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ABSTRACT 
 
Temporal variations of some limnological variables in limnetic and littoral regions of Patos lagoon, a “várzea” 
lake on the floodplain of the Upper Paraná River (220 43’12’’S e 530 17’37’’W), were studied in relation to 
hydrological and climatological factors. Measurements of water temperature, euphotic zone, suspended material, 
electrical conductivity, total alkalinity, pH, dissolved oxygen, carbon dioxide, total nitrogen, total Kjeldahl nitrogen, 
total phosphorus, dissolved phosphorus, reactive soluble phosphorus and chlorophyll a were taken monthly between 
March 1993 and February 1994. Results lend evidence to the importance of the hydrological regime on the dynamic 
of limnological variables in floodplain lakes. A dilution of nutrients in the lagoon, especially phosphates, occurred 
during floods. This was followed by fertilization of the environment by nutrients from the inundated marginal 
regions. During low connectivity periods, autochthonous, events such as ressuspension of sediment, brought on by 
wind and rain, governed limnological events in the lagoon. 
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INTRODUCTION 
 
Wetlands are ecosystems subjected to periodic 
flooding and, depending on the intensity and 
duration of the flood, extensive transition zones 
between terrestrial and aquatic ecosystems can be 
formed where ecological conditions are constantly 
changing (Junk et al., 1989; Neiff, 1990). As a 
consequence, these environments are really a 
mosaic of aquatic biotopes with particular 
dynamic physical and chemical conditions. These 
conditions are also affected by the size, position 

and connectivity of these water bodies and the 
river (Junk, 1980; Junk et al., 1989).  
Periodic flooding promotes an intensive exchange 
of nutrients between river and floodplain, 
consisting of an important forcing function for the 
dynamics of these complex ecosystems (Thomaz, 
1991; Agostinho et al., 1995; Thomaz et al., 1997). 
Floodplain lakes are fundamental for the 
maintenance of floodplain biodiversity. These 
small lakes favour the development of aquatic 
macrophytes in the littoral zone during low water 
periods, contributing a great variety of niches for 
aquatic organisms (Zalocar de Domitrovic et al., 
1998; Rodrigues, 1998) and breeding grounds for 

Brazilian Archives of Biology and Technology 



Rodrigues, L. C. et al. 500

many species of fish (Agostinho and Zalewski, 
1996; Agostinho et al., 2000). 
Several studies on floodplains have been 
undertaken; nevertheless, due to the diversity of 
these environments these researches are still 
scarce. Various investigations were carried out in 
Patos lagoon, concentrating on the effects of water 
level variations on different biological 
communities, such as phytoplankton (Train and 
Rodrigues, 1997; Rodrigues, L. C. 1998), 
periphyton (Rodrigues, L. 1998), zooplankton 
(Lansac-Tôha, et al., 1992; 1997; Serafim, 1997; 
Garcia et al., 1998) and zoobenthos (Takeda et al., 
1997; Higuti, 1998). Studies focusing on the 
abiotic variables in other environments on the 
same floodplain were also undertaken by Thomaz 
et al. (1992; 1997), Pagioro et al. (1994; 1997), 
Pagioro and Thomaz (1999), among others. 
The aim of this study was verifying the influence 
of the hydrological regime on limnological 
variables. We present data about seasonal 
fluctuations of some limnological variables under 
different hydrological and climatological 
conditions that Patos lagoon is subjected to, given 
its location on the floodplain of the Upper Paraná 
River. 
 
 
STUDY AREA 
 
Patos lagoon (22o 43’12’’S and 53o 17’37’’W) is 
situated in Taquaruçú, Mato Grosso do Sul State, 
Brazil (Fig. 1). It is located on the left bank of the 
Ivinhema River, permanently connected by a 
channel. It is a small lake (1.14 km2) with 
maximum depth between 2.8 and 4.8 m (Souza 
Filho and Stevaux, 1997). Predominant 
macrophyte stands are Polygonum spp. and 
Eichhornia azurea Kunth and marginal vegetation 
is composed of shrubs and grasses. The Ivinhema 
River, one of the main tributaries of the Paraná 
River, has a width/depth ratio of 22:1 and current 
velocity is in the range of 0.85m/s (Souza Filho 
and Stevaux, 1997). The lower stretch of Ivinhema 
River flows through an area of the Upper Paraná 
River floodplain which still presents original 
environmental conditions (Agostinho and 
Zalewski, 1996). 
 
