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Abstract Changes to the structure of the phyto-

plankton community and to the physical and chemical

variables of the water were investigated in oxbow

lakes with different levels of connection to a tropical

river and subject to annual hydrological pulse varia-

tions. The selected lentic environments are located at

the mouth region of the main tributary in a reservoir

built for water storage and electric power generation.

The temporal variation of phytoplankton in the studied

lentic environments can be attributed mainly to the

hydrological level of the river. A similar variation

pattern of the ecological attributes was observed in the

structure of the phytoplankton community in the

connected lakes and Paranapanema River, evidencing

the high degree of association that the lacustrine

systems maintain with the river. The highest values of

richness and diversity for connected environments

were observed at the end of the emptying period and in

the drought. However, considering the isolated lake,

the highest values of these attributes were recorded

during the flooding period.

Keywords Temporal variation � Hydrological

pulse � Oxbow lakes � Phytoplankton

Introduction

Wetlands, consisting of a river channel, islands,

tributaries, oxbow lakes, and floodplains, form a single

ecological unit, know as a ‘‘river–floodplain system’’

(Junk et al., 1989), which is functionally dependent on

the horizontal flow of water (Junk, 1997; Neiff, 2003).

Oxbow lakes are very important in the floodplain

because they play a great role in the maintenance of the

biodiversity of wetlands and present a high variety of

ecological niches for aquatic organisms (Thomaz et al.,

1997; Rodrigues et al., 2002; Taniguchi et al., 2004).

These water bodies are considered rather complex

environments, and the mechanisms that affect their

metabolism are still much debated. However, the

annual variation of the river level is a predominant

controlling factor in these places (Domitrovic, 2003;

Henry, 2005; Granado et al., 2009; Mihaljevı́c et al.,

2009; Henry et al., 2011). According to Thomaz et al.

(2007), flooding joins water bodies with different

hydrological characteristics within the landscape, and

as a result, the ecological processes and biotic commu-

nities tend to be similar across the different environ-

ments during this phase due to the increase in the

connectivity and in the exchange of water, sediment,

nutrients, and organisms (Neiff, 2001; Rodrigues et al.,

2002; Domitrovic, 2003).
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Oxbow lakes linked to rivers are directly influenced

by the patterns of variation of the physical and

chemical factors of the water lateral inflow (Granado

& Henry, 2008), affecting the structure of the biotic

communities, especially with regard to biodiversity

(Ward et al., 1999; Amoros & Bornette, 2002).

Variation in the water level is considered to be the

main controlling factor of the changes in the structure

of the phytoplankton community, such as in the

tropical wetlands of the Pantanal of Mato Grosso

(Oliveira & Calheiros, 2000; Loverde-Oliveira &

Huszar, 2007), the Amazon (Huszar & Reynolds,

1997; Putz & Junk, 1997; Melo & Huszar, 2000), the

Paraná River (Garcia De Emiliani, 1993, 1997;

Domitrovic, 2003), the Araguia River (Nabout et al.,

2006), the Mary River (Townsend, 2006), the Murray

River (Butler et al., 2007) in Australia, and in the

plains of rivers of temperate areas, such as the

Daugava River in Letony (Paidere et al., 2007) and

in the Danube in northeast Croatia (Mihaljevı́c et al.,

2009).

However, as ecosystems, wetlands are rarely found

in their natural state today, as they have been modified

or eliminated to meet the requirements of hydraulic

constructions (dykes, canals, bed flattening, and

construction of dams), particularly in highly industri-

alized countries in North America and Europe. Long

stretches of the Rhine River channel were straightened

in the nineteenth century (Junk, 1997). The mouth of

the Danube River, the last floodable large plain of

Europe, has also been extensively modified (Junk,

1980, 1997; Mihaljevı́c et al., 2009). The alterations

have led to a reduction in the investigation of the

floodable areas in temperate regions. Ward et al.

(1999) reported that artificial changes to the fluvial

dynamic break the natural regime of disturbances that

sustain the diversity of successional stages and high

levels of connectivity in the fluvial region, resulting in

less heterogeneity of habitats and, consequently, lower

biodiversity.

In tropical regions, the floodplains have also been

altered, mostly by the implementation of hydroelectric

power plants (Junk, 1997). In Brazil, the main

hydrographic basins have been altered with the

construction of reservoirs for the generation of electric

power (Junk, 1997). The dams constitute a fluvial

discontinuity of anthropic origin which has ecological

consequences, as damming results in the retention of

organic matter, energy, and nutrients (Henry, 2003).

