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ABSTRACT

The present study aimed to analyse the abiotic characteristics spatial variability in the littoral-limnetic gradient of
the Diogo Pond, Mogi-Guaçu River floodplain, as well as evaluating the hydrological influence on the spatial
gradient. During the hydrological cycle, four field trips (high water, flood, low water, and drought) were carr ied out
at three sampling stations: littoral, interface, and limnetic region. Analysis of physical and chemical variables
allowed to conclude that the time scale established by the hydrological cycle was the main forcing function over the
limnological variabil ity of the Diogo Pond. The relative spatial scale related to littoral-limnetic gradient
contributed secondarily to the abiotic variabili ty. Littoral was characterized as a distinct compartment from the
other stations during the entire hydrological cycle.
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INTRODUCTION

Floodplains along the great rivers constitute one of
the most important types of flooding areas of
tropics, having an important role on the balance of
water and biogeochemical cycles in a continental
scale (Sippel et al. 1992). The flooding areas,
according to Mozeto and Albuquerque (1997), are
key components of the river floodplain systems, as
well as the central issue, in which matter and
complex energy exchanges take place, between the
local and the regional hydrographic compartments.
Several studies in flooding areas have been carried
out in an international level (Mozeto and
Albuquerque, 1997). However, for tropic aquatic
environment, these studies can be considered
recent, especially for oxbow lakes (Huszar, 1994).

At Mogi-Guaçu River middle section, where the
Jataí Ecologic Station is located, there is a reduced
declivity in comparison to other sections,
establishing a meandered floodplain during the
raining season. According to Santos and Mozeto
(1992), the flood pulse force of the Mogi Guaçu
River causes an important embelli shment of the
local waters due to the influx of nutrients and
particulate material, shaping the natural dominant
mechanism of water quali ty control of these aquatic
ecosystems. The dynamics of Mogi-Guaçu River
surroundings lakes is a process not well known and
very complex due to the occurrence of areas defined
such as Aquatic/Terrestrial or ATTZ (Aquatical/
Terrestrial Transition Zone) (Junk et al., 1989).
Some of these limnological studies have been
developed in these lakes, focusing taxonomic
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composition and biological diversity (Senna et al.,
1998; Peres and Senna, 1998, 2000a; Güntzel et
al., 2000; Magrin and Senna, 2000a, 2000b; Rocha
et al.,2000; Taniguchi et al., 1998, 2003; Vieira
and Verani, 2000; Wisniewski et al., 2000), the
influence of hydrological cycle on biological
communities, physical and chemical variables, and
on chemical processes (Krushe, 1989; Lima, 1990;
Melo, 1993; Feresin, 1994; Magrin and Senna,
1997; Albuquerque and Mozeto, 1997; Alves and
Strixino, 2000; Ballester and Santos, 2000;
Ferreira et al., 2000a, 2000b; Meschiatti et al.,
2000; Peres and Senna, 2000b, 2000c; Taniguchi
et al., 2000). The aim of this work was to study the
spatial variabili ty of abiotic characteristics in the
li ttoral-limnetic gradient of the Diogo Pond, and to
evaluate the influence of the hydrological regimen
on the temporal variability of the considered
characteristics.

MATERIALS AND METHODS

The Diogo Pond, an oxbow lake of the Mogi
Guaçu River, is located in the conservation unit
of the Jataí Ecological Station “Conde Joaquim
Augusto Ribeiro do Vale” (21o33  ́ to 21o37´S;
47o45 t́o 47o51´W), in the Center East region of
the State of São Paulo. The climate is classified as
Aw by the Köppen system (mesothermic with dry
winter and rainy summers), with significant higher
precipitation from December to February (rainy
season) than from June to August (dry season)
(Nogueira 1989). The pond is characterized as a
drainage system with area near to 4452 hectares.
There is a main channel connected to the river
throughout the year, and a permanent influx from
the Cafundó Creek in its East portion. The pond’s
morphometric characteristics were described by
Krusche (1989).
Samples were taken at Site 1 (S1), located in open
water (limnetic region); Site 2 (S2), located in the
interface region (boundary of Eichhornia azurea
Kunth stands and the open water) and Site 3 (S3),
located at the littoral region (within the E. azurea
banks) (Fig. 1). Samples were collected in four
different periods to include a entire hydrological
cycle: high water (HW) (11/28th/1996), flood (F)
(02/18th/1997), low water (LW) (04/15th/1997) and
the drought (D) (08/18th/1997). For each
limnological variable analyzed twenty four
samples were obtained, including twelve replicates
(n=2). The Mogi-Guaçu River depth data (Porto

