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Lwowska 1, 87-100 Toruń, Poland
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Abstract – The functioning of oxbow lakes depends primarily on the succession of two phases: potamophase
(when water from the river flows into the lake) and limnophase (when water remains in the riverbed, ensuring

stability in the lake). Hydrologic conditions in the river determine whether oxbows are isolated or connected
with the river. They also determine the time and duration of both phases. The studied oxbow lake, located in
the floodplain of the lower Vistula, was created as the result of river regulation in the 19th century.

Observations were conducted during growing seasons in 2006, 2007, 2008 and 2013, during limnophase and
potamophase. The study was aimed at evaluating the impact of changes in the river level on the oxbow lake.
Potamophase brought greater zooplankton diversity. We recorded a higher number of species and a higher
Shannon diversity index (Hk). During limnophase, higher water temperature led to greater zooplankton den-

sity. However, its diversity decreased. In recent years, probably due to climate change, the amount of pre-
cipitation has decreased. As a result, water levels in rivers are lower and potamophase is rare, while periods of
isolation are longer. Low water levels in oxbows increase their primary productivity and decrease zooplankton

biodiversity.
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Introduction

Whether natural or artificial (created through river
regulation), oxbow lakes constitute an important element
of river valleys (Redford and Richter, 1999; Funk et al.,
2009; Tockner et al., 2009).

They play an important role in water retention, protect
the river from excessive inflow of nutrients from the land
and ensure biodiversity of the entire river ecosystem (Shiel
et al., 1998; Hillbricht-Ilkowska, 1999; Lake and Bond,
2007; Paira and Drago, 2007). The functioning of oxbow
lakes depends on seasonal flooding of the river valley
according to the river flood-pulse concept (Junk et al.,
1989). As a result of flood-pulse dynamics, structural
components of the system can be connected. This
facilitates the exchange of water, nutrients and living
organisms (biota) between parts of riverine corridors

(Amorus and Bornette, 2002; Anderson and Bonecker,
2004; de Paggi and Paggi, 2008).

Basically, flood pulsing leads to the succession of two
phases in the life of oxbow lakes: limnophase and
potamophase (Neiff, 1996), i.e. the isolation or connection
of the oxbow with the river. During limnophase (isolation)
relatively stable conditions promote the growth of
macrophytes and many algal groups (Dembowska and
Napiórkowski, 2012; Reckendorfer et al., 2013). Due to
a shallow depth and a well-developed macrophyte
community, oxbow lakes provide microhabitats offering
conditions suitable for the development of littoral,
pelagic and peryphytic fauna (Thomaz et al., 2007;
Wojciechowska et al., 2007; Joniak and Kuczyńska-
Kippen, 2016). In this phase, they are similar to shallow
macrophytic lakes (Scheffer and Jeppesen, 1998;
Mihaljevič et al., 2009) and can develop distinctly unique
features. The density of zooplankton and the number of
crustacean species increase (Baranyi et al., 2002; de Paggi
and Paggi, 2008).*Corresponding author: pnapiork@umk.pl
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Periods of stability are interrupted (usually with great
regularity) by periods of flooding (Junk et al., 1989;
Wojciechowska et al., 2007; Chaparro et al., 2015). The
supply of water from the river raises the water level (WL)
in oxbow lakes. Living organisms are washed away and
the sediments accumulated during limnophase are leached.
Water transparency decreases drastically because river
water carries huge amounts of suspended matter. This has
a negative effect on macrophytes, which die due to a lack
of sunlight. Eventually, small organisms brought by the
river (diatoms and rotifers) begin to dominate (Riss and
Biggs, 2003; Mihaljevič et al., 2009; Napiórkowski, 2009;
Dembowska, 2015a; Dembowska and Napiórkowski,
2015).

This water exchange triggers the recovery of the
biocenosis; the nature and scope of the shifts depend
on the intensity of flooding (Chaparro et al., 2011;
Reckendorfer et al., 2013). Initially, organisms brought
by the river play a key role. Potamophase is again followed
by limnophase, which brings stability. At a later stage, the
composition and growth rate of organisms depend on the
type of lake and its primary productivity. Observations
indicate that the biocenosis of oxbow lakes changes with
each limnophase and potamophase. The number of
successive phases is strictly connected with hydrologic
conditions in the river basin (precipitation, thaw)
(Dembowska and Napiórkowski, 2012).