However, in the mouth areas of tributaries in

reservoirs, floodable areas such as oxbow lakes can still

be found, as, for example, those in the mouth zone of the

Paranapanema River in the Jurumirim reservoir (São

Paulo State, Brazil). In these locations, the inundation

behavior can be distinct from that found in ‘‘true’’

floodplains, as the large volume of water accumulated in

the reservoir acts as a system that dampens the

hydrological pulses of the tributaries, altering their

frequency, duration, and amplitude (Henry, 2005). Of

the three oxbow lakes investigated in this region, two

were permanently connected to the Paranapanema

River, although with different levels of connectivity,

determined by the modification of water levels.

The goal of the study was to examine the effects of

water level on the modifications of phytoplankton

community structure during a year in three marginal

lakes, to understand the fluctuation patterns according to

the connectivity level of lacustrine environments with a

river. Two hypotheses were considered: (i) the temporal

variation on community structure is determined pre-

dominantly by the hydrological level in the oxbow

lakes; (ii) the phytoplankton composition pattern is

influenced by their connection level with the river.

Study area

The present study was conducted on the Paranapa-

nema River and three oxbow lakes Camargo Lake,

Coqueiral Lake, and Cavalos Lake, which have

different levels of connection with the lotic system

in the mouth zone at the Jurumirim Reservoir, São

Paulo, Brazil (Fig. 1).

The Paranapanema River rises in the Paranapiacaba

mountain region (to the east of São Paulo State, Brazil)

and discharges into the River Paraná. It is one of the

main affluents, and as it flows from the coast (Atlantic

Plateau) to the countryside is classified as endorheic

(Henry & Nogueira, 1999).

The study area is located upstream of the Jurumirim

Reservoir (the first of a series of reservoirs for electric

power generation), in the south east region of São

Paulo State. The transition region between the Paran-

apanema River and the Jurumirim Reservoir is char-

acterized by a pronounced reduction in the water

velocity (Casanova & Henry, 2004) and a great rate of

sedimentation of allochthonous material transported

by the River (Henry & Maricato, 1996). The local
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landscape is made up of numerous oxbow lakes, three

of which—Camargo Lake, Coqueiral Lake, and Cav-

alos Lake—have been intensively studied (Moschini-

Carlos et al., 1998; Henry, 2003, 2005). The lakes have

different morphometric characteristics and degrees of

connection with the Paranapanema River (Henry,

2005; Panarelli et al., 2008). Coqueiral Lake has the

greatest surface area (641,000 m2), low mean depth

(1.8 m), and great connection with the river (around

40 m width), while Camargos Lake has a small surface

area (224,500 m2), greater mean depth (3.2 m), and

little connection with the river (around 5 m width).

Fig. 1 The study area: the

mouth zone of

Paranapanema River in

Jurumirim Reservoir (São

Paulo State, Brazil) and

oxbow lakes (S1 and S2

sampling stations)
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The third lake (Cavalos) is isolated from the river

channel and has the smallest surface area (8,600 m2)

and smallest mean depth (1.4 m). A dominant floating

graminea (Echinochloa polystachya (H.B.K.) Hitch-

cock) is observed at the margins of both oxbow lakes,

at connection sites with Paranapanema River, and also

at the shoreline of the isolated lake.

Materials and methods

Water samples were collected on a monthly basis for

1 year (from July 2004 to July 2005) in the central

region of the Cavalos Lake and at two sites of the

Paranapanema River and lakes Camargo and Coqueiral.

Phytoplankton community was quantified at 4009

magnification with an inverted microscope (Utermohl,

1958). Counting was performed for 100 individuals of

the most frequent species or by the stabilization curve

of the number of species. Richness was evaluated as a

function of the number of species found during the

study period. The density of phytoplankton organisms

was calculated according to APHA (1995). The

biovolume (mm3 l-1) was expressed by multiplying

the density of each species by the mean volume of

cells (Wetzel & Likens, 1991; Hillebrand et al., 1999).

The predominant species were those which contrib-

uted with at least 1% of the total value of the

community totaling around 80% of the biovolume of

each environment (Sommer et al., 1993). The Shannon

index was used to calculate species diversity (H0)
(Shannon & Weaver, 1963).

Correlate physical and chemical variables of the

water were also analyzed: temperature (Thermistor

Toho Dentan ET-3), water level, electric conductivity

(Hatch conductivimeter with values corrected for

25�C, following Golterman et al., 1978), stream

velocity (ELE stream flowmeter), water transparency

(Secchi disk), suspended solids (Teixeira & Kutner,

1962), alkalinity (Mackeret et al., 1978), pH (pH

meter, Micronal B380), dissolved oxygen (Winkler

method, described by Golterman et al., 1978), total

nitrogen and total phosphorus (Valderrama, 1981),

and reactive silicate (Golterman et al., 1978).

