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ABSTRACT: Periphytic Cyanobacteria in different environments from the upper Parana river floodplain,
Brazil. The periphytic cyanobacteria community from the upper Parana river floodplain was
studied in two hydrological periods during 2001. In total, 137 taxa were registered, organized
in 42 genera, 15 families and 4 orders. Of those, 70 taxa were not previously registered for
the upper Parana river floodplain. Despite the anual variability and anthropogenic impacts,
the floodplain is characterized by two distinct periods, high and low waters. The
environments presenting the largest numbers of taxa, in decreasing order, during the high
water period were Pau Véio backwater, Clara lagoon, Cortado channel and Garcas lagoon.
However, during low waters, these environments were Clara lagoon, Pau Véio backwater,
Cortado channel and Garcas lagoon. Considering indicator value index species -INDVAL
(simple method to find indicator species and species assemblages characterizing groups
of samples), five species can be presumed as indicators for hydrological periods (Calothrix
brevissima G.S. West, Leptolyngbya perelegans (Lemmermann) Anagnostidis & Komarek,
Lyngbya sp., Merismopedia tenuissima Lemmermann and Oscillatoria limosa Agardh ex
Gomont) according to the specie’s morphologies.
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RESUMO: Cianobactérias perifiticas em diferentes ambientes da planicie de inundacgéo do alto rio Parana,
Brasil. A comunidade de cianobactérias perifiticas na planicie de inundacao do alto rio
Parana foi estudada em dois periodos hidroldgicos durante o ano de 2001. No total, 137
taxons foram registrados, organizados em 42 géneros, 15 Familias e 4 ordens. Desses, 70
taxons nao foram registrados previamente para a planicie de inundacao do alto rio Parana.
Apesar da variabilidade anual e dos impactos antropogénicos, a planicie é caracterizada
por dois periodos hidrologicos distintos, aguas altas e baixas. Os ambientes com maiores
numeros de taxons, em ordem decrescente, em aguas baixas foram o ressaco do Pau
Véio, lagoa Clara, canal Cortado e lagoa das Garcas. Entretanto, durante as aguas baixas,
estes ambientes foram a lagoa Clara, ressaco do Pau Véio, canal Cortado e lagoa das
Garcas. Considerando o indice de valor de indicador de espécies - INDVAL (método sim-
ples para encontrar espécies indicadoras e as assembléias que caracterizam grupos
amostrais), cinco espécies podem ser presumidas como indicadores nos periodos
hidroldogicos (Calothrix brevissima G.S. West, Leptolyngbya perelegans (Lemmermann)
Anagnostidis & Komarek, Lyngbya sp., Merismopedia tenuissima Lemmermann e Oscillatoria
limosa Agardh ex Gomont ) de acordo com a morfologia das espécies.

Palavras—chave: Cianobactéria, Planicie de inundacao, Alto rio Parana, Perifiton.

Introduction 1096; Lam & Lei, 1999; Cattaneo & Kalf,
1978). The wuses of algae periphytic
community in environment management
have been increased. Especially because

its way of sessil life and great wealth of

River-floodplain systems are
characterized by pronounced sazonality in
the hydrological level reflected in pulses

of energy and matter and considered as
the main power force acting on the
performance of such ecosystems (Neiff,
1990; Junk, 1996; Thomaz et al., 2004).

In periphyton, algae gains prominence,
therefore they play basic role as primary
producer and, consequently, assumes key
position in the food chain of continental
aquatic systems (Goldsborough & Robinson,

species, they present different preferences
and tolerances in environments (Rodrigues
et al., 2003).

Cyanobacteria has been noted in
several habitats, mainly on tropical areas,
therefore rejecting the paradigm that this
group is constituted of cosmopolitan
species. Great distinction of tropical habitats
and ecological diversity can explain the high
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morphotypic diversity (and speciation) of
cyanobacterial types. Such diversity is
probably based on fast adaptability and
genetic stabilization of new ecotypes and
morphotypes in environments (Rejmankova
et al., 2004).

The knowledge of species diversity and
understanding of ecosystem, as well as
environmental changes, are necessary for
effective protection and potential use of
cyanobacteria communities.