Cunha Bueno Station) were obtained from the
CTHRH - DAEE (Technological Center of
Hydrology and Water Resources of São Paulo
State Water and Electrical Energy Department).
The sampling sequence was from S1 to S3. The
samples were collected on water surface and depth.
Transparency, temperature, pH, conductivity,
dissolved oxygen (DO), alkalinity, nitrite (NO2),
nitrate (NO3), ammonium (NH4), total nitrogen
(TN), orthophosphate (PO4), total dissolved
phosphorus (TDP), total phosphorus (TP),
orthossili cate (SiH4O4), TN/TP molar ratio,
suspended inorganic matter (SIM) and suspended
organic matter (SOM) were analyzed. Methods and
equipment used for these analysis are presented in
Table 1. For univariate statistical analysis (with a
significance level of 0.05) of data it was applied (1)
Two Way ANOVA (for water temperature, pH,
dissolved oxygen, nitrate, total nitrogen and total
phosphorus). Data presented normali ty and variance
homogeneity; and (2) Kruskal-Walli s
nonparametric test for the further variables
(transparency, hydrometer level, alkalinity,
conductivity, ammonium, total dissolved
phosphorus, orthossili cate, and suspended matter).
The Principal Components Analysis (correlation
matrix) was used to ordinate sampling sites and
hydrological periods in relation to physical and
chemical variables. All the statistical analysis were
done with the software “Statistics for Windows -
version 5,5A” (Statsof Inc., 2000).

RESULT S AND DISCUSSION

Fig. 2 showed the daily variation of Mogi-Guaçu
River depth from November/96 to August/97.
DAEE did not provided data for June/97. Average
values for abiotic variables are presented in
Table 2. Diogo Pond was well oxygenated during
three sampling periods (February, April and
August). Results suggested nitrogen limitation
during the rainy season (November/96 and
February/97). The concentrations of nitrite (NO2)
during low water period (April/97), and of
orthophosphate (PO4) during all sampling periods
were below detection limits.
Krusche (1989), Dias-Júnior (1990), Barroso
(1994), Camargo and Steves (1995), Magrin and
Senna (1997), Ballester and Santos (2000), and
Taniguchi et al. (2000) have demonstrated the
influence of the flood pulse over biological and
abiotical variables of the oxbow lakes of Mogi-
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Guaçu River floodplain. During the flooding
peaks, water column chemistry and the biological
communities altered as a consequence of water
entry from the Mogi-Guaçu River, the flooding of
marginal vegetation, and sediment turbulence of
these lakes.

Higher levels of pH, total alkalinity, electrical
conductivity, nitrite, ammonium, total phosphorus,
and suspended matter (organic fraction) were
observed during high water (November/96) but not
during flood (February/97).

Figure 1 - Map of Brazil showing the São Paulo State, the location of Jataí Ecological Station,
Diogo Pond, and sampling sites (S1, S2 and S3).
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Table 1 - Methods and equipment used for abiotic variables measurements at the Diogo Pond.
Var iable Method or Equipment

Water transparency (m) Secchi disk
Temperature (oC) Horiba, model U-10
pH Horiba, model U-10
Conductivity (�S/cm) Horiba, model U-10
Dissolved Oxygen (mg/L) Winkler method modified by Golterman et al. (1978)
Nitrite (�g/L) Whatman GF/F filter, Mackereth et al. (1978)
Nitrate (�g/L) Whatman GF/F filter, Mackereth et al. (1978)
Ammonium (�g/L) Whatman GF/F filter, Koroleff (1976)
Total Nitrogen (�g/L) Valderrama (1981)
Orthophosphate (�g/L) Whatman GF/F filter, Strickland and Parsons (1960)
Total Dissolved Phosphorus (�g/L) Whatman GF/F filter, Strickland and Parsons (1960)
Total Phosphorus (�g/L) Valderrama (1981)
Orthossilicate (mg/L) Whatman GF/F filter, Golterman et al. (1978)
Inorganic and Organic Suspended Matter (mg/L) Whatman GF/F filter, Teixeira et al. (1965)

Figure 2 - Daily fluctuations of the Mogi-Guaçu River registered from November 1996 to
August 1997 (* indicate sampling date).

As for the hydrological cycle during 96/97, the
flood peak occurred at the end of January/97 and
sampling was carried out during February/97. So
the flood period data did not reflect entirely the
influence of the Mogi-Guaçu waters on Diogo
Pond during the highest pulse of the flood period,
but after the pulse.