The rainfall data were obtained from the pluvio-

metric station E5-017 (Water and Electric Power

Department, DAAE), located in the city of Angatuba,

30 km away from the study site. Water level values

were provided by the Jurumirim Reservoir operating

department of the Duke Energy Company. A previous

study showed that the water levels at the dam of

Jurumirim and at the site of the inflowing river in the

reservoir present a similar pattern of variation (Pomp-

êo et al., 1999). A detailed description of the results for

the physical and chemical variables of the water was

presented in Granado and Henry (2008).

Data analysis

A factorial variance analysis (ANOVA) was applied

using the GML procedure of the SAS system (version

9.12) to compare the abiotic data on spatial (environ-

ments and stations, a total of seven sampling sites) and

temporal scales (the 13 months of samplings). When

the analysis indicated a significant difference

(P \ 0.05), the Tukey test was applied to determine

the origin of the differences.

Principal component analysis (PCA) was also

performed with the abiotic data (alkalinity, conductiv-

ity, dissolved oxygen, suspended solids, temperature,

pH, transparency, total nitrogen, total phosphorus,

silicate and water level), and canonical correspondence

analysis (CCA) with the phytoplankton community

data (biomass of the predominant species). These

analyses were performed based on the covariance

matrices with the abiotic data fitted by the ranging

amplitude of variation ([(xxmin)/(xmax - xmin)]) and

the biological data (biovolume of the describing

species) by [log (x ? 1)]. To test the significance level

of the first two canonical axes, Monte Carlo test (99

permutations; P \ 0.05) was used. Pearson correla-

tions (r) were computed from ordination values

(position of the sampling unities on the axes) and

individual biotic and abiotic variables used in the

ordination shape (McCune & Mefford, 1997). Data

fitting was performed with the software FITOPAC

(Shepherd, 1996), and the PCA and the CCA with the

software PCORD, version 3.1, for Windows (McCune

& Mefford, 1997).

Results

The annual fluctuation of the water level, a conse-

quence of the hydrological variation and of the

operation of the downstream reservoir, enabled the

distinction of five phases during the year: emptying in

2004 (July, August, and September of 2004), drought
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(October, November, and December 2004), filling

(January and February 2005), high water (March and

April 2005), and emptying in 2005 (May, June, and

July 2005) (Fig. 2). During the year of study, the water

level of the Jurumirim Reservoir was always higher

than 563.6 m (frontier between connection/discon-

nection of Camargo Lake and Coqueiral Lake with the

Paranapanema River). In the study period, the lakes

remained thus connected to the water course.

No variations on abiotic factors (Tables 1, 2)

and on the structure of phytoplankton community

(Table 3) between sampling stations in two of the

oxbow lakes (Coqueiral and Camargo) and in Paran-

apanema River were found.

The variation pattern of the connected lakes

(Camargo and Coqueiral) is similar to that of the

Paranapanema River in relation to the main physical

and chemical variables of the water (Tables 1, 2). The

average values of the main abiotic variables used in

the PCA and in the CCA are presented in Table 2,

together with the Tukey test results. With the excep-

tion of dissolved oxygen, none of the other abiotic

variables showed significant differences between the

Paranapanema River and the connected lakes, accord-

ing to the ANOVA and Tukey test (Tables 1, 2) and

the PCA (Fig. 3; Table 4). In Cavalos Lake, high

alkalinity, conductivity, total nitrogen, and total

phosphorus were significantly different from those of

the other two connected lakes and the Paranapanema

River (Table 2).

The PCA enabled the distinguishing of three

clusters for the sample units from the Paranapanema

River and the Camargo Lake and Coqueiral Lake: (1)

the emptying phase of 2004, characterized by high

transparency and depth values and low quantities of

suspended solids; (2) the end of the emptying phase of

2005, with high dissolved oxygen concentrations; and

(3) the end of the filling and high-water phases and the

beginning of the emptying phase of 2005, for which

the distribution of the sampling units, close to the axis

intersection, demonstrated correlation with the low

values of all of the variables, probably due to the

effects of dilution. The PCA also showed that the

Cavalos Lake behaves differently from the other

environments, principally toward the end of the

filling and high-water phases, until the middle of the
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emptying phase of 2005, which was characterized by

sampling units with high alkalinity and conductivity

values and low oxygen concentrations.

With regard to the phytoplankton community, 180

species were identified in the Paranapanema River and

the oxbow lakes during the study phase. The most

representative class was Chlorophyceae with 40% of the

total richness with 73 species, followed by Bacillario-

phyceae (30) and Cyanobacteria (27), Euglenophyceae

(18), Zygnemaphyceae (17), and Cryptophyceae (7).