The importance of planktonic organisms for oxbow
lakes has been described by many authors, including
Keckeis et al. (2003), Gumiri et al. (2005), Napiórkowski
(2009), Furst et al. (2014), Dembowska and Napiórkowski
(2015), Kobayashi et al. (2015), and Krztoń et al. (2017).

Anderson and Bonecker (2004) as well as Schöll (2009)
pointed out that planktonic communities in oxbow lakes
are determined primarily by two features: (1) whether they
are connected or not to the river and (2) whether water
inflow causes any disturbances.

This study was aimed at evaluating the effect of
changes in the river level on an oxbow lake. Hydrologic
conditions of the river determine whether oxbow lakes are
isolated or connected to the river. They also determine the
time and duration of both phases (Neiff, 1996; de Paggi
and Paggi, 2008; Paidere, 2009).

We anticipated a greater zooplankton biodiversity
during potamophase (water from the river can introduce
species that are not found in oxbow lakes at a low WL).
The river can also introduce different types of food, thus
indirectly affecting the structure of zooplankton.

We also assumed that limnophase will be characterized
by greater zooplankton density. In small and fertile lakes,
the contribution of internal supply may increase (Carvalho
et al., 2001; Thomaz et al., 2007).

It is therefore possible that hydrologic conditions can
directly influence the structure of zooplankton: stagnation
brings better conditions for crustaceans, and flooding, for
rotifers.

At low or absent hydrological connectivity, oxbow
lakes have characteristics of shallow eutrophic lakes,
exhibiting a clear water state with macrophyte dominance,

or a turbid state with phytoplankton dominance caused by
the input of nutrients (alternative stable state hypothesis
Scheffer et al., 1993; Reckendorfer et al., 2013).

In the studied lake, periods of macrophyte dominance
were followed by periods of phytoplankton dominance
even during limnophase. Macrophytes are known to
develop more rapidly during limnophase, creating many
ecological niches. This, in turn, can promote the growth of
zooplankton, thus increasing biodiversity.

In recent years, probably due to climate change,
the amount of precipitation has decreased. As a result,
WLs in rivers are low and potamophase is rare. The
question then arises: will changes of this kind threaten
biodiversity in oxbow lakes and river valleys?

Materials and methods

Study site

The study was conducted in an oxbow lake in the lower
Vistula valley. The Vistula is the longest river in Poland
(1068 km) and has the second highest flow rate
(Q, 1050 m3.sx1) after the Neva in the catchment area of
the Baltic Sea. Over almost its entire length, it is a typical
lowland river. In its lower course (between 718 and 1068
km – the mouth) it was regulated in the 19th century.

Despite human interference (changing the river’s flow)
and advancing degradation, the River and the Valley
represent an extremely valuable natural environment
(Kentzer et al., 2010). The first floodplain terrace has a
number of oxbow lakes that are the remnants of the
backwaters of the river and are periodically flooded
(during major floods only). The study was conducted on
a floodplain lake created after the flood embankments had
been constructed during river regulation at the beginning
of the 19th century (Makowski, 1998). The studied oxbow
lake (Fig. 1) is situated in the valley of the Lower Vistula,
within the city of Toruń, at 738 km of the river’s course
(53x00kN; 18x33kE). This water body lake developed as a
result of Vistula River regulation. It is relatively shallow,
young and usually connected to the Vistula River (with the
average WL in the river). In the oxbow lake, the following

Fig. 1. Map of investigated area.
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species of macrophytes occur: common hornwort
(Ceratophyllum demersum L.), arrowhead (Sagittaria
sagittifolia L.), which grow on the shores of the oxbow
lake, but when the WL is very low, it forms peculiar
islands in the middle of the oxbow lake, Canadian
waterweed (Elodea canadiensis Michx.), pondweed species
(Potamogeton sp.) and water milfoil sp. (Myriophyllum sp.).
The morphometric characteristics of the floodplain lake
are: surface area 1.0 ha, maximum length 160 m,
maximum width 100 m and degree of connection with the
Vistula River from 0 to 30 m. The maximum depth
depends on the WL in the river (from 60 to 160 cm)
(Dembowska and Napiórkowski, 2015).

The value of Ptot in summer in 2008 amounted to
0.36 mg.Lx1 and the concentration of mineral forms
of nitrogen and phosphorus amounted to 0.208 mg.Lx1

(N-NO3) and 0.067 mg.Lx1 (P-PO4) (Dembowska and
Napiórkowski, 2015).

