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Abstract The purpose of this study was to verify

the longitudinal distribution of phytoplankton bio-

mass in two subtropical Brazilian reservoirs in the

State of Paraná and investigate intervening factors on

changes in phytoplankton biomass according to

functional groups. In the Capivari and Segredo

reservoirs, samples were obtained every 3 months

during 2002, along a longitudinal axis (fluvial,

transition, and lacustrine zones) at different depths.

One hundred and eighteen taxa were identified, with

Chlorophyceae as the most specious group. During

the study period, both reservoirs had mostly low

biomass values (less than 1 mm3 l-1). The short

retention time of these reservoirs constituted the

principal limiting factor to phytoplankton develop-

ment. Biomass values above 1 mm3 l-1 were

observed in the Capivari fluvial zone in March and

in the Segredo lacustrine zone in December, with

dominance by Microcystis aeruginosa Kütz (LM) and

Anabaena circinalis Rab. (H1), respectively. Vertical

and horizontal gradients of analyzed abiotic variables

and phytoplankton biomass were observed.

Considering the phytoplankton biomass values, both

reservoirs were oligotrophic for the duration of the

study. The Canonical Correspondence Analysis

(CCA) evidenced temporal and spatial gradients of

phytoplankton biomass; nevertheless, it did not

follow the classic model proposed for deep reser-

voirs, since higher biomass was registered in the

lacustrine zone during some months and in fluvial

zones during other months. Distinct functional groups

of phytoplankton characterized both studied reser-

voirs. Capivari Reservoir was best characterized by

LM and Y groups, indicative of its greater water

column stability and higher phosphorus concentra-

tion, whereas Segredo Reservoir was principally

characterized by the MP functional group, indicative

of its greater mixing zone extension and higher

nitrate concentration. The obtained results also evi-

denced the influence of morphometric conditions and

watershed purposes as important structuring factors

of phytoplankton biomass in these reservoirs.
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and alterations in light availability and nutrient

concentrations, which promote the occurrence of

vertical and longitudinal gradients of abiotic vari-

ables and phytoplankton in these systems (Kimmel

et al., 1990). In general, phytoplankton from deep

reservoirs present a longitudinal distribution pattern

with greater concentrations in the transition zone of

the reservoirs. In the fluvial zone, there is light

limitation despite nutrient availability, and after-

wards, the relative fertility of the mixing zone

decreases towards the dam because nutrient supply,

introduced by advective processes, reduces with

distance from the river inflow. Therefore, phyto-

plankton production becomes more dependent on

in situ nutrient regeneration (Thornton et al., 1990;

Armengol et al., 1999; Tundisi et al., 1999).

The phytoplankton in reservoirs is also influenced

by regional climate, hydrological and geomorpho-

logical regime, size and watershed purposes, trophic

chain structure, water retention time, and pulses

produced as level variations resulting from reservoir

operations (Tundisi et al., 1999).

Currently, the maintenance of sustainability of

reservoirs for multiple purposes is a challenge,

mainly due to the increased demand for potable

water and conservation of ecosystems and their

respective watersheds. However, changes in natural

river systems resulting from reservoir construction

have intensified problems related to water quality,

such as the increase in harmful algae blooms (Calijuri

et al., 2002). Predicting and mitigating the deteriora-

tion of this resource requires information about the

structure and dynamics of nutrients and communities

present in these ecosystems.

The delimitation of spatial gradients in reservoirs

allows for identification of parts of reservoirs that are

adequate for different purposes, such as fishing and

water supply. By readily indicating environmental

conditions and exhibiting conservative characteristics

superior to those of physical and chemical variables,

taxonomic and functional phytoplankton groups can

be efficient in characterization of these gradients, as

well as for the detection of undesirable environmental

scenarios (Nogueira, 2000; Reynolds et al., 2002).

Because of the absence of studies on longitudinal

distribution of phytoplankton in subtropical reser-

voirs, this study investigated the occurrence of a

longitudinal gradient in two subtropical Brazilian

reservoirs and whether the transition zone constitutes

the most productive zone for phytoplankton biomass.

This study also verified the efficiency of phytoplank-

ton functional groups in the characterization of

longitudinal gradients in reservoirs.