In spite of November/96 sampling period
characterization as a high water period, it could be
important to point out that the process of water
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pulse” effect (enrichment effect), usually expected
for flood period, was observed during high water.
During low water and drought period, due to the
low precipitation and consequently lack of
contribution (or very lit tle contribution) of the river
influx, the oxbow lakes of the Mogi-Guaçu River
usually show low concentrations of particulate
materials, nutrients, conductivity and alkalinity
(Krusche, 1989; Barroso, 1994; Magrin and Senna;
1997). As a consequence of the influx of solids in
suspension by the influence of the rainy season
(high water and flood periods), water transparency
markedly decreased during these periods.
PCA analysis showed that Diogo Pond was strongly
influenced by time scale or, in other words, by the
hydrological cycle (rainy and drought seasons). The
rainy periods (high water and flood) were
associated with alkalinity, conductivity, pH, total
phosphorus, temperature, river depth, ammonium
and inorganic suspended matter. The drought
periods (low water and drought) were associated
with nitrate and dissolved oxygen. High water
(November/96) was mainly separated from the
flood (February/97) period according to total
nitrogen (Table 3, Fig. 3A).
Moreover, univariate analysis (parametric and
non-parametric) showed significant differences in
most analyzed variables during periods of the
hydrological cycle (Table 2). Results indicated that
the hydrological regime was the main controlli ng
force of abiotic factors variabili ty in Diogo Pond.
According to Camargo (1991), there are two
evident patterns related to nitrogen and phosphate
forms and ions in the oxbow lakes: first, the rainy
period and the consequent entry of the waters of
the lotic systems, and the flooding promote the
reduction of ion concentration in the lakes
(dilution process), and second the enrichment of
the water lake. The first pattern was observed by
Silva (1990) for the Baía de Acurizal and Porto de
Fora (Pantanal Mato Grossense), Hamilton and
Lewis (1987) for the Tineo Lake (Venezuela),
Bonetto et al. (1984) for a lake from the lower
Paraná River and Thomaz et al. (1997) for lakes
from the higher Paraná River. The second pattern
was found for lakes in Mogi-Guaçu River such as
Mato Pond (Camargo, 1991), Infernão Pond
(Nogueira, 1989, Dias-Júnior, 1990; Schwarzbold,
1992; Barroso, 1994) and Diogo Pond (Krusche,
1989; Barroso, 1994; Magrin and Senna, 1997;
Peres and Senna, 2000c), for lentic and semilotic
environments of the higher Paraná River
(Rodrigues and Bicudo, 2001) and for the

Amazonian lakes (Forsberg et al., 1988; Silva,
1991; Furch and Junk, 1993; Huszar, 1994). In
Diogo Pond the effect of water enrichment caused
by the entry of the Mogi-Guaçu River was evident
during the rainy period, li ke other lakes already
studied in the same floodplain.
In relation to sampling sites, results of five
variables were statistically different (pH, DO,
TDP, orthossilicate, and SOM) (Table 3). In
comparison to the others two sites, li ttoral region
(S3) had higher concentrations for DO, TDP,
orthossil icate and SOM.
Gradual increase of water temperature was
observed from limnetic to littoral zone (0.5º to
1.6ºC), although not significant different. This
might be attributed to the small turbulence within
the bank of the E. azurea. Similar trends were also
observed by Nogueira (1989) for the Infernão
Pond, by Camargo (1991) for the Mato Pond and
by Howard-Wil liams and Allanson (1981) for an
African Lake, whose temperatures were 0.5º to
2.0ºC higher within littoral region.
Higher DO values were probably associated to
higher densities of primary producers (macrophytes
and phycoperiphyton) within the li ttoral region.
Total dissolved phosphorus (TDP) also showed
higher levels in this region. Pieczynska (1990)
pointed out that aquatics macrophytes were an
important source of phosphorus to the lake, due to
its liberation mainly during the senescence period.
Camargo (1991) also confirmed the occurrence of
high liberation of dissolved phosphates by
macrophytes. Higher concentrations of
orthossili cate in S3 (lit toral region) were possibly
due to the influence of sediments (turbulence during
flood and low water depth during drought period).
The higher concentration of suspended organic
matter in S3 could be attributed to the
periphyton/aquatic macrophytes complex present in
the li ttoral region that function as a particulate
material fil ter in this compartment, as pointed out
by Jørgensen (1990a).
The land-water interface can strongly influences
the lakes, through the intense recycle of nutrients,
the organic material production and the flux of
energy that confer an important role on the
metabolism regulation of the system as a whole
(Howard-Wil liams and Lenton, 1975, Wetzel,
1990; 1992; 1996).
At Diogo Pond (component 3) there was a
separation between li ttoral region and the
remaining sampling sites during all periods of the
hydrological cycle. This result was related mainly
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to the higher concentrations of orthossilicate,
suspended organic matter, dissolved oxygen and
total dissolved phosphorus, in li ttoral region (S3)
(Table 3, Fig. 3B). The variability of abiotic
factors in Diogo Pond was also due to spatial scale
(littoral-limnetic gradient) and could be more or

less accentuated by the influence of the
hydrological cycle phases. This way, during
drought period, li ttoral region differed the most
from the others sites.