Methods

Water samples were collected twice a month between
April and September, 2006, 2007, 2008 and 2013. All
zooplankton samples were collected at a depth of ca. 0.5 m
in the central part of the lake with a 1 L Patalas sampler.
Water was filtered through a plankton net; mesh size
25 mm. In order to obtain one sample of zooplankton,
10 L of water were filtered. All zooplankton samples
were preserved in Lugol’s solution (Nogrady, et al., 1993;
Harris et al., 2000). The identification of zooplankton was
performed with the use of a light microscope Nikon
Alphaphot-2 as well as a Panasonic camera andMultiScan
computer software for image analysis.

The taxonomical identification of zooplankton was
made according to the commonly available studies and
keys (Flössner, 1972; Kiefer, 1978; Nogrady et al., 1993;
Einsle, 1996; Smirnov, 1996; Radwan et al., 2004; Rybak
and Błędzki, 2010).

To characterize the density–dominance relationship,
the Shannon–Weaver diversity index (Hk) was used.

The collection of samples was measured along with the
physical and chemical parameters of water, such as: Secchi
disk visibility (SD, m), temperature (WT, xC), oxygen
concentration (DO, mg.Lx1), saturation (DO sat., %),
conductivity (EC, mS.cmx1) and pH. Measurements of
physico-chemical parameters were performed by Multi
3430SET F WTW field probes. Data on the WL (cm) of
the Vistula River in Toruń were obtained from the
Meteorological and Hydrological Institute – the Regional
Hydrological and Meteorological Station in Toruń,
Poland.

A total of 36 observations were conducted, 19 during
potamophase (when the oxbow lake was connected with
the river) and 17 during limnophase (when the oxbow lake
was isolated from the river) (Fig. 2). We assumed that
limnophase will occur when the WL in the river is lower
than 231 cm (low water level), while potamophase, when
the WL is higher than 231 cm (medium and high WL
according to The Institute of Meteorology and Water
Management in Poland – IMGW).

A nonparametric Spearman rank R coefficient (IBM
SPSS (IBM Corp. Released, 2012)) was applied to analyze
the relationships between the number of species, the
total number of zooplankton, Hk and the environmental
factors.

A canonical correspondence analysis (CCA) was
performed using MVSP 3.22 software to show the
relations between zooplankton and physico-chemical

Fig. 2. Water level (WL, cm) in the Vistula River (black bars – potamophase, gray bars – limnophase).
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parameters at the investigated floodplain lake (Kovach,
2010).

Results

Physical and chemical parameters

During the research, water levels in the Vistula ranged
from 154 cm (September 17, 2008) to 525 cm (June 12,
2013) (average: 249 cm) (Table 1).

The average water temperature in the oxbow was
19.1 xC. In potamophase, the average temperature was
17.9 xC and in limnophase, 20.3 xC (Table 1).

The average water transparency was 54 cm and was
slightly higher during potamophase (Table 1).

The average oxygen concentration was 8.15 mg.Lx1

and was higher in limnophase (Table 1).
The average water pH was 8.5 and was similar during

the two phases.
The average electrolytic conductivity was 620 mS.cmx1

and was higher during limnophase (Table 1).

Zooplankton

In total, 73 species of zooplankton were identified
during the investigations, including 54 species of rotifers
(74%) and 19 species of crustaceans (26%). More
zooplankton species were recorded during potamophase

(63 species) than during limnophase (56 species). A higher
number of rotifer species determined the number of
zooplankton species in potamophase. During limnophase,
a lower number of rotifer species and a higher number
of crustacean species were recorded (Table 2). We noted
17 species specific for potamophase (13 rotifer species
and 4 crustacean species) and only 10 species specific for
limnophase (4 rotifer species and 6 crustacean species)
(Table 2).

During potamophase, the diversity index (Hk) was
higher (Table 3). The average number of species in a water
sample was also slightly higher.

The average zooplankton density was 2092 ind.Lx1.
The average zooplankton density during limnophase was
more than twice as high as during potamophase. Similarly,
rotifer density was more than twice as high and crustacean
zooplankton density three times as high as during
potamophase (Table 3).

Additionally, the number of dominant species and
larval forms of copepoda was higher than during
potamophase. Only Keratella cochlearis was more numer-
ous during potamophase (Table 3).