Materials and methods

Reservoirs from two hydroelectric power stations

(Fig. 1) situated in Southern Brazil (State of Paraná)

present distinct age and morphometry. Both present

water retention time of about 50 days, i.e., they are

classified in Category B according to the classifica-

tion proposed by Straškraba (1999). Regional climate

is characterized as subtropical humid (Maack, 1981),

with average annual precipitation of 1,900 mm and

average temperatures between 12 and 16�C in winter,

and between 20 and 23�C in summer (Júlio et al.,

2005). Segredo Reservoir is the second in the series

of reservoirs located at the Iguaçu River (Júlio et al.,

2005). The Iguaçu River is 1,600 km long and its

watershed covers about 72,000 km2 (Eletrosul,

1978).

Capivari Reservoir, located at the Capivari River

(Governador Parigot de Souza Hydroelectric Power

Station) is considered a headwater reservoir in

relation to its position along the river’s longitudinal

axis. Although it is considered a littoral watershed

reservoir, the Capivari River is a tributary of the

Ribeira de Iguape River, which had its water dammed

and diverted to the Parana littoral plain by the

Cachoeira River bed, also known as Capivari-

Cachoeira (Júlio et al., 2005). Table 1 summarizes

some available information for both reservoirs.

Samples were obtained every 3 months in 2002,

during dry (June and September) and rainy seasons

(March and December). Samples were taken at the

fluvial (F), transition (T) and lacustrine (L) zones in

each reservoir from the following levels: at the

subsurface (S); above the lower boundary of the

mixing zone (ZM); above the euphotic zone boundary

(Zeu); and near the bottom (Zmax). The limnological

variables, abundance of zooplankton groups and

phytoplankton attributes analyzed and their respec-

tive methodologies are listed in Table 2. Zooplankton

data is available in Velho et al. (2005).

The mixing zone (ZM) was estimated according to

the temperature profile of the water column, and the

Zeu:ZM ratio was used as a light availability index in
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the mixing zone (Jensen et al., 1994). Dominant

phytoplankton species were considered to be those

occurring in biovolume greater than 10% of the total

sample biovolume (Huszar & Caraco, 1998). Domi-

nant taxa at epilimnium were grouped in functional

groups (FG) according to Huszar et al. (2000),

Reynolds et al. (2002) and Padisák et al. (2006).

Using the PC-ORD program (McCune & Mefford,

1999), Canonical Correspondence Analysis (CCA)

(Ter Braak, 1986) was used to determine spatial and

temporal gradients, and to estimate the environmental

variables determining fluctuations in biovolume,

dynamics of phytoplankton species, and the influence

of zooplankton abundance.

Results

In both studied environments, mean values of air and

water temperatures were similar, although Capivari

Reservoir presented the lowest mean values, regis-

tered in September. Precipitation values were higher

from January to March and from October to

Fig. 1 Hydrographic map

of Paraná State, location

and morphology of Capivari

(Capivari River) and

Segredo (Iguaçu River)

reservoirs. Sampling

stations at each reservoir:

fluvial (F), transition (T)

and lacustrine (L) zones

Table 1 Principal characteristics of Capivari and Segredo

reservoirs

Reservoirs

Capivari Segredo

Damming year 1970 1992

Area (km2) 12.6 82.5

Drainage area (km2) 945 34,100

Volume (m3) 150,000,000 3,000,000,000

Retention time

(days)

48 47

Maximum depth

during study

period (m)

35 110

Municipality Campina Grande do

Sul/Bocaiúva do

Sul

Reserva do

Iguaçu/

Mangueirinha
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December 2002, but did not exhibit remarkable

seasonality during the study period (Figs. 2a, b).

Greater pluviometric indexes occurred in Segredo

Reservoir regions (Fig. 2b). As for mean concentra-

tions of dissolved oxygen, we did not observe clear

differences between reservoirs during the whole

study (Table 3).

Vertical gradients of temperature were verified, as

well as differences in euphotic zone depth in both

reservoirs. Capivari Reservoir was stratified during the

entire study period, except in the fluvial zone in

September. In this reservoir, considering the longitu-

dinal gradient, a subtle increase in water transparency

from the river towards the dam was registered in March

and September, and an accentuated increase of mixing

layer depth was seen in June and September (Fig. 2c).

In Segredo Reservoir, a clear distinction among

different zones in relation to mixing regime was

observed, except during June (Fig. 2d). In this

reservoir, a striking vertical temperature gradient

was registered in the transition and lacustrine zones.