Table 2 - Depth, water transparency and mean values of abiotic variables in the sampling sites for the studied
periods at Diogo Pond

November/96
(high water)

February/97
(flood)

Apr il/97
(low water)

August/97
(drought)

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3
Depth (m) 2.20 2.20 2.10 3.20 2.60 2.40 1.10 1.70 1.10 1.00 0.30 0.30
Transparency (m) 0.30 0.30 0.25 0.60 0.50 0.50 0.80 0.70 0.60 0.75 0.30 0.30
Temperature (oC) 25.1 25.1 25.1 27.6 27.8 28.4 20.0 20.0 20.5 17.3 17.6 18.6
pH 6.81 6.80 6.82 6.34 6.30 6.66 5.92 6.04 5.92 6.31 6.29 6.22
Alkalinity (mEq/L) 0.44 0.45 0.47 0.26 0.26 0.26 0.08 0.09 0.08 0.11 0.10 0.10
DO (mg/l) 3.00 2.55 3.40 7.28 7.16 7.22 6.13 5.74 7.62 7.46 7.28 8.03
Conductivity (�S/cm) 64.50 64.20 66.50 30.50 31.00 30.50 14.70 14.90 14.8 16.81 16.81 18.68
NO2 (�g/L)
NO3 (�g/L) 16.93 11.97 11.74 5.13 6.07 5.12 45.73 40.30 28.97 58.25 55.18 61.08
NH4 (�g/L) 91.63 106.02 102.7 8.66 8.30 15.30 19.73 14.19 10.50 30.42 31.16 37.80
TN (�g/L) 181.34 156.22 200.26 35.88 38.81 31.55 191.78 192.76 203.85 241.68 197.32 271.36
TDP (�g/L) 7.82 8.60 11.11 9.39 7.67 9.54 4.22 4.07 4.07 7.67 7.82 9.08
TP (�g/L) 57.73 59.35 64.67 29.33 27.71 30.29 19.97 20.61 30.13 18.03 30.78 29.00
TN/TP (molar ratio) 7.0 5.8 6.8 2.7 3.1 2.3 21.4 20.9 15.0 29.8 14.2 20.6
SiH4 O4 (mg/L) 2.26 2.38 3.02 2.63 3.71 3.02 2.29 2.49 2.38 2.13 2.14 2.72
SIM (mg/L) 14.25 15.50 18.50 2.83 2.25 2.37 3.12 1.83 4.33 3.12 4.31 10.37
SOM (mg/L) 8.12 8.75 10.29 5.37 9.31 9.25 5.34 5.79 8.54 5.34 5.72 9.90

Table 3 - Results (p values) of variance analysis for physical and chemical variables of Diogo Pond (* Kruscal
Walli s Test, ** Two Way ANOVA analysis 

�
 results statisticall y significant)

Var iables Periods Sites
Transparency* 0.056500 0.064400
Depth* 0.000000

�
1.000000

Temperature** 0.00018
�

0.097779
pH** 0.000000

�
0.004515

�
Alkalinity* 0.000000

�
1.000000

Conductivity* 0.000000
�

1.000000
DO** 0.000000

�
0.000547

�
NO3** 0.000000

�
0.051570

NH4* 0.000000
�

1.000000
TN** 0.000000

�
0.066341

TDP* 0.056500 0.003830
�

TP** 0.000000
�

0.064633
SiH4O4* 0.261500 0.003020

�
SIM* 0.004000

�
0.135400

SOM* 0.445900 0.015000
�
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B

Figure 3 - PCA ordination of sampling sites and periods based on physical and chemical
characteristics of Diogo Pond (N: November/96, F: February/97, Ap: April/97 and
August/97).
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Table 4 - Correlation of the physical and chemical variables with the principal components 1, 2, and 3 (*higher
correlations).

Var iables Component 1 Component 2 Component 3
Temperature 0.825157 -0.548770 -0.008392
River depth   0.787447* -0.585800   0.079549
Depth 0.696630 -0.644950   0.175628
Transparency -0.609150 -0.048892   0.195731
pH    0.894651*   0.164937 -0.028901
Alkalinity    0.983878*   0.068045   0.133952
Conductivity    0.956384*   0.231660   0.163641
DO  -0.743361* -0.386911 -0.455334
NO3 -0.774142   0.578468 -0.100725
NH4    0.737715*   0.638735   0.166119
TN -0.360725     0.892745* -0.025068
TDP   0.667581   0.052691 -0.502767
TP     0.859500*   0.397299   0.108601
SiH4O4   0.383689 -0.041049    -0.725437*
SIM     0.730689*   0.643960  -0.090603
SOM   0.569694   0.135418 -0.495843
% Variation explained
Variation