Chrysophyceae (4), Dinophyceae (3), and Xanthophy-

ceae (1) also contributed to the richness.

In Camargo Lake, 117 and in Cavalos Lake, 97

species were identified. The greatest richness values

Table 1 Factorial variance

analysis (ANOVA) with the

data of some physical and

chemical variables of the

Paranapanema River and

oxbows lakes in the period

from July 2004 to July 2005

Bold values indicate

statistically significant

difference

Variables R Variation Pr [ F

Environment Station

Alkalinity 0.655 15.03 <0.0001 0.8937

Conductivity 0.511 14.64 <0.0001 0.4978

pH 0.655 1.70 0.1018 0.8933

Dissolved oxygen 0.896 11.17 <0.0001 <0.0001

Suspended solids 0.279 85.39 0.2828 0.0386

Total nitrogen 0.764 32.34 <0.0001 0.6869

Total phosphorus 0.601 59.00 <0.0001 0.3007

Table 2 Means and Tukey’s test performed with the data of some physical and chemical variables of the Paranapanema River and

oxbows lakes in the period from July 2004 to July 2005

Sites Alkalinity

(meq l-1)

Conductivity

(lS cm-1)

Dissolved oxygen

(mg l-1)

Total nitrogen

(lg l-1)

Total phosphorus

(lg l-1)

Mean Tukey Mean Tukey Mean Tukey Mean Tukey Mean Tukey

Paranapanema River (S1) 0.41 B 64.07 B 9.16 A 321.83 B 21.99 B

Paranapanema River (S2) 0.41 B 63.63 B 9.17 A 326.37 B 22.25 B

Camargo Lake (S1) 0.38 B 60.44 B 7.99 B 273.59 B 20.84 B

Camargo Lake (S2) 0.38 B 60.22 B 7.87 B 250.83 B 23.46 B

Coqueiral Lake (S1) 0.41 B 62.78 B 7.02 C 334.28 B 24.58 B

Coqueiral Lake (S2) 0.39 B 61.92 B 6.11 D 296.62 B 21.67 B

Cavalos Lake 0.58 A 82.78 A 3.67 E 540.92 A 51.85 A

The same letters of Tukey’s test denote no significant differences

S1 sampling station 1, S2 sampling station 2

Table 3 Means and

Tukey’s test performed with

the data of phytoplankton

variables of the

Paranapanema River and

oxbows lakes in the period

from July 2004 to July 2005

S1 sampling station 1,

S2 sampling station 2

Sites Richness Density Diversity

Mean Tukey Mean Tukey Mean Tukey

Paranapanema River (S1) 21 A 627 B 4.04 A

Paranapanema River (S2) 19 AB 625 B 3.77 A

Camargo Lake (S1) 15 B 711 B 1.67 B

Camargo Lake (S2) 14 B 690 B 1.47 B

Coqueiral Lake (S1) 21 A 657 B 1.88 B

Coqueiral Lake (S2) 17 AB 744 B 1.80 B

Cavalos Lake 14 B 1,576 A 3.24 A
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were recorded in the Paranapanema River (135 taxa)

and in Coqueiral Lake (138 taxa), both of which had

similar richness values, with higher values in the

drought season, a decrease in the filling phase, an

increase in the high-water phase, and another reduc-

tion in the emptying phase of 2005 (Fig. 4). In

Camargo Lake, low richness was observed in the

filling phase (January and February 2005). However,

the drought phase and high-water phase had a high

number of species. In the Cavalos Lake, the values

were lower in the emptying phase, increased during

the filling phase, and reached the greatest richness

value during the high-water phase (Fig. 4).

In the Paranapanema River and in Coqueiral Lake,

a similar pattern of variation in diversity was found. It

was lower at the end of the filling phase and during the

high-water phase, and higher in the drought phase,

when the greatest values were recorded in the river and

the lake. In Camargo Lake, the diversity was greater in

the beginning of the emptying phase of 2004 and

during the drought phase, decreased at the end of the

drought phase and during the filling phase, and

increased during the high-water phase. In Cavalos

Lake, high values were found at the end of the filling

phase, which remained high during the high-water

phase (Fig. 4).

