservoir.

Average Air - Average Water
Seasons Avora(gn:’:;llﬂow UL LU P(':.‘::‘;'““o" Toemperature Retention Time
{-C} {days)
Dry Season 33 125 18 37
Rainy Season 37 121 28 33

Significant alteratlons in the euphotic zone and water transparency occurred
in the two periods (Fig. 2 a and b). The largest values were found in the dry period.
A longliudinal pattern of increasing Secchi Disk and of the euphotic zone towards
the dam was observed In the two periods,

The longltudinal distribution of the suspended matter showed a decline
towards the dam. The highest values were recorded in the stations near the main
tributary inlet. A similar pattern for both fractions was detected (Fig. 3 a and b}.

Table II shows, as expected, a decrease In dissolved and total phosphorus
and nitrogen concentration from upstream zone to the dam, except for total
dissolved phosphate in the rainy season,

Higher phytoplankton density values were found in the rainy period when
compared to the dry period (Fig. 4). Cyanophyceae contributed most to community
biomass density in both periods, but in the dry season Cryptophyceae and
Chlorophyceae contribution was greater than In the rainy season, representing
40% of the total community (Fig. 5 a and b).
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Table I1I: Longitudinal nutrient distribution ¢total and dissolved) between statlons 2 and 25, during
the collectlon periods in Americana reservoir

Dry Season Rainy Season
Nutrient Station 2 Station 28 Station 2 Station 25
NH, - N {pg/))* i.500 280 600 74
NO, - N (ug/ly* 1,900 1.400 1.400 1,200
NO, — N (pg/l}* 270 50 180 32
TDP {(pg/y 150 25 72 77
rod--p (RGN o0 a 41 30
S,0, (mg)* ] 5 3 2

+ Ammonium (NH,-N): nitrate (NO,-N); nitrite (NO,-N); total dissolved phosphate (TDPy; inorganic phosphate:; a-cﬂ' -m and
reactive silicate (SiO,).

The phytoplanktonic biomass was represented by Monoraphidium griffithii
(Chlorophyceae), Cryptomonas lobata (Cryptophyceae), and Microcystlis aeruginosa
{Cyanophyceae). The first two specles presented higher density in the stations near
the main tributary inlet: Monoraphidium griffithil predominated in the dry period and
the Cryptomonas lobata contribution was limited to the rainy season in these stations.
Microcystis aeruginosa dominated in the statlons near the dam in the two periods
(Fig. 6 a and b).
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Flgure 6: Longitudinal distribution of the dominant species blovalume {mm?l} In the dry {a) and ralny (i) seasons.
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Americana reservolir presented a hypertrophic state along the longitudinal axis
during the rainy period {Fig. 7). A small decline in the trophic Indexes towards the
dam was observed in the dry season and, as expected, typically mesotrophic
condltions were found at station 25.

757
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’$s 71
01 2 3 45 67 8 91011121314 1516 17 1819 2021 22 2324 25

Stations

Figure 7: Longitudinal distribution of the state trophic Indexes In the dry (a) and rainy (b) seasons.

Discussion

A reservolr dynamic is usually linked to dam operating mechanisms, such as alteratlons in
outflow and spillage. Hence, these systems show relatively high physical instability and the behavior
of each variable results from complex and independent processes depending on the dam operation
{Ford, 1990). The hydrodynamic differences arising from locations, morphometry, and the main
functions of a given system lead to horizontal and vertical gradients of particle and nutrient distribution
which produce different ecological characteristics modifying the phytoplankionic community structure,

The hypertrophic Arnericana reservoir showed Cyanophyceae blomass (mainly Microcystis
aeruginasa) dominance in the two petiods, The distribution of different strategist species is presented
in Table . This pattern was observed in the two periods and two compartments were identifled: an
area where C-strateglst species (Monoraphidium griffithih predominated, and another where S-strategist
species (Microcystis aeruginosa) presented high densities. Furthermore, Cryptornonas lobata (R-
strategist) predominated at some stations located near tributary mouths, such as station 3, 4, and g.

when we compared the similarity index between the ablotic and biotic variables (Fig. 8), we
observed two well-defined companments: the stations 2, 3, 4, and 5 showed differences In the two
sampling perlods when compared with the other stations, which made up the second compartment.
These compartments, considering phytoplankton composition, were also observed (Table 1),

In Guarapiranga reservoir, Beyruth (2000) observed that Cyanophyceae growth occurs during
wamer periods, when mixing of the water column is reduced, nutrlent input occurs, and density
Increase Is due not only to enrichment of nutrient from the watershed but aiso to in situ regeneration.
In Americana reservolr, Cyanophyceae relative abundance was 98% of the phytoplanktonic community
in the two periods and could be assoclated with the high temperatures in the rainy season and
reduced mixing in the epilimnetic region. During the dry season, anoxia in hypolimnton
Is a condition that contributes to nutrient increase, mainly to phosphorus flux from
sediment into the water column.