A longitudinal water transparency gradient, which

was lower throughout the reservoir, was not observed

except in December, when Zeu:ZM ratio was high in

the transition and lacustrine zones. In September and

especially in December, there was higher light

availability in the mixing zone. Throughout the entire

study, Segredo Reservoir displayed the highest mean

values of TN and NO3 and the highest N:P ratios,

especially in September (Table 3 and Fig. 2d).

For both reservoirs, among analyzed abiotic

variables, nutrient concentrations (mainly NH4

Table 2 Methods of limnological variables, zooplankton abundance and phytoplankton biovolume

Variables Method Author

Air temperature (Ta) Portable thermometer

Water temperature (Tw) Thermometer coupled to an oximeter

Dissolved oxygen (O2) YSI oximeter

Mixing zone Up to start of thermocline

Euphotic zone 1% of incident light from surface,

measured using a radiometer

Alkalinity (alk) Mackereth et al. (1978)

Electrical conductivity (alk) Portable digital potentiometer

pH Portable digital potentiometer

Turbidity (Tur) Turbidimeter

Total phosphorus (TP) Golterman et al. (1978)

Soluble reactive phosphorus (SRP) Golterman et al. (1978)

Total nitrogen (TN) Mackereth et al. (1978)

Nitrate (NO3) Giné et al. (1980)

Ammonium (NH4) Mackereth et al. (1978)

Phytoplankton density Counting at random fields (100 fields

by sample, in average), using inverted

microscope

Utermöhl (1958) and APHA (1995)

Phytoplankton biomass Phytoplankton biovolume (mm3.L-1) obtained

by multiplication of population density by

individual volume

Cellular volume Applying cellular dimensions to formulae

for solid geometric shapes most closely

matching the shape of the cells

Edler (1979) and Wetzel

& Likens (2000)

Zooplankton groups abundance Counting using Sedgewick-Rafter chamber

under an optical microscope

Bottrell et al. (1976)

Pluviometric precipitation (pre) Agência Nacional de Águas (ANA) e

Companhia Paranaense de Energia

(COPEL)
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concentrations) and pluviometric precipitation pre-

sented higher variation coefficients (Table 3) during

the study period, due to greater differences in

nutrient concentrations between the surface and

the bottom. In both reservoirs, higher nutrient

concentrations were observed in deeper layers,

especially in the lacustrine zone. Capivari Reservoir

presented higher mean values of electric conductiv-

ity, alkalinity, turbidity, and NH4, TP and SRP

concentrations, as well as a higher Zeu:ZM ratio.

Higher values of these variables were recorded in

September in the three zones of the reservoir, except

the turbidity, whose higher values were registered in

December in the fluvial zone, and the Zeu:ZM ratio,

which was higher in June in the same zone (Table 3

and Fig. 2c).

Considering the analyzed nutrients (TP, PO4, TN,

NO3), turbidity, and dissolved oxygen, and the

decrease in values of these variables towards the

dam, Capivari Reservoir exhibited an evident longi-

tudinal gradient. Segredo Reservoir exhibited a less

evident longitudinal gradient, and displayed high

similarity in values of the above-mentioned variables

between the fluvial and transition zones. More details

about limnological features of these reservoirs were

described by Pagioro et al. (2005).

From the total samples, 118 taxa were identified,

and Chlorophyceae (35.6%), Bacillariophyceae

(21.2%), and Cyanobacteria (18.6%) were the most

specious groups. Segredo Reservoir presented 62

exclusive taxa from a total of 108 surveyed taxa,

while 56 taxa were observed in Capivari Reservoir,

10 of which were exclusive to this environment.

Values of phytoplankton biomass were low in both

reservoirs, less than 3 mm3 l-1, during the whole

study period (Fig. 3a, b). Higher values were

observed in the epilimnetic layer. As for longitudi-

nal gradients, Capivari Reservoir showed a decrease

in biomass values from the river towards the dam in

March and June, and an increase in December. In

September, the highest values were recorded in

the transition zone. Segredo Reservoir displayed a

Fig. 2 Precipitation values in Capivari (a) and Segredo (b)

reservoirs. Sampling days are indicated by arrows. Values of

maximum depth (Zmax), above the euphotic zone boundary

(Zeu), above the lower boundary of the mixing zone (ZM) and

euphotic zone and mixing zone ratio (Zeu:ZM), recorded in

different zones (F: fluvial, T: transition, L: lacustrine) in

Capivari (c) and Segredo (d) reservoirs, during study period
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biomass increase along its longitudinal axis during

most of the study period, except in June when the

highest values occurred in the transition zone.