With regard to the phytoplankton density, the River

and the connected lakes (Camargo and Coqueiral)

showed a similar pattern of variation. Lower values

were recorded in the emptying phase, with an increase

in the drought phase. A reduction was recorded in the

filling phase and a new increase occurred in the high-

water phase, when the attained density was maximum

(Fig. 5). In Cavalos Lake, the greatest density of

phytoplankton was found in the end of the filling phase

(February 2005) (6,552 org ml-1), with the highest

value of the other two oxbow lakes and the river. In
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Table 4 Pearson correlation coefficients between abiotic

variables and the two first ordination axes from July 2004 to

July 2005

Variables Abbreviations Principal component

Axis 1 Axis 2

Alkalinity Alk -0.613 -0.691

Conductivity Cond -0.679 -0.514

Dissolved oxygen DO 0.668 0.299

Suspended solids SS -0.566 0.543

Temperature Temp -0.467 -0.092

Water transparency Transp 0.464 -0.639

Total nitrogen NT -0.855 0.165

Total phosphorus PT -0.803 0.070

Silicate Si -0.588 -0.091

Hydrometric level Level 0.449 0.622

Explicability 36.0% 18.5%
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the emptying (July–September 2004) and drought

(October–December 2004) phases, low densities were

found (Fig. 5).

In the three oxbow lakes and in the river, high

values of biomass occurred during the high-water

phase, with the exception of the Cavalos Lake, which

had the highest biovolume (4.1 mm3 l-1), twofold that

of the other two lentic and lotic ecosystems at the end

of the filling phase (February 2005) (Fig. 5). The

predominant groups of phytoplankton in the Paranap-

anema river were Chlorophyceae and Bacillariophy-

ceae, except in February 2005. In the Camargo Lake,

Cryptophyceae were predominant in the filling period.

Cyanobacteria were predominant in the final phase of

high water and in the emptying. In Coqueiral Lake,

Chlorophyceae were predominant in the same two last

mentioned phases. In the Cavalos Lake, the predom-

inant groups were Cyanobacteria in the drought phase

and the initial filling period and the Euglenophyceae in

the final of the filling and the high water. Cryptophy-

ceae presented high contribution in the emptying

phase in 2004 and 2005 (Fig. 6).

The predominant species in the Paranapanema River

were Closteriopsis acicularis (Chodat) J.H. Belcher &

Swale during the whole of the high-water phase (March

and April 2005) and Cryptomonas brasiliensis A.

Castro, C. Bicudo, and D. Bicudo in July 2005. In

Camargo Lake, C. brasiliensis predominated in the end

of the drought phase and the beginning of the filling

phase and the emptying phase of 2005. This species also

predominated in Coqueiral Lake in part of the drought

phase (November), the filling phase (January), the high-

water phase (April), and in the emptying phase of 2005.

Cavalos Lake had a pattern different from those of the

other two oxbow lakes and the river; C. brasiliensis

predominated in the emptying phase of 2004 and

Chroococus minutus (Kützing) Nägeli predominated in

the same phase in 2005.
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Some predominant species were common to the

River and the connected lakes, such as Aulacoseira

granulata var. granulata (Ehrenberg) Simonsen, Cy-

clotella meneghiniana Kützing, Botryococcus braunii

Kützing, Eutetramorus fottii (Hindak) Komárek, Ra-

diococcus planctonicus Lund, and Dinobryon bavar-

icum Imhof; Eudorina elegans Ehrenberg and C.

brasiliensis predominated in the oxbow lakes and in

the river. The latter stood out in nearly the entire

assemblage, especially in the most unstable periods, as

in the end of the drought season and during the filling

phase (Table 5).

CCA analysis (Fig. 7; Table 6) of the biomass data

for the 16 predominant species in all of the environ-

ments (the three lakes and the river) and of the 11

environmental variables revealed a spatial gradient

along axis 1, with sampling units allocated from left to

right, that is, from Paranapanema River to Cavalos

Lake.

A majority of sampling units from the Paranapa-

nema River were distributed in the upper left part of

the graph. They were associated with high concentra-

tions of dissolved oxygen and correlated with the

species A. granulata var. granulata, D. bavaricum, C.

acicularis, and Discotella stelligera (Cleve & Gru-

now) Houk & Klee. The sampling units from the

Camargo and Coqueiral Lakes were observed in the

same position occupied by the river samples. Some are

closer to the center of the axes, in association with the

high densities of the species C. brasiliensis, E.

elegans, Aphanotece minutı́ssima (W. West) J., and

R. planctonicus. The sampling units from Cavalos

Lake were distributed to the right of the graph, along

axis 2 (Fig. 7).
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Discussion

In the present study, the investigated two greater lakes

(Camargo Lake and Coqueiral Lake) were perma-

nently connected to the Paranapanema River, the main

tributary of Jurumirim Reservoir. The water mass

stored in the reservoir reduces significantly the natural

flood pulses in the mouth zone of the main tributary,

differently to unimodal or plurimodal flood pulses

during the year in floodplains (Hamilton et al., 1998;