No study has ever been conducted in
the upper Parana river floodplain focusing
only cyanobacteria. The main issue to be
addressed in this work is whether the
cyanobacteria community will respond to
hydrological periods on the upper Parana
river floodplain and whether there are
indicative species.

Material and methods

Study Site

A qualitative and quantitative survey of
periphytic cyanobacteria was conducted in
four environments in the upper Parana river
floodplain, on the border between the

states of Parana and Mato Grosso do Sul
(22° 45" S; 53° 30' W). The selected
environments were: a) Clara lagoon, lentic
environment with no communication to the
main riverbed, located on Porto Rico Island;
b) Garcas lagoon, another lentic environment,
located on the right margin of Parana river,
with permanent communication through a
narrow channel; ¢) Pau Véio backwater, located
on Mutum Island, semilotic environment
presenting a dike separating it from Parana
river; d) Cortado channel, a lotic environment
in high waters and semilotic in low water
periods, located on the left margin of Parana
river (Fig. 1).

Collections of periphytic cyanobacteria
community were made in four environments
with distinct hydrodynamic regimens
semiannually during 2001, encompassing
both periods — high waters (HW, February)
and low waters (LW, August). The
standardized substract used for comparison
were mature stalks of Eichhornia azurea
Kunth in the adult Stadium, as
recommendation of Schwarzbold (1990),
which is present in all environments studied
and represent the most abundant
macrophyte in the floodplain.
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Figure 1:

Location of sample environments inserted in the upper Parana river floodplain. A= Cortado

Channel; B= Pau Véio Backwater; C= Clara Lagoon; D= Garc¢as Lagoon.
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The petioles were collected random,
in different banks of macrophyte, always in
replica, and conditioned in humid camera.
Removal of periphytic community from
substrata were (two petioles of different
plants) made in the field, using a shave
lamina and gush of destilled water.

Environmental Variables

Abiotic variables like as, transparency
(Secchi disk depth), conductivity, turbidity,
dissolved oxygen, water temperature, total
nitrogen (Guiné et al., 1980), ammonia, to-
tal phosphorus, orthophosphate and organic
nitrogen (Mackareth et al., 1978) were
measured simultaneously to the biotic.
Abiotic variables data were supplied by the
Laboratory of Basic Limnology, of the
Research Nucleus in Limnology, Ichthyology
and Aquiculture of the State University of
Maringa - Nupélia/UEM.

Periphytic Algae analysis

Periphytic cyanobacteria community
was taken to taxonomical analysis. This
material was fixed in acetic lugol 5% for
quantitative analysis, and for qualitative
analysis fixed and preserved in Transeau
solution (ratio 1:1). Fresh slides were
prepared until no new taxa occurred. This
analysis was performed in a binocular
microscope, coupled with a micrometric
eyepiece and 100X objective lens. Papers
of Anagnostidis & Komarek (1988);
Anagnostidis & Komarek (1990); Komarek &
Anagnostidis (1986) and Komarek &
Anagnostidis (1989) were used for the main
identification.

Material fixed for quantification of
periphytic cyanobacteria community was
packed in a known volume and counted
according to Utermohl (1958) and through
random fields, as recommended by Bicudo
(1990). The results were expressed as
organisms per area of substract. Chambers
with 2.8 or 2.9 ml were used for the
sedimentation of biological material. The
density was calculated through an equation
based on Ros (1979) and adapted to the
area of substract.

Data analysis

Principal Components Analysis
(correlation matrix) was accomplished for
ordination of hydrological periods and
environments, in relation to the limnological
variables analyzed. The software used was

Pc-Ord, version 5.0 for windows (McCune &
Mefford, 1990).

Analysis of indicating species was used
(INDVAL) (Dufréne & Legendre, 1997), as tool
in the determination of the preferences of
the identified species for habitats that
present specific environments
characteristic. This method combines
information on abundance of a species in
one determined group of samples units and
the allegiance of the occurrence of this
species in a certain group of samples.
Indicative values are calculated for each
species inside of each group, and these
are tested for the significance statistics
using the Monte Carlo test. The software
used for multivaried analyses was the
program PC-ORD, version 5.0 for windows
(McCune and Mefford, 1990).