The phytoplankton distribution In Americana reservoir was assoclated with spatial
variability of abiotic factors along the longitudinal axis. According to Thornton et al
{1990), upstiream stations in reservolrs are characterized by greater turbulence, high
amounts of suspended particles, and consequently decreased depth of the euphotic
zone. In Americana reservolr, Monoraphidium griffithli, a C-strategist, dominated
the stations. These organisms present high growth and resplratlon rates, and elevated
nitrogen, phosphorus, and light intensity requirements. Moreover, being minute

immobile cells (usually less than 50um), these organisms are favored by shallow
areas and reduced mixing (Calljurl, 1899),
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Overall, composition changes were not observed in the phytoplanktonic community
between samplings days. However, Cyanophyceae, the community representative,
showed total density increase towards the dam during the study periods.

According to Paerl (1088), Cyanophyceae growth improves in stable systems since
these organisms present physiological and morphological mechanisms for maintaining
a vertical position. These include aerotropes, allowing f{lotation alterations, density
reduction, and mucilage production to protect these organisms from high luminosity
levels. Furthermore, the Cyanophyceae increase appears to be directly related to other
variables llke low N/P ratio, high water temperature, low light availability, and greater
nutrient supply (Paerl, 1988; Reynolds, 1907).

In studies of temperate lakes with different trophic levels, Huszar & Caraco (1998)
found a positive relationship between pH values and Cyanophyceae density. Of the six
studied lakes, two were polymytic, shallow (from 4m - 8m depth), and highly eutrophic
and mesotrophic. During the hottest season, the lakes presented similar biomass but
larger than In the other four systems. In Americana reservolr, water temperature was
very high in the rainy season, and a significant contribution of Cyanophyceae to total
density was observed. The pH values were also higher, and a positive relationship with
biomass was observed (Huszar & Caraco, 1098).

Cyanophyceae and Cryptophyceae can live in low light levels, characteristic of
the rainy season, when higher levels of suspended matter cause significant reduction in
light penetration. However, Cryptophyceae are less tolerant to pH increase and were
replaced by Cyanophyceae, when stable condltlons in the water column predominated
(Klaveness, 1088; Reynolds, 1984). In Americana reservoir, Cryptophyceae dominance
was dreater In the dry season than in the rainy one when percentages of class
contributions along all the stations sampled were compared.

Systems with low nitrogen and phosphorus concentrations are harmful 1o
Monoraphidium griffithil, Microcystls aeruginosa, and Cryptomonas Iobata, whereas
shaillow depths favor thelr development (Reynolds, 1997). This sltuation was observed
in Americana reservolr, a shallow system with significant sediment and nutrient input
and high turbidity in water. In the dry period, M. griffithii increased when suspended
particles dimlnished. wWhen there was an increase of suspended particles, the
contribution, in the shallowest depth stations, of M. griffithii was smaller than that of M.
aeruginosa and C. lobata. in the dry period, the input of suspended material was smaller,
the euphotic zone increased, and larger biovolumes of M. griffithii at the stations near
the main tributary inlet were detected.

Another factor affecting phytoplankton composition s the rotifer/crustacean ratio
{Reynoids, 1997). When it was smaller than 4, the greater density of zooplanktonic
crustaceans (cladocerans and copepods) leads to Microcystis density increases.
However, when the ratio is high, Cryptomonas and Monoraphidium can grow significantly.
According to a study on zooplanktonic distribution in Americana reservolr (Zanatta,
1990}, the greatest rotifer density was found at the upper stations where Cryptomonas
and Monoraphidium were dominant, and cladocerans and copepods increased In density
towards the dam where Microcystis predominated.

Due to the association between the water body eutrophication and phytoplankton,
much of the research has focused on ldentifying pattemns in the structure of the community
and its relationship to the trophic state. Most of the research (Seip & Reynolds, 1995;
watson et al, 1997; Dasi et al, 1998; Reynolds, 1998; Trifona, 1098) has showed a
relationship between physical and chemical varlables, and phytoplankton distribution
and abundance. According t¢ Reynolds {1908), the trophic gradient is not attributable to
a single factor, but is rather a result of a set of environmental conditions, since different
nutrient and particle loads affect both the avallability and intensity of other factors,
e.g.. light and carbon dioxide.

In two systems with different trophic state, Negro et al. (2000) found that, although
Cyanophyceae were dominant, each species makes a different contribution. In the more
eutrophic lakes, nitrate storage during the summer favored the development of Anabaena
sp. The emergence of heterocited Cyanophyceae in the other poorer systems was
attributed to increased phosphorus concentration.
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Table 11I: Distribution of different strategist species In Americana reservolr, in the dry and rainy seasons. (C: M. griffithi, R:
C. iobata, S: M. acruglnosa).
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Figure 8: similarity index between biotic and abiotic variables in the dry (a) and rainy {b} seasons. (Sindle linkage and
Euclidean distances).
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Due to the limited number of studies on horizontal distribution of phytoplanktonic
communities, this work represents a useful contribution because it shows that a highly
impacted system, such as Americana reservoir can be divided, according to the
phytoplanktonic community structure, Into two compartments: the lotic region, where
M. griffithil (C-strategist) predominates, and the lentic region, dominated by M, aeruginosa
{S-strategist).

In the two periods, the dominant class was found to be Cyanophyceae, with M.
aeruginosa making a large contribution to the blomass. This finding can be considered
a characteristic of the final stage of succession presented by Americana reservoir
(Saoc Paule, Brazil).
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