Krusche & Mozeto, 1999). According to Granado &

Henry (2008), a similar variation pattern was found for

most abiotic factors in connected lakes (Camargo and

Coqueiral) and the Paranapanema River demonstrat-

ing the high degree of association that the lake systems

maintain with the River. An isolation pattern for

Cavalos Lake was identified, mainly in the end of the

filling and in the high-water phases up to the middle of

the emptying phase of 2005, when high alkalinity,

conductivity, and low dissolved oxygen concentra-

tions were found. The increase in the concentrations of

CO2 and a decrease in the concentrations of oxygen

during the filling phase are probably related to

macrophytes’ decomposition at the margins of the

isolated lake, when submerged after the increase of

water level. Pithart et al. (2007) also observed

chemical alterations of the water, with the reduction

of the amount of dissolved oxygen in 29 shallow lakes

in the floodplains of the Luznice River in the Czech

Republic, as a function of the decomposition of the

surrounding vegetation, which is flooded during the

flood pulse.

According to PCA, Cavalos Lake presents a similar

behavior to the other two lentic environments in the

dry season, a period characterized by high concentra-

tions of suspended solids and nutrients and low values

for water transparency and depth, a consequence of the

concentration effect resulting from the reduction in the

water volume of the lakes.

Phytoplankton structure in oxbow lakes

and connection level

The variation patterns of the phytoplankton commu-

nity structure of the Paranapanema River and the
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connected lakes were similar as also observed for the

abiotic variables (Granado & Henry, 2008, 2012). In

contrast, in the isolated lake, the community attributes

and the variation pattern were distinct, confirming the

hypothesis proposed that the high level of connectivity

would lead to similar species composition and vari-

ation patterns of richness, diversity, and biomass

(biovolume).

High values of richness and diversity were found in

the Paranapanema River and the connected lakes

(Camargo and Coqueiral) in the drought phase, just as

recorded by Descy (1993) for the Moselle River

(France); by Garcia De Emiliani (1997) for El Tigre

Lake and the Correntoso River in the floodplain of the

Upper Paraná River; by Ibañez (1998) in Camaleão

Lake in the Amazon plain; by Nabout et al. (2006) in

oxbow lakes of the Araguaia River; and by Taniguchi

et al. (2005) in Diogo Lake on the Mogi-Guaçu River.

The high richness and diversity values were associated

to greater environmental stability, a consequence of

the absence of hydrometric variability, which favored

the development of various algal groups over exclu-

sively opportunistic species (Taniguchi et al., 2005).

Flooding led to a reduction in the richness and

diversity of the phytoplankton in the environments in

the Paranapanema-Jurumirim Reservoir transition

zone, which even increased in the high-water phase;

however, both the richness and diversity values were

lower than the values found during the drought phase.

According to Henry et al. (2006a), the attributes of

the flood pulse in the mouth zones of rivers in lakes are

greatly modified by the connection of the waters of the

lotic and lentic (reservoir) systems. As the connection

with the river is permanent, the hydrological pulses are

Table 5 Predominant species (biomass) of the phytoplankton community in Paranapanema River and Camargo, Coqueiral, and

Cavalos Lakes

Paranapanema River Camargo Lake Coqueiral Lake Cavalos Lake

Bacillariophyceae Bacillariophyceae Bacillariophyceae Chlorophyceae

A. granulata var. granulata A. granulata var. granulate A. granulata granulata Eudorina elegans

Cyclotella meneghiniana Cyclotella meneghiniana Cyclotella meneghiniana

Synedra acus C. stelligera C. stelligera Cyanobacteria

Synedra acus Aphanocapsa delicatissima

Chlorophyceae Chlorophyceae Aphanotece minutissima

Botryococcus braunii Chlorophyceae Botryococcus braunii

Closteriopsis acicularis Botryococcus braunii Eudorina elegans Euglenophyceae

Dictyosphaerium pulchellum D. ehrenbergianum Eutetramorus fottii Euglena acus

Eudorina elegans Eudorina elegans Radiococcus planctonicus Euglena sp.

Eutetramorus fottiis Eutetramorus fottiis Sphaerocystis achroeterii Phacus longicauda

Golenkinia radiate Radiococcus planctonicus Trachelomonas volvocina

Radiococcus planctonicus Sphaerocystis achroeterii Cyanobacteria

Aphanocapsa delicatissima Cryptophyceae

Cyanobacteria Cyanobacteria Aphanotece minutissima Cryptomonas brasiliensis

Aphanizomenon sp. Aphanotece minutissima

Euglenophyceae Zygnemaphyceae

Cryptophyceae Cryptophyceae Trachelomonas volvocina Closterium sp.