The similarity of periphytic algae
between different environments and
hydrological periods was measured by
grouping analysis (UPGMA). In this analysis,
it was used the criterion of presence and
absence in accordance with program NTSYS
version 1.5 (Rohlf, 1989); with determination
of the distance through Jaccard index.

Dominant species were defined
according to Lobo & Leighton (1986), those
showing density superior to 50% of total
sample density, whereas abundant species
as those showing densities superior to the
average density on each sample.

The values of fluviometric level of
Parana River was supplied by the Agéncia
Nacional das Aguas (ANA) and obtained in
the meteorological station of Porto Sao José
(Parana state).

Results

The hydrological cycle of Parana river,
in the study region, presents two distinct
phases: high waters that occur during the
period of higher temperatures, and low
waters, during colder months (Fig. 2).
Therefore, it is obvious that several flood
pulses occur during the same hydrological
cycle, mainly on high waters. During low
waters period, these environments present
limnological characteristics best associated
to autochthonous processes, whereas
during high waters these characteristics
tend to be more similar.

Principal Component Analysis (PCA)
demonstrated that, the first two axis
accounted for 65.8% of total variation,
showing two groups. The first axis (43.1%)
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separated all environments connected to
the main riverbed from that not connected
(Clara lagoon), according to the parameters:
oxygen and turbidity (positively) and nutrient
forms (negatively). The second axis (22.8% )

discriminated the hydrological periods (HW
and LW) according to conductivity
(positively) and water temperature, Secchi’s
disk depth and total nitrogen (negatively)
(Fig. 3: Tab. ).
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Figure 2: Hydrometric level of Parana river during 2001. Arrows indicate collection periods. Source:

Agéncia Nacional das Aguas (ANA).
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Figure 3: Principal Component Analysis (PCA) related to abiotic variables registered in four environments
of the upper Parana river floodplain, in two hydrological periods. Temp.= temperature; Secchis=
Secchi disk depths; NT= total nitrogen; Cond.= conductivity; Turb. Turbidity; NH,= ammonium;
N-org.= organic nitrogen: PT= total phosphorus; PO, = orthophosphate; O,= dissolved oxygen .
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Table 1. Correlations of variables with Principal Components 1 and 2.

Variable Axis 1 Axis 2
Secchi -0.1291 -0.4107
Temperature (H,O) 0.2655 -0.4116
Conductivity 0.0116 0.4298
Turbid -0.3686 -0.0274
oxygen 0.3624 0.0752
TN -0.2751 -0.3871
NH, -0.3187 0.0385
N-org -0.3123 -0.2524
P -0.3673 0.0333
PO, -0.2930 0.2476
% Variation explained 43.1 22.8
Broken-stick 3.2 2.2

The periphytic cyanobacteria community
in the four analyzed environments totaling
137 taxa organized in 42 genus, 15 families
and 4 orders. The most representative order
was Oscillatoriales (73) and the most
representative family was
Pseudanabaenaceae (24 taxa) (Tab 1I).

Among taxa surveyed, 70 were not yet
reported for the upper Parana river
floodplain. According to taxon abundance,
the high waters period presented the
highest number (73 taxa) compared to low
waters (58 taxa), demonstrating a significant
difference (p= 0.00)

Table II: Species of cyanobacteria in the environments for each studied hidrological period in 2001. CC=
Cortado Channel, RPV= Pau Véio Backwater, LG= Garcas Lagoon, LC = Clara Lagoon; HW= High

waters, LW= Low waters.

Water Phases

Sampling sites

HW LW
CCRPV LG LC CC RPV LG LC

Order Chroococcales

Family Chroococcaceae

Chlorogloea sp

Chroococcus dispersus (Keissler) Lemmermann
C. cf. major Komarek & Komarkova-Legnerova *
C. limneticus Lemmermann

C. minor (Kutzing) Nageli*

C. minutus ((Kutzing) Nageli*

Chroococcus sp

Chroococcus spl

Family Chamaesiphonaceae

Chamaesiphon sp

Family Microcystaceae

Anacystis sp

Anacystis spl

Aphanothece microscopica Nageli *
Aphanothece sp

Aphanocapsa parasitica (Kutzing) Komarek & Anagnostidis*

Aphanocapsa sp

X
X
X X X
X
X X
X
X X
X
X X X
X
X X
X
X X
X X X X
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Table 11: Cont.