55.35 21.45 8.82

Present results indicated for the littoral-limnetic
gradient of the Diogo Pond that:

− temporal scale, established by the hydrological
regime, was the main forcing function on the
variability of abiotic factors. Three periods of
hydrological cycle could be characterized: the
high water period with higher values of
alkalinity, conductivity, pH, total dissolved
phosphorus, ammonium and inorganic suspended
matter; the flood period with higher
temperatures, river and pond depth, and the low
water (drought period) mainly by the higher
concentration of nitrate and dissolved oxygen;

− spatial scale in relation to the littoral-limnetic
gradient also contributed to abiotic factors
variability. The li ttoral region was characterized
as a distinct compartment from the others regions
(interface and open water) during all period of
the hydrological cycle, mainly due to higher
values of orthossil icate, suspended organic
matter, dissolved oxygen and total dissolved
phosphorus;

− the variability in the spatial gradient was
influenced by the phases of hydrological cycle;
and during the drought period littoral region
differed the most from the others sites.
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RESUMO

O presente estudo visou analisar a variabil idade
espacial de características limnológicas abióticas
no gradiente litorâneo-limnético na lagoa do
Diogo, planície de inundação do rio Mogi-Guaçu,
bem como avaliar a influência do regime
hidrológico no gradiente espacial. Quatro coletas
foram realizadas durante o ciclo hidrológico
(enchente, cheia, vazante e seca) e em três
estações de amostragem: região li torânea, região
limítrofe e região limnética. Através das análises
de variáveis físicas e químicas pôde-se concluir
que a escala temporal, determinada pelo regime
hidrológico, foi a principal função de força sobre a
variabilidade limnológica na lagoa do Diogo. A
escala espacial relativa ao gradiente li torâneo-
limnético contribuiu, secundariamente, com a
variabilidade dos fatores limnológicos abióticos. A
região li torânea foi caracterizada como um
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compartimento separado das demais regiões em
todas as épocas do ciclo hidrológico.

REFERENCES

Albuquerque, A. L. S. and Mozeto, A. A. (1997), C:N:P
ratios and stable carbon isotope composition as
indicator of organics matter sources in a riverine
wetland system (Mogi Guaçu River, São Paulo -
Brazil ). Wetlands, 17 : (1), 1-9.

Alves, R. G. and Strixino, G. (2000), Influência da
variação do nível da água sobre a comunidade
macrobentônica da lagoa do Diogo (Luiz Antonio,
SP). In: Santos, J. E. and Pires, J. S. R. (Eds.).
Estação Ecológica de Jataí. São Carlos : Rima. pp.
733-742.
Ballester, M. V. R. and Santos, J. E. (2000), Biogenic
gases (Ch4, CO2 and O2) distribution in a riverine
wetland system. In: Santos, J. E. and Pires, J. S. R.
(Eds.). Estação Ecológica de Jataí. São Carlos :
Rima. pp. 675-683.

Bonetto, C. A.; Zalocar, Y. and Lancelle, H. G. (1984),
A limnological study of an oxbow-lake covered by
Eichhornia crassipes in the Paraná River.
Internationale Vereinigung für Theoretische und
Angewandte Limnologie, 22, 1315-1318.

Barroso, G. F. (1994), Sistema de avaliação de habitats
aquáticos. Caso de estudo: Estação Ecológica de
Jataí, Luiz Antonio, SP. Dissertação (Mestrado),
UFSCar, São Carlos. 132 pp.

Camargo, A. F. M. (1991), Dinâmica do nitrogênio e
do fosfato em uma lagoa marginal do rio Mogi-
Guaçu (lagoa do Mato, SP). Dissertação (Mestrado),
UFSCar, São Carlos. 204 pp.

Camargo, A. F. M. and Esteves, F. A. (1995), Influence
of water level variation on fertil ization of an oxbow
lake of Rio Moji-Guaçu, State of São Paulo, Brazil.
Hydrobiologia, 299, 185-193.

Dias-Júnior, C. (1990), Ciclo anual do fitoplâncton e
algumas variáveis ambientais na lagoa do Infernão
(SP). Dissertação (Mestrado), UFSCar, São Carlos.
108 pp.

Feresin, E. G. (1994), Produção de carbono orgânico
via fitoplâncton, bacterioplâncton em duas lagoas
de inundação do rio Mogi-Guaçu (Estação Ecológica
de Jataí, São Paulo). Tese (Doutorado), UFSCar,
São Carlos. 111 pp.

