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Abstract

A bacterial community has a central role in nutrient cycle in aquatic habitats. Therefore, it is impor-

tant to analyze how this community is distributed throughout different locations. Thirty-six different

sites in the upper Paraná River floodplain were surveyed to determine the influence of environmental

variable in bacterial community composition. The sites are classified as rivers, channels, and

floodplain lakes connected or unconnected to the main river channel. The bacterial community struc-

ture was analyzed by fluorescent in situ hybridization (FISH) technique, based on frequency of the

main domains Bacteria and Archaea, and subdivisions of the phylum Proteobacteria (Alpha-proteo-

bacteria, Beta-proteobacteria, Gamma-proteobacteria) and the Cytophaga-Flavobacterium cluster. It

has been demonstrated that the bacterial community differed in density and frequency of the studied

groups. And these differences responded to distinct characteristics of the three main rivers of the

floodplain as well as to the classification of the environments found in this floodplain. We conclude

that dissimilarities in the bacterial community structure are related to environmental heterogeneity,

and the limnological variables that most predicted bacterial communities in the upper Paraná River

floodplain was total and ammoniacal nitrogen, orthophosphate and chlorophyll-a.
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Introduction

Bacteria could be considered as a base in planktonic

food chains in many aquatic ecosystems, having an impor-

tant role in the carbon cycle to the atmosphere. In floo-

dplain environments, for instance, heterotrophic bacteria

may be an important link for dissolved organic matter to re-

turn to higher trophic levels through the microbial loop

(Azam et al., 1983, Cotner and Bidanda, 2002).

Several studies have demonstrated that bacterio-

plankton communities differ in density in floodplains.

These variations might be due to nutrient content and car-

bon quality (Teixeira et al., 2011), the origin (autochtho-

nous and allochthonous) of the carbon present in floodplain

lakes (Carvalho et al., 2003), and the period of the hydro-

logical pulse (Anésio et al., 1996; Kobayashi et al., 2009,

Palijan and Fuks, 2006). Still few studies focused in the

structure of this community in floodplain systems.

Differences in bacterial community composition may

be caused by physical and chemical characteristics of the

water (Nelson et al., 2006, Shade et al., 2007), by the com-

position of other planktonic communities (Kent and Jones,

2006; Newton et al., 2006), algae biomass, organic and in-

organic nutrients (Besemer et al., 2005), trophic state and

humic content (Haukka et al., 2005). In addition, many

studies about bacterial communities also state that their di-
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versity may be influenced by geographical distances (Oda

et al., 2003, Papke et al., 2003, Whitaker et al., 2003).

The upper Paraná River floodplain is a very extensive

floodplain system that presents a great variety of environ-

ments, classified as floodplain lakes, channels, rivers, and

others environments entirely covered by aquatic vegetation

and transition, terrestrial and riparian zones (Thomaz et al.,

2007). The different environments found in this floodplain

are different in the physical and chemical properties of the

water, its depth, flow and connectivity to the main river

channel (Thomaz et al., 2007, Tockner et al., 2000). The

upper Parana River floodplain comprises three different

main rivers, each one presenting different limnological

characteristics that may increase even more the heterogene-

ity of the floodplain in large scale studies (Roberto et al.,

2009). Because of these differences, bacterial communities

in different environments in this floodplain may also pres-

ent distinct patterns of distribution.

Although differences in bacterial communities be-

tween two floodplain lakes in the Paraná River floodplain

have already been observed before by Lemke et al. (2009),

few studies about bacterial community structure was done

in other floodplain environments. The influence of the dif-

ferent rivers on bacterial community structure in the upper

Paraná River floodplain wasn’t considered yet.

We performed a characterization of bacterioplankton

communities on the frequencies of the main bacterial

groups in 36 sites in the upper Paraná River floodplain in

order to i) verify the existence of differences in bacterial

community structure throughout the studied sites, ii) evalu-

ate spatial distribution of bacterial community structure, iii)

observe whether environmental dissimilarities promote

dissimilarities in bacterial communities and iv) identify

which set of environmental factors influences bacterial

community structures the most.

Materials and Methods

Study area

The study was performed in different environments

on the upper Paraná River floodplain (Figure 1). These en-

vironments differ in depth, flux velocity, and connectivity.