Aphanocapsa spl X
Aphanocapsa sp2 X
Cyanodiction sp X
Gomphosphaeria sp X X
Merismopedia duplex Playfair* X
M. cf. minima Beck* X
M. glauca (Ehrenberg) Nageli* X
M. tenuissima Lemmermann X X X X
Merismopedia sp X X X
Synechocystis aquatilis Sauvageau* X X
S. pevalekii Ercegovic* X X
Synechocystis sp X
Synechococcus elongatus (Nageli) Nageli* X
S. cf. sulfuricus Dor* X
S. mundulus Skuja* X X X X X
Synechococcus sp X X X
Synechococcus spl X X
Order Nostocales
Family Microchaetaceae
Microchaete tenera Thuret X
Microchaete sp X
Family Nostocaceae
Anabaena affinis Lemmermann® X
A. cylindrica Lemmermann X X X X X X
A. subcylindrica Borge* X X
A. sphaerica Bornet & Flahault* X X
Anabaena sp X
Anabaena spl X
Anabaena sp2 X
Anabaenopsis sp X X
Aphanizomenon flos-aquae (L.) Ralfs*
Cylindrospermopsis raciborski (Woloszynska)
Seenayya & Suba Rajir X X X X
Cylindrospermum catenatum Ralfs* X
C. musicola Bornet & Flahault X X X
Nodularia sp X
Nostoc muscorum Agardh* X
Nostoc sp X X X
Family Rivulariaceae
Calothrix brevissima west X X X X X
C. cylindrica Frémy* X
C. fusca (Kutzing) Bornet & Flahault X X X X
Calothrix sp X
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Table 11: Cont.

Calothrix spl

Calothrix sp2

Rivularia cf. aquatica wild*

R. cf. globiceps West*

Rivularia sp X
Family Scytonemataceae

Scytonema chiastrum Geitler*

S. mirabilis (Dillw) Bornet*

Order Oscillatoriales

Family Borziaceae
Borzia trilocularis Conh ex Gomont* X
Borzia sp
Komvophoron crassum (Vozzen) Anagnostidis & Komarek* X
K. schmidlei (Jaag) Anagnostidis & Komarek*
Komvophoron sp
Family Homoeotrichaceae
Heteroleibleinia Kuetzingii (Schmidle) Compere*
Family Oscillatoriaceae
Lyngbya cebenensis (Gomont) Compére*
L. lagerheimii (MObius) Gomont X
L. comperei Senna X
L. gomontiana Senna*
L. nigra Agardh ex Gomont
L. cf. polysiphonae Frémy*
Lyngbya sp
Lyngbya spl X
Lyngbya sp2
Oscillatoria annae van Goor*
limosa Agardh*
. princeps Vaucher ex Gomont X
. proteus Skuja* X

. cf. proteus Skuja* X

@]
@]
@]
@]
O. rupicola Hansgirg* X
O. trichoides Szafer* X
O. cf. sancta Kutzing*

O. sancta Kutzing*

@]

. subbrevis Schmidle*

Family Phormidiaceae

Phormidium amphibium (Agardhii ex Gomont)Anagnostidis &
Komarek

P. irriguum (Kutzing ex Gomont) Anagnostidis & Komarek *
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Table 11: Cont.

P. cf. javonensis Vouk* X

P. willei (Gardner) Anagnostidis & Komarek* X X
P. autumnale (Agardhii) Gomont* X

P. molle Gomont* X

P. natans (Kuetzing ex Gomont) Senna & Compére * X X X

P. Retzii (Agardhii) Gomont* X X

P. cf. favosum Gomont#* X

P. jadinianum Gomont X

P. simplicissimum (Gomont) Anagnostidis & Komarek * X

P. cf. simplicissimum (Gomont) Anagnostidis & Komarek* X X

Phormidium sp X
Planktothrix agardhii (Gomont) Anagnostidis & Komarek X X
P. prolifica (Gomont) Anagnostidis & Komarek* X

Porphyrosiphon martensianus (Meneghini ex Gomont)