During limnophase, rotifer species Keratella tecta,
Brachionus angularis and Filinia longiseta were dominant
among zooplankton; larval forms of copepoda (nauplii)
and copepodites, as well as Bosmina longirostris, among
crustaceans.

During potamophase, K. cochlearis, Polyarthra long-
iremis and K. tecta were dominant among rotifers.
Bosmina longirostris, Diaphanosoma brachyurum and

Table 1. Physicochemical parameters in the oxbow lake and water level of the Vistula River in Toruń during potamophase

and limnophase.

Potamophase Limnophase

Mean Range Mean Range
WL (cm) 310 234–525 188 154–230
WT ( xC) 17.9 9.0–23.8 20.3 11.2–23.6
SD (m) 0.58 0.50–1.20 0.50 0.30–1.05
DO (mg.Lx1) 7.8 3.7–14.6 8.5 4.0–14.6
pH 8.4 7.8–8.9 8.6 7.7–10.5
EC (mS) 579 413–920 662 512–946

water level (WL, cm), temperature (WT, xC), Secchi disk visibility (SD, m), oxygen concentration (DO, mg.Lx1),
conductivity (EC, mS.cmx1).

Table 2. Total number of species and dominants in the zooplankton community during potamophase and limnophase.

Potamophase Limnophase
Rotifera 50 41
Crustacea 13 15
SUM 63 56
Dominant species and percent of domination Keratella cochlearis 29% Keratella tecta 42%

Polyarthra longiremis 15% Brachionus angularis 12%
Keratella tecta 14% Filinia longiseta 12%
Brachionus calyciflorus 8% Polyarthra longiremis 11%

Species typical for one phase 13* 4*
4** 6**

*Rotifera, **Crustacea.
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larval forms of copepods were dominant among crusta-
ceans.

The results indicate weak but statistically significant
correlations: between water temperature and the number
of species of crustacean zooplankton (r=0.566; Pj0.05)
and between water temperature and the density of
crustacean zooplankton (r=0.374; Pj0.05). WL in the
river was negatively correlated with the number of species
of crustacean zooplankton (r=x0.373; Pj0.05) and
with the density of crustacean zooplankton (r=x0.585;
Pj0.05). We also noted a negative correlation between
water temperature and the number of rotifer species
(r=x0.409; Pj0.05), and a positive correlation between
oxygen concentration and the density of rotifers (r=0.372;
Pj0.05) (Table 4).

CCA analysis indicates that the density and number
of species of crustaceans as well as the number of larval

forms of Copepoda depend on temperature. Higher
temperature during limnophase can promote the growth
of crustacean zooplankton. The species diversity index
(Hk), the number of species and density of rotifers, as
well as the total density of zooplankton were connected
with a rising WL, which could be observed during
potamophase.

Discussion

Oxbow lakes depend on cyclical flooding of the river
valley according to the flood-pulse concept (Junk, et al.,
1989). Flood-pulse dynamics determine the biocenosis and
environmental conditions in these lakes (Amorus and
Bornette, 2002).

Commonly, irregular water inflow from the river
destabilizes conditions in oxbow lakes, affecting water
transparency, water temperature and macrophyte growth.
These changes have an impact on the planktonic popula-
tion: phytoplankton is more abundant and diverse in lakes
connected to the river than in lakes isolated from the river
(Dembowska and Napiórkowski, 2015; Dembowska,
2015b). Water supply from the river should inhibit
macrophyte growth and increase phytoplankton biomass
(Joniak and Kuczyńska-Kippen, 2016). It should also
provide nutrients and intensify nutrient release from the
bottom sediments (Hein et al., 1999; Kasten, 2003;
Grabowska et al., 2014).

However, this pattern is observed only after intensive
flooding. Our research indicates that changes in environ-
mental conditions and the resultant shifts in the biocenosis
are closely related to the water inflow rate. Rapid and
abundant flooding can significantly affect the structure of
plankton communities in oxbow lakes, as was seen during
and after the flood of the Vistula River in 2010

Table 3. Diversity (Hk), number of zooplankton species, zooplankton density, density of dominant species during potamophase

and limnophase.