Ferreira, A. G.; Verani, J. R.; Nuñer, A. P.; Peret, A. C.
and Castro, P. F. (2000a), Estrutura das
comunidades ícticas de lagoas marginais do rio
Mogi-Guaçu, na Estação Ecológica de Jataí, SP,
Brasil, sujeitas a inundação. In: Santos, J. E. and
Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 805-816.

Ferreira, A. G.; Verani, J. R.; Peret, A. C. and Castro, P.
F. (2000b), Caracterização de comunidades ícticas de
lagoas marginais do rio Mogi-Guaçu: composição,

abundância e biomassa de peixes. In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 791-804.

Forsberg, B. R.; Devol, A. H.; Richey, J. E.; Martinelli,
L. A. and Santos, H. (1988), Factors controll ing
nutrient concentrations in Amazon floodplain lakes.
Limnology and Oceanography, 33 : (1), 41-56.

Furch, K. and Junk, W. J. (1993), Seasonal nutrient
dynamics in an Amazonian floodplain lake. Archiv
für Hydrobiologie, 128 : (3), 277-285.

Golterman, H. L.; Clymo, R. S. and Ohnstad, M. A M.
(1978), Methods for physical and chemical analysis
of freshwaters. Blackwell Scientific Publications, IBP
Handbook n. 8, Oxford. 213 pp.

Güntzel, A. M.; Rocha, O.; Espíndola, E. L. G. and
Rietzler, A. C. (2000), Diversidade do zooplâncton de
lagoas marginais do rio Mogi-Guaçu: I. Rotifera. In:
Santos, J. E. and Pires, J. S. R. (Eds.). Estação
Ecológica de Jataí.  São Carlos : Rima. pp. 537-557.

Hamilton, S. K. and Lewis, J. R. W. M. (1987), Causes
of seasonality in the chemistry of the  lake within  the
Orinoco River floodplain, Venezuela. Limnology and
Oceanography, 32 : (6), 1277-1290.

Howard-Williams, C. and Allanson, B. R. (1981), An
integrated study on littoral and pelagic primary
production in a Southern African littoral lake. Archiv
für Hydrobiologie, 92 : (4), 507-534.

Howard-Williams, C. and Lenton, G. M. (1975), The
role of the littoral zone in the functioning of a
shallow tropical lake ecosystem. Freshwater Biology,
5, 445-459.

Huszar, V. L. M. (1994), Fitoplâncton de uma lago
amazônico impactado por rejeito de bauxita (lago
Batata, Pará, Brasil ): estrutura da comunidade,
flutuações espaciais e temporais. Tese (Doutorado),
UFSCar, São Carlos. 219 pp.

Jørgensen, S. E. (1990a), Erosion and filtration. In:
Jørgensen, S. E. and Löffler, H. (Eds.). Guidelines of
lake management. III . Lake Shore Management.
International Lake Environment Committee
Foundation / United Nations Environment
Programme, Shiga. pp. 13-19.

Jørgensen, S. E. (1990b), Introduction. In: Jørgensen,
S. E. and Löffler, H. (Eds.). Guidelines of lake
management. III . Lake Shore Management.
International Lake Environment Committee
Foundation / United Nations Environment
Programme, Shiga. pp. 1-3.

Junk, W. J.; Bayley, P. B. and Sparks, R. E. (1989), The
flood pulse concept in river floodplain systems.
Canadian Special Publication of Fisheries and
Aquatic Sciences, 106, 110-127.

Koroleff, F. (1976), Determination of nutrients. In:
Grasshoff, K. (Ed.). Methods of seawater analysis.
New York : Verlag Chemie Weinheim. pp.117-181.

Krusche, A. V. (1989), Caracterização biogeoquímica
da lagoa do Diogo: uma lagoa marginal do rio Mogi-



Taniguchi, G. M. et al.

Brazilian Archives of Biology and Technology

970

Guaçu (Estação Ecológica de Jataí, Luiz Antonio, SP).
Dissertação (Mestrado), UFSCar, São Carlos. 79 pp.

Lima, N. R. W. (1990), Análise dos níveis de
metais pesados no sistema hídrico da Estação
Ecológica de Jataí, SP. Acta Limnologica
Brasiliensia, 3 : (2), 1001-1021.

Mackereth, F. J. H.; Heron, J. and TaIling, J. F. (1978),
Water analysis: some revised methods for
limnologists. Freshwater Biological Association
Scientific Publication, n. 36, Ambleside. 120 pp.

Magrin, A. G. E. and Senna, P. A. C. (1997),
Composição e dinâmica de diatomáceas planctônicas
em uma lagoa da planície de inundação do médio
Mogi-Guaçu, Estado de São Paulo, Brasil. In:
Seminário Regional de Ecologia, 8., São Paulo.
Anais ... São Paulo. pp. 247-276.