Anagnostidis & Komarek X

Spirulina laxa Smith* X X

S. princeps west & west X X
Spirulina sp X X

Trichodesmium lacustre (Klebahn) Ehrenberg ex Gomont* X X X X

Tychonema granulatum (Gardner) Anagnostidis & Komarek* X X
Tychonema sp X

Family Pseudanabaenaceae

Geitlerinema splendidum (Greville ex Gomont) Anagnostidis X X X X
Geitlerinema unigranulatum (Singh) Komarek & Azevedo* X X X X
Jaaginema geminatum (Meneghini ex Gomont) Anagnostidis &

Komarek X X X X

J. cf. homogeneum (Frémy) Anagnostidis & Komarek* X X

J. pseudogeminatum (Schmid) Anagnostidis & Komarek* X X

J. quadripunctulatum (Brihl & Bisw) Anagnostidis & Komarek X X X

J. cf. subtilissimum (Kutzing ex De Toni) Anagnostidis & Komarek X

J. cf. thermalis (Lemmemann) Anagnostidis & Komarek X

Leibleinia epiphytica (Hieronymus) Anagnostidis & Komarek X X X X X

L. cf. epiphytica (Hieronymus) Anagnostidis & Komarek X

L.subtilis Anagnostidis & Komarek* X

Leptolyngbya fragilis (Gomont) Anagnostidis & Komarek* X

L. perelegans (Lemmermann) Anagnostidis & Komarek* X X X X X X
L. purpurascens (Gomont ex Gomont) Anagnostidis & Komarek* X

L. ramosa (Petersen) Anagnostidis & Komarek* X X

L. valderiana (Gomont) Anagnostidis & Komarek * X

L. thermalis (Lemmermann) Anagnostidis* X X X X X X X X

Planktolyngbya tallingii Komarek & Kling *
Pseudanabaena catenata Lauterborn X X X
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Table 11: Cont.

P. galeata Bocher* X X
P. moniliformes Komarek & Kling* X X

Psecudanabaena sp X

Pseudanabaena sp2 X

Pseudanabaena sp3 X X X X

Family Schizotrichaceae

Schizotrhix lamyi Gomont* X

Order Stigonematales

Family Mastigocladaceae

Hapalosiphon arboreus west & West X X
H. luteolis west & West* X X X
Family Stigonemataceae

Stigonema sp X

Stigonematales X

* first citation for the upper Parana river floodplain.

Twenty nine exclusive taxa were Aphanocapsa Sp.) occurred in all
registered in Pau Véio backwater, followed environments studied, and therefore can be
by Cortado channel (21) and Clara lagoon considered as largely distributed
(17), whereas Garcas lagoon only 8 ecologically.
exclusive taxa. The cluster analysis revealed low

Only nine taxa out of the total sample similarity among sampling periods,
(Pseudanabaena Sp3, Leptolyngbya although two groups can be recognized:
thermalis, Geitlerinema unigranulatum, Group I encompassed all environments
Trichodesmiun lacustre, Oscillatoria during high waters and group 2 during low
princeps, Calothrix fusca, Calothrix waters (r= 0.93) (Fig. 4).
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Figure 4: Cluster among periphytic cyanobacteria communities in four environments (LG- Gargas Lagoon;
LC - Clara Lagoon; RPV - Pau Véio Backwater; CC - Cortado Channel) in the upper Parana river
floodplain, in two hydrological periods (HW-high waters and LW-low waters).
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During high waters, Pau Véio backwater
presented the highest number of species
(56 taxa), followed by Clara lagoon, Corta-
do channel and Garcas lagoon. During low
waters, Clara lagoon presented higher
richness (24 taxa), followed by Pau Véio
backwater, Cortado channel and Garcas
lagoon. There was no significant difference
among the various hydrodynamic regime
(environments) and the corresponding
hydrological periods (HW and LW)
(respectively, p= 0.2 and p= 0.3).

Dominant species, were not found in
the study environments, whereas, 61 taxa
were considered abundant. All
environments presented a larger number
of abundant taxa during the high water
period, except for Clara lagoon, where there
was no variation.
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Leptolyngbya thermalis was found in
all environments and hydrological periods,
evidencing the abundance of this taxon in
the upper Parana river floodplain. This
species promptly responded to oxygen, pH,
PO,, inorganic N, water temperature and
Secchi’'s disk depth values. Environmental
variables O,, pH and water temperature
followed the same pattern as that observed
in the Leptolyngbya thermalis density,
whereas PO, inorganic N and Secchi's disk
depth patterns were reversed (Fig. 5).