In Capivari Reservoir, phytoplankton biovolume

values ranged from 0.002 mm3 l-1 near the bottom

of the lacustrine zone in March, to 2.6 mm3 l-1 at the

subsurface of the fluvial zone in the same month

(Fig. 3a). Cyanobacteria, Cryptophyceae, and Bacil-

lariophyceae were the greatest contributors to

biovolume. For Segredo Reservoir, values of phyto-

plankton biovolume ranged from 0.009 mm3 l-1 near

the bottom of the lacustrine zone in March to

2.3 mm3 l-1 at subsurface of the lacustrine zone in

December. Cyanobacteria and Bacillariophyceae

were the dominant groups (Fig. 3b).

Six functional groups were observed, and in some

cases co-dominance of species belonging to different

groups at the same period was also observed. In

Capivari Reservoir, LM, B, Y, and X1 groups were

observed, and in Segredo Reservoir, LM, X1, MP, and

H1 groups were observed (Table 4).

Canonical Correspondence Analysis (CCA) showed

significant scores for the first two canonical axes

(P \ 0.05), according to the Monte Carlo test (Fig. 4a,

b). The first two axes together explained 24% of the total

data variability. The first CCA axis discriminated both

reservoirs, and separated to the left of the diagram, with

greater scores dispersion, the Segredo Reservoir, influ-

enced by higher TN concentrations (-0.86), NO3

(-0.85), higher N:P ratio (-0.71) and higher biomass

values of Anabaena circinalis, A. solitaria, Aulacoseira

spp., and Urosolenia eriensis. Capivari Reservoir

was discriminated to the right of the diagram, influ-

enced by higher values of alkalinity (0.82), pH

(0.73), conductivity (0.84), air temperature (0.55),

greater abundance of rotifer (0.73), copepodites

(0.73), and Calanoida adults (0.64) (Table 5), as well

as higher biovolume values of Microcystis aeruginosa,

Discostella stelligera, and Cryptomonas spp.

The second CCA axis evidenced a temporal

gradient for Segredo Reservoir and particularly dis-

criminated December from the other months, as seen

in the lower left portion of the diagram, influenced by

a greater Zeu:ZM ratio (0.6). In this same month, a

longitudinal distribution was observed, with discrim-

ination between the transition and lacustrine zones.

For Capivari Reservoir, the CCA diagram evidenced

low scores dispersion and, in relation to longitudinal

distribution, the fluvial zone in September was

discriminated from the transition and lacustrine zones.

Table 3 Mean, maximum (max), minimum (min) values and variation coefficient (CV) of abiotic variables registered in Capivari

and Segredo reservoirs, during 2002

Capivari Segredo

Mean Min Max CV Mean Min Max CV

Air temperature (�C) 22.92 9.50 31.40 27.62 21.95 14.20 31.20 21.43

Water temperature (�C) 20.42 13.10 26.90 19.11 19.73 14.70 24.80 16.97

Electrical conductivity (lS cm-1) 72.52 55.40 119.90 17.60 42.93 34.10 57.60 16.69

Alkalinity (mEq l-1) 517.97 249.00 1043.00 34.36 237.69 99.06 409.50 33.48

Dissolved oxygen (mg l-1) 5.89 0.02 10.22 53.09 5.28 0.05 8.83 51.20

Turbidity (NTU) 4.35 0.15 20.80 122.96 2.62 0.60 5.13 52.76

pH 7.36 6.43 8.90 9.18 6.58 6.02 7.39 5.01

Total phosphorus (lg l-1) 22.33 6.98 70.05 66.31 13.88 5.57 22.6 31.28

Soluble reactive phosphorus (lg l-1) 2.89 0.60 9.29 79.31 2.67 0.30 7.64 71.64

Total nitrogen (lg l-1) 469.42 177.47 1341.27 53.88 605.16 312.79 894.37 25.10

Nitrate (lg l-1) 273.07 0.03 1286.48 100.44 538.81 11.05 885.99 40.81

Ammonium (lg l-1) 57.04 0.40 660.95 239.14 26.66 0.40 254.56 245.73

Pluviometric precipitation (mm) 1.59 0.00 6.75 117.77 1.50 0.00 6.70 149.68

N:P ratio 24.42 8.20 47.62 44.65 45.34 29.50 66.34 21.34

Zeu:ZM ratio 1.21 0.15 2.40 60.61 0.66 0.15 2.16 101.81

Nitrogen and phosphorus ratio (N:P) and euphotic zone and mixing zone ratio (Zeu:ZM)
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Discussion