 
 
 
 

MATERIALS AND METHODS 
 
From March 1993 to February 1994, samples were 
taken between 9:00 and 13:00 in the limnetic 
region of the lagoon (P1), at sub surface and near 
the bottom; and in the littoral region (P2), near the 
macrophyte stands at sub surface. Water 
transparency was measured with a 30cm Secchi 
disk. Water temperature was measured with a 
thermistor at 20cm intervals. Water samples were 
collected with a Van Dorn sampler and held in 
polyethylene bottles for further laboratory 
analysis. The Euphotic zone was estimated 
according to Cole (1975); pH and conductivity 
were measured with portable digital 
potenciometers; dissolved oxygen was measured 
by the Winkler method modified by Golterman et 
al. (1978) and total alkalinity according to 
Mackereth et al. (1978). 
Suspended material in the water column was 
determined by gravimetry technique (Wetzel and 
Likens, 1991) and the rates were calculated based 
on total suspended material values. Concentrations 
of total phosphorus (TP), reactive soluble 
phosphorus (SRP), total Kjeldahl nitrogen (TKN), 
soluble reactive silica, free carbon dioxide and 
bicarbonate were determined according to 
Mackereth et al. (1978). Total nitrogen was 
obtained by adding nitrite and nitrate to TKN. 
Particulate phosphate was obtained subtracting the 
total dissolved forms from total phosphate. 
Phytoplankton biomass estimated by chlorophyll a 
concentrations was determined according to 
Golterman et al. (1978). Water level, Ivinhema 
River flow and precipitation were measured daily 
in Porto Sumeca (Mato Grosso do Sul). Values 
were furnished by the Departamento Nacional de 
Águas and Energia Elétrica (DNAEE). 
For the numerical analyses, the mean water level 
values of the fourteen days preceding sampling 
were used because there was a temporal lag phase 
in the effect of fluctuating water levels in the 
different environments of the floodplain according 
to the connectivity between them (Thomaz et al., 
1997).  
In relation to water flow values, mean values of 
the two days preceding sampling were used 
because they were measured approximately 60 km 
upstream from the sampling area. For 
precipitation, values corresponding to the total 
precipitation of the two days preceding sampling 
were taken. 
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In order to describe the study area limnologically, 
a Principal Component Analysis (PCA) was used. 
We included climatological and hydrological data, 
as well as physical and chemical water variables.  
Important factors showed a structure coefficient 
greater than 0.6. All variables except pH were 
previously log transformed. NtSys computer 
program was used to apply the PCA and 
STATISTICA (Statsoft Inc., 1996) to calculate 
Pearson correlations. 
 
 
RESULTS AND DISCUSSION 
 
Air temperature varied between 14oC (May and 
August) and 29.5oC (March), although high 
temperatures were also registered from September 
1993 to February 1994 (Fig. 2). 

The highest daily values of pluviometric 
precipitation during the study period occurred 
during March, May and October. No rain was 
registered during August. Higher precipitation 
values, however, were observed the day after 
sampling during November and December. This 
did not affect the data pattern. 
In relation to water level values of the Ivinhema 
River (Fig. 3), it was seen that there were some 
months with levels higher than 2 meters (March, 
April, May, June 1993 and February 1994) and 
others with levels lower than 2 meters (July to 
December 1993). Water flow values varied 
between 793 m3.s-1 (December 1993) and 190 
m3.s-1 (October and November 1993). 
 