In addition, the large variety of physical and chemical fea-

tures caused by the three main rivers that comprise this

floodplain, generate a great heterogeneity when large scale

studies are performed (Roberto et al., 2009). We consid-

ered three subsystems (Paraná, Baía and Ivinhema) regard-

ing these rivers and their influence on the environments.

The area of this study is located in the Paraná River floo-

dplain downstream to the mouth of the Paranapanema

River up to the first junction of Ivinhema River with the

Paraná River. Sampling sites and their main features are

found in Table 1.

Samples

The samples were collected in 36 different sites in the

upper Paraná River floodplain, in December 2010, during a

Long Term Ecological Research (LTER). Four samples

were collected in the surface (� 0.15 m depth) at each site

(three to analyze bacterial community and one for limno-

logical analysis).

Limnological Analysis

Water level variations were obtained from data col-

lected in a fluviometric ruler located in the Nupelia Field

Laboratory, in Porto Rico, state of Paraná.

We measured water temperature (T), dissolved oxy-

gen (DO), pH and electrical conductivity (Cond.) through

portable potentiometers (YSI). Water transparency was as-

sessed through Secchi disc depth and total alkalinity (Alk.)

estimated through using Gran titration and calculated with

inorganic carbon (Carmouze, 1995).

The water samples collected for limnological analysis

in each site were kept in dark coolers. These samples were

used to determine total, organic and inorganic suspended

material concentration (TSM, OSM and ISM) according to

Wetzel and Likens (Wetzel e Likens, 1990); and chloro-

phyll-a (Chl-a) according to Golterman, Clymo and

Ohnstad (1978). Total Nitrogen and Nitrate (TN and NO3
-)

were determined by spectrophotometer (Zagatto et al.,

1981) and ammoniacal nitrogen concentrations (N-NH4
+)

were measured according to Mackereth, Heron and Talling

(1978). Total Phosphorus and Orthophosphate (TP and

PO4
3-) were determined by spectrophotometer according to

Golterman, Clymo and Ohnstad (1978).

Bacterial community

We performed the FISH technique in order to analyze

planktonic bacterial community based on Pernthaler et al.

(2001) with some adaptations. Samples were fixed with

paraformaldehyde (final concentration 2%) and kept at

4 °C for about 24 h, and then concentrated in white poly-

carbonate membranes (0.2 �m, 25 mm, Whatman). Mem-

branes were kept frozen until analysis in the laboratory was

performed.

The membranes were divided and each piece received

a treatment with a probe to a bacterial division and hybrid-

ization buffer solution (0.9 M NaCl, 20 mM Tris-HCl,

5 mM Etilenodiamine Tetra-acetic Acid, 0.01% Sodium

Dodecil Sulfate and variable formamide concentration, ac-

cording to Table 2).The hybridization occurred in a dark

chamber at 42 °C for 8-10 h. After this period, membranes

were submerged in a washing buffer solution (20 mM

Tris-HCl, 10 mM Ethylenediamine Tetra-acetic Acid,

0.01% Sodium Dodecyl Sulfate and variable concentra-

tions of NaCl, according to Table 2) in a dark chamber at

48 °C for 15 min. They were also stained with 4’6- Diami-

dine-2Phenylindole (DAPI) for about 5 min and washed
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three times in 80% alcohol. Each fraction of the filters re-

ceived a mixture 4:1 of Vectashield and a solution of 7:3

glycerol: phosphate buffered saline solution and were ana-

lyzed using an epifluorescence microscope (Olympus,

BX51).

We analyzed bacterial community structure accord-

ing to its great domains Bacteria and Archaea, subdivisions

of the phylum Proteobacteria: Alpha-proteobacteria, Beta-

proteobacteria, Gamma-proteobacteria, and the group

Cytophaga-Flavobacterium (Table 2). We also used a con-

trol probe in order to identify unspecific stain and

auto-fluorescence as proposed by Amann et al. (1995).

Some random bacterial cells were selected and mea-

sured to analyze bacterial biomass. Bacterial cell volume

was calculated according to Fry (1990), and the conversion

to biomass considered 1 �m3 = 3.5 x 10-13 grams of Carbon

according to Bjorsen (1936).