Potamophase Limnophase

Mean Range Mean Range
Hk 1.83 0.71–2.16 1.59 1.09–2.16
Sp 15 9–26 14 5–23
Sprot 13 7–23 11 2–19
Spcrust 3 1–6 4 1–6
N (ind.Lx1) 1230 35–6264 2953 104–18 144
Nrot (ind.L

x1) 1076 31–5914 2495 31–17 400
Ncrust (ind.L

x1) 154 3–926 458 35–1328
Keratella cochlearis* 340 3–4306 256 1–2224
Keratella tecta * 126 0–1172 982 0–11 352
Polyarthra longiremis* 180 0–822 253 0–2960
Brachionus angularis* 37 0–212 326 0–2168
Bosmina longirostris* 61 0–890 74 0–732
nauplii (copepoda)** 69 0–448 240 33–562

Shannon–Weaver diversity index (Hk), Sp – mean number of species, Sprot – mean number of rotifers species, Spcrust – mean number of
crustacean species, N – number zooplankton (ind.Lx1), Nrot – number of rotifers, Ncrust – number of crustacean.
*Number of dominant species of zooplankton (ind.Lx1).
**Number of nauplii (larval stage of copepods) (ind.Lx1).

Table 4. Nonparametric Spearman rank R coefficient for
parameters of the floodplain lake.

WL WT DO
Sprot 0.113 x0.409* x0.247
Spcrust x0.373* 0.566* x0.156
Sp x0.033 x0.141 x0.204
Nrot x0.188 x0.045 0.372*
Ncrust x0.585* 0.374* 0.093
N x0.287 0.059 0.332
Hk 0.293 x0.093 x0.159

Water level (WL, cm), temperature (WT, xC), oxygen
concentration (DO, mg.Lx1), Spec – mean number of species,
Specrot – mean number of rotifers species, Speccrust – mean
number of crustacean species, N – number zooplankton
(ind.Lx1), Nrot – number of rotifers (ind.Lx1), Ncrust – number
of crustacean (ind.Lx1), Shannon–Weaver diversity index (Hk).
*Pj0.05.
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(Napiórkowski and Napiórkowska, 2014). However, the
majority of our observations were taken when the water
inflow rate was low. We did not notice considerable
changes in the oxbow.

Water transparency in limnophase and potamophase
did not differ significantly. Similarly, only small differences
were recorded between the average values of several
physical and chemical parameters including DO, pH and
EC. It must be noted, however, that during potamophase,
water in the Vistula river, characterized by a stable oxygen
regime (Glińska-Lewczuk and Burandt, 2011), improved
the saturation of the oxbow.

Our observations indicate that a small supply of water
during potamophase enriched the oxbow with new
zooplankton species (mainly rotifers) and increased the
biodiversity index (Hk). Seventeen new species were
introduced into the oxbow with river water, while at the
same time, species typical of limnophase were not
destroyed. According to the intermediate disturbance
hypothesis (IDH), a small inflow of river water can
stimulate the development of a variety of zooplankton
species (Connel, 1978).

The IDH (Connel, 1978) predicts low species diversity
in habitats exposed to high levels of disturbance, where
only a small number of highly tolerant species can survive
or rapidly recolonize (Napiórkowski and Napiórkowska,
2014; Joniak and Kuczyńska-Kippen, 2016). According
to this hypothesis, low species diversity also occurs
under very low levels of disturbance, where highly
competitive species can monopolize resources. With
intermediate perturbation, species diversity is the highest
because a variety of taxa can tolerate the conditions,
but none can completely dominate the community (Ward
et al., 1999).

According to the IDH, the highest biodiversity index
Hk and the highest number of species were recorded during
potamophase, at a moderate, constant river inflow.
During the isolation, the lack of water supply guaranteed
no disturbances in the oxbow, which led to greater
zooplankton density with the dominance of few species.
Increased zooplankton density was accompanied by a
lower number of species and a lower zooplankton
biodiversity index Hk. Similarly to the oxbows of the
Danube (Schöll, 2010), as stated by IDH (Connel, 1978),
we observed the highest biodiversity where weak but
constant current was noted.

Although more species were identified during
potamophase, the same species were dominant in both
phases. However, their contribution was different.
Rotifers, accounting for nearly 90% of all organisms,
predominate in the zooplankton of the investigated
oxbow lake.