 

 
 

Figure 1 - Location of sampling sites in the pelagic region and in the littoral region of Patos lagoon 
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Figure 2 - Local daily precipitation (bars) and monthly air temperatures (stippled line) from 
March 1993 to February 1994. Arrows show sampling dates. 
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Figure 3 - Daily water levels and water flow measurements of the Ivinhema River and depth of 
lake from March 1993 to February 1994. Arrows indicate sampling dates. 

 
 
In general, the depth of the Patos lagoon varied 
according to the water level of the Ivinhema River 
and fluctuated 2.5m between the highest values 
registered in March and the lowest in August. 
The most conspicuous vertical thermal gradients 
occurred in months with high water levels. 
Maximum difference of 3.5oC was observed in 
June in the limnetic region (Fig. 4, 5). This could 
be attributed to both high air temperatures in 
summer months and greater lagoon depth. Surface 
water layers heated up and the higher lagoon depth 
in this period made complete mixing difficult 
(Thomaz, 1991). 

The euphotic zone spanned the entire water 
column in March, May, June and August in the 
limnetic region. In the very shallow littoral region, 
the euphotic zone spanned the entire water column 
in most months except November, December and 
February 1994. In the limnetic region, the euphotic 
zone was restricted to 29 and 33% of the water 
column during December and February.  
In the limnetic region, total suspended material 
occurred in high concentration during low water 
periods and maximum values were observed in 
October and November (Fig. 6). The lowest values 
were observed in May, when the lake was over 4m 
deep. In August and December, algae was 
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probably the principal organic component of the 
suspended material when high levels of organic 
matter were observed (Fig. 13). 
Water transparency had an inverse pattern, with a 
maximum value (2.85m) observed in March 1993. 

During the low water period, transparency was 
low with the lowest values observed in October, 
November and December. In the last month, 
sampling was carried out before the elevation of 
the water level.  
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Figure 4 - Thermal profile (solid line) and euphotic zone (stippled line) in the limnetic region of Patos lagoon (P1) 
from March 1993 to February 1994. 
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Figure 5 - Thermal profile (solid line) and euphotic zone (stippled line) in the littoral zone of Patos lagoon (P2) 
during the study period.  
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Figure 6 - Monthly concentrations of total, inorganic and organic suspended material and 
organic material rate in the limnetic region of Patos lagoon from March 1993 to February 1994. 
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Figure 7 - Spatial and temporal variations of electrical conductivity (a) and alkalinity (b) in 
Patos lagoon from March 1993 to February 1994.  
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In addition to this abiogenic turbidity, the high 
algae concentration at that time (Rodrigues, L. C., 
1998) could have been responsible for the lower 
water transparency during the low water period. 
Thomaz et al. (1997) have reported an inverse 
relationship between water transparency and 
chlorophyll a concentrations in the same lake, 
during the low water period. 
Although the lowest water flow was observed in 
October and November, there was a decrease in 
the euphotic zone and an increase in the suspended 
material and nutrient concentrations. These 
conditions could be attributed to local rains that 
carried material from the floodplain to the lagoon, 
and to probably wind effect, which ressuspended 
sediments into the water column and increased 
nitrogen and phosphorus concentrations, as 

reported by Thomaz (1991) and Thomaz et al. 
(1992; 1997).  
As emphasized by Thomaz (1991), each of the 
forcing functions had a maximum influence in 
floodplain lagoons in distinct phases of the 
hydrological cycle. Pluviometric precipitation and 
winds were probably the main factors occurring at 
end of the dry season, when the lagoon was 
shallow. 
Electrical conductivity and total alkalinity showed 
the same temporal pattern, with the highest values 
during the high water periods (Figs. 7a, b). 
Bicarbonate values showed the same shape of total 
alkalinity, with values between 10.6µg.L-1 (June) 
and 22.8µg.L-1 (March) at the surface of the 
limnetic region. 
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Figure 8 - Spatial and temporal values of pH (a) and carbon dioxide (b) in Patos lagoon from 
March 1993 to February 1994. 
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Figure 9 - Dissolved oxygen concentrations in Patos lagoon from March 1993 to February 
1994. 