Cryptomonas brasiliensis Cryptomonas brasiliensis

C. erosa Cryptophyceae Dinophyceae

Chrysophyceae Cryptomonas brasiliensis Peridinium sp.

Dinobryon bavaricum Chrysophyceae

Dinobryon bavaricum Chrysophyceae

Zygnemaphyceae Dinobryon bavaricum

Closterium sp.
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attenuated, producing only lateral input into the lakes

from the river, due to the variability of the water

level (Henry, 2003). Thus, in the study period, after the

flooding, the values of diversity of the phytoplankton

species increased, but they did not reach maximum

diversity, at least not during the sampling period.

Relationships between water level

and phytoplankton composition

The constant presence of C. brasiliensis and its

dominance in some phases of the study may be related

to its opportunistic survival strategy. According to

Klaveness (1988), the Cryptophyceae are found in

various systems throughout the year. Peaks in the

development of species are observed after perturba-

tions, such as water mixing, by the wind, and rainfall

periods. Flooding appears to favor C. brasiliensis, the

only predominant organism in the connected lentic

environments during the filling phase. In the other

months, the peaks in development of the species may
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Fig. 7 Monthly ordination by CCA (axes 1 and 2) of the

sampling units as a function of abiotic and biological (biomass)

variables of samples from the Paranapanema River and

Camargo, Coqueiral, and Cavalos Lake from July 2004 to July

2005. Letters together with sample units indicate the beginning

of the sampling months (jl/4 July 2004, ag August, s September,

o October, n November, d December, ja January, f February, mr

March, ab April, mi May, jn June, jl/5 July 2005). Other legends:

Alc alkalinity, Cond conductivity, OD dissolved oxygen, PT

phosphorus, NT nitrogen, Adeli Aphanocapsa delicatissima,

Aminu Aphanotece minutı́ssima, Agrg Aulacoseira granulata

var. granulata, Cmen Cyclotella meneghiniana, Cstel C.

stelligera, Cacic Closteriopsis acicularis, Cbras Cryptomonas

brasiliensis, Dbav Dinobryon bavaricum, Eleg Eudorina

elegans, Efott Eutetramorus fottii, Rplanc Radiococcus plan-

ctonicus, Psp.2 Peridinium sp.2, Sachr Sphaerocystis achroete-

rii, Eacu Euglena acus, Esp. Euglena sp., Tvolv T. volvocina

Table 6 Summary of results from the canonical correspon-

dence analysis (CCA) conducted on the eleven environmental

variables and nineteen biological variables (descriptive species

based on biovolume) (N = 51)

Axis 1 Axis 2

Self-values 0.322 0.190

Explained variance (%) 12.2 7.2

Accumulated variance (%) 12.2 19.4

Pearson correlation

(species–environment)

0.862 0.722

Monte Carlo test (p) self-values 0.0010 0.0190

Monte Carlo test (p) correlation

species–environment

0.0140 0.0390
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have been related to the wind and rainfall phases that

occurred in the days before collection.

High concentrations of nitrogen and of phosphorus

were also observed in the water during the filling

phase, as well as low luminosity, as demonstrated by

the reduced depth of Secchi disk and by high

coefficients of light attenuation. According to Isaksson

(1998), Reynolds (1984), and Reynolds et al. (2002),

cryptophytes can grow under low light intensities and

develop mixotrophy. The possibility of vertical migra-

tion also contributes to the success of these phytofla-

gellates (Reynolds et al., 2002) common to shallow

eutrophic lakes in different regions of the planet.

Henry et al. (2006b) also reported the constant

presence of C. brasiliensis in the oxbow lakes of the

Paranapanema River during an extreme drought in the

region (October 1999–December 2000), as well as a

high abundance of Chroomonas spp. High densities

were attributed to the adverse conditions (extreme

drought) of the lakes, which made it impossible for

other algae to develop.

In Cavalos Lake, the pattern for the physical and

chemical variables of the water and the attributes of

the phytoplankton community were observed to be

different from those of the other two oxbow lakes and

the Paranapanema River. In the CCA, these sampling

units clustered separately from the other three envi-

ronments (Fig. 7). Greater richness and diversity in the

isolated lake (Cavalos Lake) were achieved at the end

of the filling phase when the oxbow lakes were

recorded to be at their deepest. The hydrometric level

varied because of water input from underground flow

(Carmo, 2007) and rainfall. The significant increase in

the richness and diversity of species of algae, as well

as their density and biomass (biovolume) during the

filling phase, can be attributed to the following: (a) the

increase in nutrients, in particular the concentrations

of total phosphorus, which was higher in this phase,

originating from adjacent flooded areas and the

decomposition of submersed macrophytes (indicated

by the low concentrations of dissolved oxygen in the

water); (b) the inocula of the algal species in the

sediment or in aquatic macrophytes that developed

due to the beneficial nutritional conditions, or also by

periphyton species, dragged by the mass of filling

water.