The low values of phytoplankton biomass registered

in the studied reservoirs, even in the epilimnetic layer

with great light availability, can be explained by low

water retention time, as seen in other reservoirs

(Straškraba, 1999; Tundisi et al., 1999; Pivato et al.,

2006). In relation to trophic level, according to the

Vollenweider (1968) criteria and considering values

of phytoplankton biomass, both reservoirs are oligo-

trophic (\3 mm3 l-1), although, in relation to total

phosphorus concentrations, they were predominated

by mesotrophic conditions.

The total number of taxa observed in Capivari and

Segredo reservoirs is comparable to those registered

in other Brazilian reservoirs located in the Central

and Southern regions of the country (Nogueira, 2000;

Calijuri et al., 2002; Silva et al., 2005). Meanwhile,

for Segredo Reservoir, the total number of taxa

identified in this study was less than those observed in

this environment in 1994–1995, when 463 taxa were

registered (Ludwig et al., 1997), which can be

Fig. 3 Values of

phytoplankton biovolume

registered in Capivari (a)

and Segredo (b) reservoirs,

in different zones

(F: fluvial, T: transition,

L: lacustrine) and depths

(s: sub-surface,

Zeu: euphotic zone,

ZM: inferior limit

of mixing zone, Zmax: near

the bottom; coincidence

depth of Zeu and ZM:

Zeu = ZM, coincidence depth

of ZM and Zmax:

ZM = Zmax) during study

period

Hydrobiologia (2008) 607:63–74 69

123



explained by the lower sampling effort used in the

present study.

In both reservoirs, we observed the classic model of

longitudinal distribution of limnological variables

described by Thornton et al. (1990). This was more

evident in Capivari Reservoir and can be attributed to

different morphological features of the reservoirs,

since both presented similar retention time. The high

flow of Segredo Reservoir, expressed by the greater

extension of mixing zone, when compared to Capivari

Reservoir, probably hindered the delimitation of

transition zone, which displayed similar characteris-

tics as the fluvial zone during most of the study period.

Regarding phytoplankton biovolume, the reser-

voirs were more distinct from each other than among

analyzed zones. The absence of remarkable longitu-

dinal gradients for phytoplankton in most of the

months can be related to low Zeu:ZM ratios verified in

Segredo Reservoir during most of the study period. In

Capivari Reservoir, this absence of clear distribution

can be ascribed to the accentuated process of nutrient

settlement, occurring since the fluvial zone, due to

permanent water column stratification, which limited

phytoplankton development in the whole reservoir.

Although a clear seasonality of phytoplankton

biomass was not observed in the studied reservoirs,

considering the precipitation, greater concentrations

of rain in March and December can favor the increase

in phytoplankton biomass in Capivari and Segredo

reservoirs, respectively, due to greater input of

allochtonous nutrients. The increase in biomass

during the rainy season associated with increases in

nutrient concentrations was also recorded by Silva

et al. (2005) in the lacustrine zone from Segredo

Reservoir, and Nogueira (2000) in Jurumirim

Reservoir.

The dominance of cryptophyceans and diatoms

during most of the study period in Capivari Reservoir

reflected the hydrodynamic environment, which

favors the nanoplanktonic species with high repro-

ductive rate that recycle the nutrients in the

epilimnetic layer (Reynolds, 1997; Reynolds et al.,

2002). Dominance of Cyanobacteria during the rainy

season and Bacillariophyceae during the dry season

in Segredo Reservoir, was influenced by seasonal

temperature variations observed between these

periods, with higher diatom biomass during the

coldest months (June and September), as already

verified by Ludwig et al. (1997) and Silva et al.

(2005), in this same environment. Diatoms contrib-

uted more to biomass in Segredo Reservoir by virtue

of being adapted to high current flow and low light

availability (Reynolds, 1997) and, probably, due to

inoculum addition coming from the upstream stretch

and from tributaries where this group is commonly

found (Ludwig et al., 1997).