 
 
pH values were slightly acidic in June when the 
lowest value (5.8) in the whole lake was observed 
(Fig. 8a). The highest pH values occurred during 
the low water period and could be attributed to the 
highest algal photosynthetic activity during this 
period (Rodrigues, L. C., 1998). The lowest pH 
values occurred when there was a reduction in 
oxygen concentrations and an increase in carbon 
dioxide, reflecting the active decomposition 
processes (Fig. 8b). The lowest values of carbon 
dioxide occurred during the low water period 
when there was high phytoplankton biomass. 
Dissolved oxygen varied from less than 1.0 mg.L-1 
during the high water period to concentrations 
higher than 9.0 mg.L-1 during the low water period 
(Fig. 9). 
These supersaturated waters could be attributed to 
high phytoplankton activity, given the high 
concentrations of chlorophyll registered at this 
time (Fig. 13). 
During the high water period, Patos lagoon 
presented hypoxic conditions throughout the water 
column, probably due to the oxidation processes of 
decomposition of allocthonous organic matter and 
high temperatures. 
In relation to nutrients, total nitrogen and total 
Kjeldahl nitrogen presented minimum values in 
March, which increased in subsequent months, 
probably due to the release of organic compounds 
from the flooded vegetation (Figs. 10a, b). The 
maximum values occurred from October to 

December, when precipitation was also high. The 
rains probably promoted the ressuspension of 
nutrients from sediment. Another factor that could 
explain the peak in these nutrients during the dry 
season, mainly in August and September, is the 
occurrence of a heterocytous bluegreen algae 
bloom (Rodrigues, L. C., 1998). 
Phosphorus increased after the inundation in 
March (Fig. 11), which could be attributed to the 
input of decomposing organic matter from the 
floodplain. The decomposition and oxidation of 
this material released organic compounds into the 
lake, increasing concentration of total particulate 
phosphate. The increase in phosphorus in 
floodplain lakes during floods was observed by 
Rai and Hill (1981); Thomaz (1991) and Train 
(1998). During low water periods, the high 
concentrations of these nutrients can be attributed 
to the rains carrying nutrients from the floodplain 
to the lagoon and to winds which, at that time, 
ressuspended sediment. During October and 
November, concentrations were in the range of 
70,0µg.L-1. 
At the end of the rainy season, low concentrations 
of phosphates were registered, particularly reactive 
soluble phosphorus. Primary producers probably 
took up these nutrients, especially phytoplankton, 
which was abundant at this time (Rodrigues, L. C., 
1998). 
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Figure 10 - Spatial and temporal concentrations of total nitrogen (a) and total Kjeldahl 
nitrogen (b) in Patos lagoon from March 1993 to February 1994. 

 
 
The decrease in these nutrients at the end of the 
dry season was probably due to a dilution effect 
brought on by the inflow of the Ivinhema River 
into the lake (Thomaz et al., in prep.) and the 
incorporation by the algal biomass.  
Phytoplankton biomass, estimated by the 
concentration of chlorophyll a in Patos lagoon, 
presented a high inverse correlation with water 
level (Fig. 12). Highest concentrations occurred 
during the dry season, with a peak in December 
(Fig. 13). The lowest values were detected in June 
and February, when water level and flow of the 

Ivinhema River were highest and the 
concentrations of nutrients decreased. High 
inverse correlation with water level, have been 
recorded in other floodplain lakes of the Upper 
Paraná River (Train, 1998) and Amazon basin 
(Huszar, 1994; Melo and Huszar, 2000). 
The potamophase of this lake favours the turnover 
of the water column, which inhibits the occurrence 
of a permanent state of eutrophication. This 
condition could favour the development of 
planktonic bluegreens, as has been observed in 
developing studies in this region.  
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Figure 11 - Spatial and temporal concentrations of total, total particulated, dissolved 
phosphorus and orthophosphate in Patos lagoon from March 1993 to February 1994. 
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Figure 12 - Relationship between phytoplankton biomass in Patos lagoon and the Ivinhema 
River water levels from March 1993 to February 1994.  
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Figure 13 - Spatial and temporal phytoplankton biomass (chlorophyll a) fluctuation in Patos 
lagoon from March 1993 and February 1994. 