Statistical analysis

All abiotic variables - except pH - were log10(x) modi-

fied and summarized in a Principal Component Analysis

(PCA), in order to analyze the limnological differences

among Subsystems and among rivers, channels and

floodplain lakes. We used the “broken-stick” model to de-

termine which axes would be considered in the analysis

(Jackson, 1993).

Bacterial community structure was analyzed consid-

ering total bacterial density (cells x mL-1) and frequency of

main groups of bacteria, estimated in percentage in order to

evaluate the importance of each group in relation to the en-

tire bacteria community.

We analyzed the normality and homoscedasticity as-

sumption by Shapiro-Wilk and Levene, respectively. When

the assumptions were reached a parametric analysis of vari-

ance (ANOVA) was performed when the assumptions

weren’t significant we performed a non-parametric analy-

sis of variance (Kruskal-Wallis) instead. We considered

significant p < 0.05. For the variance analysis of bacterial

community we applied the mean value of the three samples

collected in each site when the subsystems and different

rivers, channels, and floodplain lakes were considered as

replicates.

The Mantel Test was performed in order to verify

whether limnological dissimilarities also promotes bacte-

rial community dissimilarities (Legendre and Legendre,

1998). We compared two dissimilarities matrices: limno-

logical dissimilarities were analyzed using Euclidean Dis-

tance while bacterial community dissimilarities were

analyzed using the Morisita-Horn index (Wolda, 1981).

And the best subset of limnological data that most influence

bacterial community was selected by Bio-Env analysis per-

formed through R software (Clarke and Ainsworth, 1993).

In order to evaluate bacterial distribution according to

the subset of limnological data that most influences bacte-
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Figure 1 - Sampling sites 1) Peroba Lake; 2) Ventura Lake; 3) Zé do Paco Lake; 4) Ipoitã Channel; 5) Boca do Ipoitã Lake; 6) Patos Lake; 7) Capivara

Lake; 8) Ivinhema River; 9) Finado Raimundo Lake; 10) Jacaré Lake; 11) Sumida Lake; 12) Cervo Lake; 13) Cortado Channel; 14) Pombas Lake; 15)

Curutuba Channel; 16) Manezinho Backwater; 17) Osmar Lake; 18) Traíra Lake; 19) Guaraná Lake; 20) Bilé Backwater; 21) Leopoldo Backwater; 22)

Genipapo Lake; 23) Clara Lake; 24) Pau Véio Backwater; 25) Paraná River; 26) Pousada Lake; 27) Garças Lake; 28) Baía River; 29) Fechada Lake; 30)

Pousada das Garças Lake; 31) Porcos Lake; 32) Aurélio Lake; 33) Baía Channel; 34) Maria Luiza Lake; 35) Gavião Lake; 36) Onça Lake (Adapted from

www.peld.uem.br).
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Table 1 - Physical characteristics of the sampling sites in Paraná River Floodplain*.

Sampling sites Subsystem Connection to the river Area (ha) Mean depth (m)