It has been suggested that the apparent pre-
dominance of rotifers in rivers and oxbow lakes
may be connected with their small size and relatively
short generation time compared with larger crustaceans
(van Dijk and van Zanten, 1995; Radwan et al.,
2004; Lair, 2006). In addition, rotifers appear to be
better adapted to adverse conditions of lotic and

semi-lotic habitats (Marneffe et al., 1996; Wilk-Woźniak
et al., 2014).

Despite a small river inflow into the lake, we noted
a negative impact of a higher WL (potamophase)
on the number of species and density of the crustacean
zooplankton (r=x0.373; r=x0.585 Pj0.05) (Table 4,
Fig. 2).

Temperature, one of the most important physical
parameters determining biological processes in the
aquatic environment (de Azevedo and Bonecker, 2003;
Vadadi-Fülöp et al., 2009), played an important role
during limnophase. With no water inflow from the
river, water temperature in the oxbow increased, thus
increasing the number of species and density of crusta-
ceans. Higher temperature promoted the growth
of Cladocera (Forro et al., 2008). Temperature was
positively correlated with both the number of crustacean
species and their density (r=0.566; r=0.374 Pj0.05)
(Table 4).

Elevated water temperature in the oxbow during
limnophase increases biomass of small algae (diatoms)
(Dembowska, 2015a; Dembowska and Napiórkowski,
2015), a good source of food for zooplankton (Kosiba
et al., 2017). This increases the density of rotifers
(a two-fold increase) and crustaceans (an almost three-fold
increase). In addition, the density of dominant organisms
is higher during limnophase. Our results confirm these
observations (Table 3).

CCA analysis confirmed a higher diversity index Hk
and a higher number of rotifer species and zooplankton
species at a higher WL (potamophase). At a lower
WL (limnophase), it was the temperature (WT) that
affected the number of crustacean species and their density
(Fig. 3).

Conclusions

During potamophase, the inflow of water from the
river to an oxbow lake may lead to an increased number of
species and a higher biodiversity index (Hk) according to
IDH.

The isolation of oxbow lakes during limnophase leads
to increases in their water temperature. This accelerates
the growth of phytoplankton (increased biomass) and
zooplankton (increased density of zooplankton including
rotifers and crustaceans, and increased number of crusta-
cean species).

However, even slightly increased WLs may result in a
decreased density of crustaceans and a lower number of
crustacean species during potamophase.

Moreover, even small changes in river hydrology may
affect environmental conditions in oxbow lakes, thus
affecting zooplankton populations.

In recent years, probably due to climate change, the
amount of precipitation has diminished. As a result, WLs
in rivers are low and potamophase is rare, causing oxbows
to remain isolated and to have low WLs. This increases
primary productivity and reduces biodiversity not only in
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oxbows but also in entire river valleys. For this reason,
measures need to be taken to protect these extremely
valuable ecosystems.
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2010. Influence of the Włocławek Reservoir on hydrochem-
istry and plankton of a large, lowland river (the Lower
Vistula River, Poland). Ecol. Eng., 36, 1747–1753. doi:
10.1016/j.ecoleng.2010.07.024.

Kiefer F., 1978. Freilebende Copepoda. In: Kiefer F. and
Fryer G. (eds.), Das zooplankton der Binnengewässer. 2,
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Pociecha A., Walusiak E., Pudaś K. and Szarek-Gwiazda
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(Kopački Rit Nature Park, Croatia). Hydrobiologia, 618,
77–88. doi: 10.1007/s00248-012-0016-z.
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Napiórkowski P. and Napiórkowska T., 2014. The impact of
catastrophic flooding on zooplankton. Pol. J. Environ. Stud.,
23, 409–417.

Neiff J.J., 1996. Large rivers of South America: toward the new
approach. Verh. Internat. Verein. Limnol., 26, 167–180.

Nogrady T., Wallance R.L. and Snell T.W., 1993. Rotifera,
biology, ecology and systematic – vol. 4. In: Dumont H.J.
(ed.), Guides to the Identification of the Microinvertebrates
of the Continental Waters of the World, SPB Acad. Publ.,
142 p.

Paidere J., 2009. Influence of flooding frequency on zooplankton
in the floodplains of the Daugava River (Latvia). Acta
Zoologica Lituanica, 19, 306–313. doi: 10.2478/v10043-009-
0036-1.

Paira A.R. and Drago E.C., 2007. Origin, evolution and types of
floodplain water bodies. In: Iriondo M.H., Paggi J.C. and
Parma M.J. (eds.), The Middle Paraná River: Limnology of
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