 
 
A Principal Component Analysis produced two 
axes with eigenvalues greater than three. The first 
two axes represented 31% and 25%, respectively, 
of inertia of the whole data set (Fig. 14).  
Axis 1 was positively correlated to the highest 
values of carbon dioxide and negatively to low 
oxygen concentrations and low phytoplankton 
biomass, separating high and low water level 
months. The disturbance occurring in June 
probably resulted in the decomposition of the 
autochthonous biomass and explained the position 
of this sampling date with the high water levels. 
Although high water levels occurred in December, 
it was placed with the low water months, which 
could be explained by the beginning of the 
inundation period. During this period, limnological 
variables were influenced by the increased water 
level of the Ivinhema River.  

Axis 2 also showed differences between the 
periods, according to the hydrological events. This 
was done mainly for the increase in transparency 
and decrease in electrical conductivity and total 
phosphorus in low rain and low water level 
periods. Apparently, limnological variables from 
September to December were influenced more by 
the precipitation regime. We also observed the 
same tendency for March and April 1993 and for 
January and February 1994. Limnological 
variables in March 1993 and January 1994 were 
influenced by the dilution effect of the flood, while 
in subsequent months these variables seemed to be 
influenced more by the decomposition of the 
flooded vegetation with consequent release of 
nutrients into the lagoon. 
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Figure 14 - Pearson’s correlation among the original variables and scores (a). The sample 
scores are identified by sites-months (b). 
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Figure 15 - Relationship between depth of lake and axis 1 of the PCA from March 1993 to 
February 1994. 

 
A Pearson's correlation analysis was carried out 
between axis 1 of the PCA and depth values of the 
lake (Fig. 15). The same tendency was observed in 
both limnetic and littoral regions. A significant 
correlation was observed in the surface layer (r= 
0.70, p= 0.01, n= 12) and in the deeper layer (r= 
0.69, p= 0.01, n= 12) of the pelagic region and in 
the littoral region of the lagoon (r= 0.74, p= 0.006, 
n= 12). 
Therefore, this study showed the strong influence 
of the hydrological regime on the environments of 
the Upper Paraná River floodplain. Nutrients were 
diluted when there was an increase in connectivity 
due to the floods, followed by intense 
decomposition processes when the environments 
were interconnected. On the other hand, during the 
periods of low connectivity, physical and chemical 
processes were influenced more by local events 
such as precipitation. 
 
 
RESUMO 
 
Foram analisadas as flutuações temporais de 
algumas variáveis limnológicas, nas regiões 
limnética e litorânea de uma lagoa de inundação 
(lagoa dos Patos) da planície de inundação do alto 
rio Paraná (220 43’12’’S e 530 17’37’’W) em 
relação a fatores climatológicos e hidrológicos. 
Temperatura da água, profundidade da zona 
eufótica, material em suspensão, condutividade 
elétrica, alcalinidade total, pH, oxigênio 

dissolvido, dióxido de carbono, nitrogênio total, 
nitrogênio total Kjedahl, fósforo total, fósforo 
dissolvido, fósforo solúvel reativo e clorofila–a 
foram medidas, mensalmente, de março de 1993 a 
fevereiro de 1994. Os resultados obtidos 
evidenciaram a importância do regime hidrológico 
sobre a dinâmica das variáveis limnológicas. 
Durante eventos de inundação, observou-se a 
diluição dos nutrientes da lagoa, especialmente das 
frações de fosfato, seguida de uma fertilização do 
ambiente por nutrientes da região marginal 
inundada. Nos períodos de baixa conectividade, 
eventos autóctones como ressuspensão do 
sedimento causada por chuva e ventos regem os 
eventos limnológicos na lagoa.  
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