Table 4 Biovolume percentage of phytoplankton species with contribution higher than 10% and their respective functional groups

(FG), at epilimnetic layer in Capivari and Segredo reservoirs, during 2002

Taxons GF Occurrence

Microcystis aeruginosa LM Capivari (87% fluvial; 56% transition; 45% lacustrine—April–72%

fluvial—June)

Segredo (77% fluvial; 40% transition; 34% lacustrine—April)

Anabaena circinalis H1 Segredo (15% fluvial; 31% transition; 72% lacustrine—December)

Synechocystis aquatilis X1 Capivari (11% fluvial—September–17% fluvial—December)

Segredo (18% fluvial—December)

Cryptomonas sp. Y Capivari (64% transition; 30% lacustrine—June–19% fluvial; 71% transition;

35% z. lacustrine—September–40% fluvial—December)

Discostella stelligera B Capivari (16% transition; 18% lacustrine—April–17% lacustrine—June–

85% transition; 79% lacustrine—December)

Aulacoseira ambigua var.

ambigua fa. spiralis
MP Segredo (35% fluvial; 25% transition; 41% lacustrine—June–36% fluvial;

42% transition; 33% lacustrine—September–15% lacustrine—December)

Aulacoseira granulata var. granulata MP Segredo (30% transition; 14% lacustrine—June–47% fluvial; 37% transition;

33% lacustrine—September; 24% fluvial—December)

Aulacoseira granulata var. angustissima MP Segredo (17% transition; 16% lacustrine—June)

Urosolenia eriensis MP Segredo (14% lacustrine—September)
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The dominance of Aulacoseira granulata var.

granulata and Aulacoseira granulata var. angustissima

(MP) in Segredo Reservoir, was associated with higher

nutrient concentrations (especially nitrogen), lower

water temperatures and Zeu:ZM ratios, and conditions

of total water column mixing or when the extension of

the mixing zone was greater than 5 m. A. granulata is

common in tropical and subtropical reservoirs where,

during thermal stratification periods, it lies in sediment,

which constitutes a defensive and advantageous mech-

anism (Reynolds, 1999).

Aulacoseira ambigua is grouped by Reynolds et al.

(2002) in FG C in conditions of total water column

mixing, as it is sensitive to stratification. However, in

the present study, A. ambigua var. ambigua f. spiralis

occurred together with A. granulata var. granulata

and Aulacoseira granulata var. angustissima in

Segredo Reservoir, which suggests that these species

Fig. 4 Scores dispersion of

reservoirs and zones (a),

scores of phytoplankton

species biovolume, abiotic

variables and zooplankton

abundance (b) in the first

two CCA axes, in different

zones (F: fluvial, T:

transition, L: lacustrine) and

months in Capivari and

Segredo reservoirs, during

study period. Abundance of

rotifers (rot), Calanoida

copepodites (ccal),

Calanoida adults (acal),

subsurface (s), inferior limit

of mixing zone (ZM), and

other codes in Table 3
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have similar environmental requirements. Based on

that, we opted to establish these meroplanktonic

species in FG MP (Padisák et al., 2006).

We suggest a review of Urosolenia eriensis inser-

tion, originally belonging to FG A, which characterizes

transparent and oligotrophic lakes (Reynolds et al.,

2002), since in the present study, this species was

co-dominant with A. granulata var. granulata and

A. ambigua var. ambigua f. spiralis in mesotrophic

conditions and high turbidity. Moreover, the record of

these meroplanktonic species in conditions similar to

those seen in this study, as observed by Train &

Rodrigues (1998) and Bovo-Scomparin & Train (in

press), corroborates their insertion into FG MP.

Anabaena circinalis (H1) dominance at the epilim-

nium of Segredo Reservoir in December, especially in

the transition and lacustrine zones, can be explained

by the occurrence of water column stratification and

high nutrient and light availability in the mixing zone.

Blooms of this species are common in conditions of

thermal stratification (Westwood & Ganf, 2004;

Bovo-Scomparin & Train, in press).

Although Anabaena species have low ability to

change their vertical position in the water column, the

presence of aerotopes and a mucilaginous sheath

allow filaments to be maintained in euphotic zone for

long periods; consequently, these species can be

favored in conditions of nutrient availability in this

water layer (Nogueira, 2000; Reynolds et al., 2002).