Magrin, A. G. E. and Senna, P. A. C. (2000a).
Diatomáceas (Bacil lariophyta) da lagoa do Diogo e
seus trechos fluviais: córrego Cafundó e rio
Mogi-Guaçu. 1. Classes Coscinodiscophyceae e
Fragilariophyceae (Fragilariaceae). In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 403-413.

Magrin, A. G. E. and Senna, P. A. C. (2000a).
Diatomáceas (Bacil lariophyta) da lagoa do Diogo e
seus trechos fluviais: córrego Cafundó e rio Mogi-
Guaçu. 2. Classe Bacil lariophyceae. In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 415-430.

Melo, S. A. (1993), Dinâmica da capacidade de
neutrali zação de ácidos (CNA) nas lagoas marginais
da planície de inundação do rio Mogi-Guaçu
(São Paulo). Dissertação (Mestrado), UFSCar,
São Carlos. 85 pp.

Meschiatti, A. J.; Arcifa, M. S. and Fenerich-Verani, N.
Ecology of fish in oxbow lakes of Mogi-Guaçu River.
In: Santos, J. E. and Pires, J. S. R. (Eds.). Estação
Ecológica de Jataí.  São Carlos : Rima. pp. 817-830.

Mozeto, A. A. and Albuquerque, A. L. S. (1997),
Biogeochemical properties at the Jataí Ecological
Station wetlands (Moji-Guacu River, São Paulo, SP).
Ciência e Cultura, Journal of the Brazili an Association
for the Advancement of Science, 49 : (1/2), 25-33.
Nogueira, F. M. B. (1989), Importância das
macrófitas aquáticas Eichhornia azurea Kunth e
Scirpus cubensis Poepp and Kunth na ciclagem de
nutrients e nas principais características
limnológicas da lagoa do Infernão. Dissertação
(Mestrado), UFSCar, São Carlos. 147 pp.

Peres, A. C. and Senna, P. A. C. (1998), Cyanophyceae
da lagoa do Diogo, planície de inundação do rio
Moji-Guaçu, Estação Ecológica do Jataí, estado de
São Paulo, Brasil. Hoehnea, 25 : (2), 195-214.

Peres, A. C. and Senna, P. A. C. (2000a), Chlorophyta
da lagoa do Diogo. In: Santos, J. E. and Pires, J. S. R.
(Eds.). Estação Ecológica de Jataí.  São Carlos :
Rima. pp. 469-481.

Peres, A. C. and Senna, P. A. C. (2000b), Estudo
quantitativo e estatístico do fitoplâncton da lagoa do
Diogo em um ciclo hidrológico. In: Santos, J. E. and
Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 482-495.

Peres, A. C. and Senna, P. A. C. (2000c), Parâmetros
físicos e químicos da lagoa do Diogo. In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 377-386.

Pieczynska, E. (1990), Littoral habitats and
communities. In-Guidelines of lake management. II I.
In: Jørgensen, S. E. and Löffler, H. (Eds.). Lake shore
management. International Lake Environment
Committee Foundation - United Nations Environment
Program, Shiga. pp. 39-71.

Rocha, O.; Espíndola, E. G.; Rietzler, A. C. and Santos-
Wisniewski, M. J. (2000), Diversidade do
zooplâncton de lagoas marginais do rio Mogi-Guaçu:
III . Copepoda (Crustácea). In: Santos, J. E. and Pires,
J. S. R. (Eds.). Estação Ecológica de Jataí.  São
Carlos : Rima. pp. 587-598.

Rodrigues, L. and Bicudo, D.C. (2001), Limnological
characteristis comparisson in three systems with
different hydrodynamic regime in the upper Paraná
River Floodplain, Brazil. Acta Limnologica
Brasiliensia, 13 : (1), 39-49.

Santos, J. E. and Mozeto, A. A. (1992), Programa de
análise de ecossistema e monitoramento ambiental:
Estação Ecológica de Jataí (Luiz Antonio, SP).
Ecologia de areas alagáveis da planície de inundação
do rio Mogi-Guaçu (Projeto Jataí). Programa de
Pós-Graduação em Ecologia e Recursos Naturais,
Universidade Federal de São Carlos, São Carlos. 59 pp.

Schwarzbold, A. (1992), Efeitos do regime de
inundação do rio Mogi-Guaçu (SP) sobre a
estrutura, diversidade, produção e estoques do
perifíton da lagoa do Infernão. Tese (Doutorado),
UFSCar, São Carlos. 237 pp.

Senna P. A. C.; Peres, A. C. and Komárek, J. (1998),
Coelomorum tropicalis, a new cyanoprokaryotic
species from São Paulo State, Brazil. Nova Hedwigia,
67 : (1-2), 93-100.