In the Paranapanema River and the Camargo and

Coqueiral Lakes, densities and biomass (biovolumes)

were high in the high-water phase and low in the

emptying and filling phases. However, in many studies

of floodplains (Garcia de Emiliani, 1997; Huszar &

Reynolds, 1997; Train & Rodrigues, 1998; Domitro-

vic, 2003; Nabout et al., 2006), the high-water phase is

characterized by low phytoplankton densities and

biomass related to the dilution effect of flooding.

Higher values were observed during the drought

phase, when the lakes were usually isolated from the

main river channel.

After the reduction in algal biomass caused by the

filling phase, the Chlorophyceae class, represented

principally by B. braunii and E. elegans species,

predominated in terms of biovolume. Inocula of the

latter are very common in the sediment (Happey-

Wood, 1988) and may have been resuspended by

strong currents in the flooding phase. The author also

highlighted the relationship of the genus Eudorina

with the availability of nitrogen. Organisms of this

genus were found in high concentrations in the

Paranapanema River in the high-water phase. In

Camargo Lake, the increase in biomass in the high-

water phase can be attributed to Cyanobacteria A.

minutı́ssima and the Chlorococcales, which have high

reproductive potential.

In the emptying and the drought phase of 2004,

Bacillariophyceae predominated, principally in terms

of biomass, with individuals of the Centrales order

standing out. The species Aulacoseira granulata

contributed more than 50% of the total biomass in

the Paranapanema River in these two phases. Oliveira

and Calheiros (2000) also recorded the predominance

of this group on the Pantanal floodplain, especially A.

granulata and Cyanobacteria, in the emptying phase.

In Camargo and Coqueiral Lakes, Bacillariophyceae

(C. meneguiniana and D. stelligera) predominated in

the end of the emptying phase of 2004 and on the

surface of Coqueiral Lake during the drought phase.

Although wind velocity was not measured, it is known

that August and September (emptying phase) are

marked by strong winds, which may have contributed

to the resuspension of these algae, as they require the

moving of the mass of water in order to stay in the

euphotic zone. Possible wind action on the column of

water can be demonstrated by the presence of

isotherms in the lakes, particularly in August.

Although the Paranapanema River—Jurumirim

Reservoir transition region—behaves differently from

the majority of the floodplains, variations of the depths

of the lakes were observed through the annual cycle as
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a consequence of lateral water input from the River.

The variations in water level imply changes in the

physical and chemical structure of the environments

and in the dynamic of the phytoplankton community,

which were comparable to those found in wetlands.

In conclusion, temporal variation on phytoplankton

in the studied lentic environments can be attributed

mainly to hydrological level of the river (first hypoth-

esis). A similar variation pattern of the ecological

attributes was observed in the structure of the phyto-

plankton community in the connected lakes and

Paranapanema River, evidencing the high degree of

association that the lacustrine systems maintain with

the river.
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Mogi-Guaçu River, Luiz Antonio, SP, Brazil). Anais da

Academia Brasileira de Ciências 71: 777–790.

Loverde-Oliveira, S. M. & V. L. M. Huszar, 2007. Phyto-

plankton ecological responses to the flood pulse in a

Pantanal lake, Central Brazil. Acta Limnologica Brasil-

iensia 19: 117–130.

Mackeret, F. I. H., J. Heron & J. F. Talling, 1978. Water

Analysis: Some Revised Methods for Limnologists.

Freshwater Biological Association, London: 121 pp.

McCune, B. & J. J. Mefford, 1997. PC-ord. Multivariate anal-

ysis of ecological data, version 3.0. Oregon MjM Software

Design: 47 pp.

Melo, S. & V. L. Huszar, 2000. Phytoplankton in an Amazonian

flood-plain lake (Lagoa Batata, Brasil): diel variation and

species strategies. Journal of Plankton Research 22: 63–76.

Mihaljevı́c, M., F. Stevic, J. Horvatic & B. H. Kutuzovic, 2009.

Dual impact of the flood pulses on the phytoplankton in a

Danubian floodplain lake (Kopacki Rit nature Park,

Croatia). Hydrobiologia 618: 77–88.

Moschini-Carlos, V., M. L. M. Pompêo & R. Henry, 1998.
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