Another factor that probably favored Anabaena

circinalis in December in Segredo Reservoir is its

competitive ability to reduce the pressure of zoo-

plankton predation due to its large size and

toxicogenic potential (Carmichael, 1997).

High values of Microcystis aeruginosa (LM)

biomass observed in Capivari Reservoir during

stratification conditions are ascribed to the ability of

this species to regulate its position in the water

column due to the presence of a mucilaginous sheath

and aerotopes (Ganf, 1974; Reynolds, 2007).

M. aeruginosa was also favored by high temperature,

low N:P ratios, and nutrient and light availability in

the mixing zone. Other authors have also verified the

favorability of the aforementioned conditions for

Cyanobacteria (Fujimoto et al., 1997; Marinho &

Huszar, 2002; Bovo-Scomparin & Train, in press).

The dominance of Cryptomonas sp., belonging to

the Y functional group, in Capivari Reservoir in

favorable conditions of total phosphorus and lower

light availability in the mixing zone denotes its

opportunistic feature (Reynolds, 1997; Rodrigues

et al., 2005; Train et al., 2005; Pivato et al., 2006).

The occurrence of Synechocystis aquatilis concomi-

tant with Cryptomonas sp. in mesotrophic conditions,

and also in reservoirs’ fluvial zones, enables the

insertion of this taxum into FG X1, as suggested by

Huszar et al. (2000).

Discostella stelligera (B) was dominant in Capivari

Reservoir in mesotrophic conditions and the mixing

zone up to 6 m. Although diatoms, in general, are

favored in low temperatures (Reynolds, 1997; Silva

et al., 2005), the biomass of Discostella stelligera was

probably limited by the short retention time of this

reservoir, and not by high temperatures registered in

December when its biomass values were greater,

indicating the eurythermic character of this species.

Zooplankton communities can negatively affect

phytoplankton by cell consumption, or positively by

nutrient recycling (Grigorszky et al., 1998). This

relationship is dependent on several factors, including

the composition and morphophysiological features of

algae (James & Forsyth, 1990). For the studied

reservoirs, we observed that greater abundance of

rotifers, copepodites, and Calanoida adults were

correlated to the biomass of nanoplanktonic species

with high reproductive rate. Bonecker et al. (2007)

also verified a correlation between these two com-

munities in other reservoirs from Southern Brazil.

Table 5 Mean values (for different depths collected) of total

zooplankton abundance (ind m-3) in different zones (F: fluvial,

T: transition, L: lacustrine) and months in Capivari and Segredo

reservoirs, during study period

Months Zonas Capivari Segredo

Mar F 146.517 1.476

Mar T 41.604 1.589

Mar L 23.150 18.784

Jun F 92.589 12.626

Jun T 12.349 14.341

Jun L 8.890 11.981

Sep F 15 15.793

Sep T 209.624 12.088

Sep L 42.773 23.986

Dec F 2.494 1.907

Dec T 203.469 3.087

Dec L 65.782 24.670

Velho et al. (2005)
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Functional groups of phytoplankton were efficient

indicators of environmental conditions, as observed

in other environments (Huszar et al., 2000; Reynolds

et al., 2002; Pivato et al., 2006; Bovo-Scomparin &

Train, in press), and can be used to indicate

limnological variables of different reservoir zones

and characterize reservoirs with distinct age, mor-

phometry, and watershed purposes. Capivari

Reservoir was characterized mainly by LM and Y

functional groups, indicative of its greater water

column stability and higher phosphorus concentra-

tion, while Segredo Reservoir was principally

characterized by the MP functional group, indicative

of its greater mixing zone extension and higher

nitrate concentration. The functional group H1 also

efficiently characterized the transition and lacustrine

zones of Segredo Reservoir during December, when

water column stratification, high Zeu:ZM ratio and

high nutrient availability were observed.

The occurrence of a longitudinal gradient with

higher phytoplankton biomass in the transition zone

was only observed in Segredo Reservoir in June, and

in Capivari Reservoir in September. This absence of

remarkable longitudinal gradients for phytoplankton

can be related to low Zeu:ZM ratios verified in Segredo

Reservoir during most of the study period, whereas in

Capivari Reservoir, this result was associated with

the accentuated process of nutrient settlement which

occurred since the fluvial zone. The obtained results

also evidenced the influence of morphometric condi-

tions and watershed purposes as important structuring

factors of phytoplankton biomass in these reservoirs.
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