Silva, C. J. (1990), Influência da variação do nível de
água sobre a estrutura e o funcionamento de uma
área alagável do Pantanal matogrossense (Pantanal
de Barão de Melgaço, município de Santo Antônio de
Leverger e Barão de Melgaço - MT). Tese
(Doutorado), UFSCar, São Carlos. 215 pp.

Silva, F. R. F. (1991), Influência do pulso de inundação
e do efluente da lavagem de bauxite sobre a dinâmica
de fósforo, nitrogênio e carbono em um lago
amazônico (l. Batata - PA). Dissertação (Mestrado),
UFSCar, São Carlos. 128 pp.

Sippel, S. J.; Hamilton, S K and Melack, J. M. (1992),
Inundation area and morphometry of lakes on the
Amazon River floodplain, Brazil. Archiv für
Hydrobiologie, 123 : (4), 3 85-400.



Abiotic Variables in Littoral-Limnetic Gradient of an Oxbow Lake of Mogi-Guaçu River Floodplain

Brazilian Archives of Biology and Technology

971

Statsoft, Inc. (2000), Statistic for Windows (Computer
Program Manual). Tulsa : Statsoft, Inc.

Taniguchi, G. M; Bicudo, D. C. and Senna, P. A. C.
(2000), Intercâmbio populacional de desmídias
planctônicas e perifíticas na lagoa do Diogo, planície
de inundação do rio Mogi-Guaçu. In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 431-444.

Taniguchi, G. M.; Peres, A. C.; Senna, P. A. C. and
Bicudo, D. C. (1998), Desmidiaceae filamentosas,
Mesotaeniaceae e Gonatozygaceae de uma lagoa
marginal do rio Moji-Guaçu, Estação Ecológica de
Jataí, estado de São Paulo. Hoehnea, 25: (2), 149-167.

Taniguchi, G. M., Peres, A. C., Senna, P. A. C. and
Compère, P. (2003), The desmid genera Cosmarium,
Actinotaenium and Cosmocladium from an oxbow
lake, Jataí Ecological Station (Southeastern Brazil).
Systematics and Geography of Plants, 73, 133-159.

Teixeira, C.; Tundisi, J. G. and Kutner, M. B. (1965),
Plankton studies in a mangrove. II : The standing-
stock and some ecological factors. Boletim do
Instituto Oceanográfico, 24, 23-41.

Thomaz, S. M.; Roberto, M. C. and Bini, L. M. (1997),
Caracterização limnológica dos ambientes aquáticos e
influência dos níveis fluviométricos. In: Vazzoler, A.
E. A. M.; Agostinho, A. A. and Hahn, N. S. (Eds.). A
planície de inundação do alto rio Paraná: aspectos
físicos, biológicos e socioeconômicos. Maringá :
Universidade Estadual de Maringá. pp. 73-102.

Valderrama, J. C. (1981), The simultaneous analysis of
total nitrogen and phosphorus in natural waters.
Marine Chemistry, 10, 109-122.

Vieira, L. J. S. and Verani, J. R. (2000), Diversidade
e capturabili dade em comunidades de peixes de
lagoas marginais do rio Mogi-Guaçu submetidas a
diferentes graus de assoreamento. In: Santos, J. E.
and Pires, J. S. R. (Eds.). Estação Ecológica de Jataí.
São Carlos : Rima. pp. 831-850.

Wetzel, R. G. (1990), Land-water interfaces: metabolic
and limnological regulators. Internationale
Vereinigung fur Theoretische und Angewandte
Limnologie, 24, 6-24.

Wetzel, R. G. (1992), Gradient-dominated ecosystems:
sources and regulatory functions of dissolved
organic matter in freshwater ecosystems.
Hydrobiologia, 229, 181-198.

Wetzel, R. G. (1996), Benthic algae and nutrient
cycling in lentic freshwater ecosystems. In:
Stevenson, R. J.; Bothwell , M. L. and Lowe, R. L.
(Eds.). Algal ecology: freshwater benthic ecosystems.
San Diego : Academic Press. pp. 64 1-667.

Wetzel, R. G. and Likens, G. E. (1991), Limnological
analyses. New York : Springer Verlag. 391 pp.

Wisniewski, M. J. S.; Rocha, O.; Rietzler, A. C. and
Espíndola, E. L. G. (2000), Diversidade do
zooplâncton de lagoas marginais do rio Mogi-Guaçu:
II . Cladocera (Crustácea, Brachiopoda). In: Santos, J.

E. and Pires, J. S. R. (Eds.). Estação Ecológica de
Jataí.  São Carlos : Rima. pp. 559-58.

Received: November 22, 2002;
Revised: August 29, 2003;
Accepted: June 18, 2004.