Considering INDVAL values over 50% ,
five species can be considered as indicators
for environmental conditions, representing
the hydrological periods: Calothrix
brevissima, Leptolyngbya perelegans,
Lyngbya sp, Merismopedia tenuissima and
Oscillatoria limosa (Tab. III).
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Figure 5: Relationship of environmental variables with Leptolyngbya thermalis density. Solid lines-=
Leptolyngbya thermalis density, and dashed lines= variables environmental.

Table I1l1I: Indicative Values (INDVAL) of species according to hydrological periods (HW= high waters and
LW=low waters); p is type | error probability, obtained by Monte Carlo testing. Highlighted

values represent indicative species in any
indicative values for randomized groups.

hydrological period. CV = variation coefficient of

. INDVAL
Species

HW LW p (')
Calothrix brevissima 63 o) 0.026 62.5
Leptolyngbya perelegans 63 0] 0.024 62.5
Lyngbya sp. 100 0 0.001 100
Merismopedia tenuissima 1 59 0.019 59
Oscillatoria limosa 63 o) 0.026 62.5
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Discussion

Hydrological level of Parana river assu-
mes a key role in temporal and spatial
variation patterns of the systems in the
upper Parana river floodplain (Agostinho &
ZalewisKki, 1996; Thomaz et al., 2004;
Rodrigues & Bicudo, 2001). They also
showed the controlling role that the
hydrodynamical regime of environments
associated to the river take on over their
functioning, as it was observed in the
present study. The hydrological pulse is one
of the most important macrofactors
determining the periphytic cyanobacteria
community in environments in the upper
Parana river floodplain.

The littoral area of water bodies is an
excellent habitat for aquatic communities,
mainly during the high waters period, since
the presence of aquatic macrophyte
stimulates development of periphytic algae
and therefore of cyanobacteria, by supplying
substratum for fixation and due to the large
quantity of nutritive material created by the
process of aging and death (Rodrigues &
Bicudo, 2001).

The highest specific abundance during
the high waters period is probably based
in the homogenizating effect of the
floodplain as proposed by Thomaz et al.
(2004), when fluctuations on hydrometric
levels keep the river-floodplain connection
determine seasonality of limnological
factors. Also, the larger number of species
in that period is possibly related to higher
water temperatures, intake of propagules
and low concentration of phosphorus, since
the storage of phosphorus in cyanobacteria
may be higher than in other microalgae,
providing competitive advantage (Paerl,
1998; Oliver & Ganf, 2000). The lower
conductivity in this hydrological period
potentiate the development of this group
of algae (Branco et al., 2001). According to
Biggs (1990), conductivity has no direct
relationship to cyanobacteria, but it indicates
the relative level of nutrients available to
this community.

The high abundance in Clara lagoon
was probably influenced by its high turbidity,
(Oliver & Ganf, 2000), it was found an
inverse correlation between cyanobacteria
and solar radiation intensity, as there was
a decrease in photopigments (phycocyanin
and Chlorophyll a) on high levels of solar
radiation.

Abundance of periphytic cyanobacteria
in four environments in the upper Parana
river floodplain is indirectly characterized
by nutrient availability. As the increase or
decrease of phosphorus and nitrogen forms
(Paerl, 1998; Huszar et al.,, 2000), it is directly
related to hydrometrical level. The
community of periphytic cyanobacteria is
influenced by hydrological period,
hydrodynamic regime and temperature,
which are the determining factors in the
composition of this group of algae
(Steinberg & Hartmann, 1988; Huszar &
Caraco, 1998).

The hydrological period has also
influenced the morphological types of
cyanobacteria species prevailing in both
periods (Komarek et al., 2003; Watson et
al., 1997). Considering INDVAL, the high
waters period presented filamentous
indicative species, whereas in low waters
the species had a colonial coccoid
morphology. According to Paerl (1998),
several genera of cyanobacteria, colonial
or filaments, are capable of regulating their
development to physiological and
environmental requirements. Dokulil &
Teubner (2000) refer the formation of
colonies or aggregates of decisive
importance to physiology and environmental
response of cyanobacteria.
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