Cortado Channel Paraná Channel ** 1.3

Leopoldo Backwater Paraná Connected 2.95 3.1

Manezinho Backwater Paraná Connected 0.1 2.1

Garças Lake Paraná Connected 14.1 2.0

Bilé Backwater Paraná Connected ** 1.3

Pombas Lake Paraná Connected ** 3.3

Pau-véio Backwater Paraná Connected 3.0 1.8

Osmar Lake Paraná Unconnected 0.006 1.1

Genipapo Lake Paraná Unconnected 0.06 0.96

Clara Lake Paraná Unconnected 0.91 1.2

Pousada Lake Paraná Unconnected 12.7 0.39

Ipoitã Channel Ivinhema Channel ** 3.2

Sumida Lake Ivinhema Connected 67.4 1.6

Boca do Ipoitã Lake Ivinhema Connected 2.3 3.6

Peroba Lake Ivinhema Connected 12.2 3.1

Finado Raimundo Lake Ivinhema Connected 84.9 3.2

Patos Lake Ivinhema Connected 113.8 3.5

Zé do Paco Lake Ivinhema Unconnected 2.7 3.9

Capivara Lake Ivinhema Unconnected 7.2 3.6

Ventura Lake Ivinhema Unconnected 89.8 2.16

Cervo Lake Ivinhema Unconnected 7.81 2.0

Jacaré Lake Ivinhema Unconnected 6.96 2.14

Baía Channel Baía Channel ** 2.0

Curutuba Channel Baía Channel ** 2.7

Gavião Lake Baía Connected ** 2.2

Guaraná Lake Baía Connected 4.2 2.1

Porcos Lake Baía Connected 6.2 2.3

Onça Lake Baía Connected 27.2 2.0

Maria Luiza Lake Baía Connected 14.7 3.3

Aurélio Lake Baía Unconnected 0.43 1.95

Fechada Lake Baía Unconnected 7.5 2.46

Traira Lake Baía Unconnected 0.47 2.1

Pousada das Garças Lake Baía Unconnected 3.8 2.3

*Data obtained from Research Report of Long Term Ecological Research (Fundação Universidade Estadual de Maringá).

**Missing data are not included in the report.

Table 2 - Probe sequences and concentrations of formamide and NaCl used in hybridization and washing buffer.

Probe Sequence Form(%)* NaCl (mM)** Reference

EUB338R 5’ - 3GCT GCC TCC CGT AGG AGT - 3’ 30 102 Amann et al., 1990

Arc344 5’- TCG CGC CTG CTG CIC CCC GT -3’ 30 102 Raskin et al., 994

Alf986 5’ - 3GG TAA GGT TCT GCG CGT T - 3’ 30 102 Neef, 1997

Bet42a 5’ - 3GC CTT CCC ACT TCG TTT - 3’ 30 102 Manz et al., 1992

Gam42a 5’ - 3GC CTT CCC ACA TCG TTT - 3’ 30 102 Manz et al., 1992

CF319a 5’- 3TG GTC CGT GTC TCA GTA C - 3’ 35 80 Manz et al., 1996

*Formamide concentration in hybridization buffer.

** NaCl concentration in washing buffer.



rial community we performed a Canonical Correspondence

Analysis (CCA). The analyses were performed using

Statistica 7.1 (Statsoft Inc. 2005), PcOrd 5 (Mccune and

Mefford, 1999) and R software (R Development Core

Team, 2011), Vegan package (Oksanen et al., 2011).

Results

The samples were collected in December/2010. This
period correspond to flood period of the hydrological pulse
in the upper Paraná River floodplain. The mean hydrologi-

cal level during the sampling month was 2.94 m (� 0.22 m),
minimum of 2.20 m and maximum of 3.40; this means in-
termediary levels between high and low water phases.

We retained the two first axes of the PCA using the
Broken-Stick criterion. Together, these axes represent
57.48% of data (axis 1 = 41.09%; axis 2 = 16.38%). In the
first axis OSM (r = 0.85) and NO3

- (r = 0.83) presented
higher positive correlations, while chlorophyll-a (r = -0.70)
negative correlation. In the second axis, alkalinity (r = 0.50)
presented higher positive correlation and ISM (r=-0.72)
correlated negatively in this axis (Figure2).

Limnological differences of the three rivers compris-
ing the floodplain allowed a clear division of the subsys-
tems in PCA, mainly the Baía Subsystem (Figure 2). Only
the first axe eigenvalues presented significant differences
that distinguished the Baía Subsystem from the others
(F(2;33) = 15.3276; p = 0.00002). No significant differences
were found among connect and unconnected floodplain
lakes, channels and rivers in any PCA axis. Then, through
limnological variables we were able to distinguish clearly
the three subsystems, but not the different environment
classifications, such as connected or unconnected lakes,
rivers and channels. And the bacterial community structure
may also follow this pattern.

Limnological data for each subsystem is shown in Ta-
ble 3. Paraná Subsystem presented higher values of con-
ductivity, TSM, OSM and alkalinity; Baía System
presented higher values of total nitrogen and phosphorus. A
higher value in turbidity was observed in Ivinhema Subsys-
tem.

The non parametric variance analysis presented sig-
nificant differences among subsystems in total bacterial
density (KW-H(2;36) = 6,2748; p = 0,0434). The Baía Sub-
system presented the highest bacterial density 7.79 x 106

Bacterial community in Paraná River 1191

Figure 2 - PCA performed with log (x) modified limnological data. Ordination of the scores for each sampling site in relation to axes 1 and 2 from PCA.



(� 3.03 x 106) cells x mL-1, followed by the Ivinhema Sub-

system 6.45 x 106(� 3.17 x 106) cells x mL-1, and the lowest
bacterial density was observed in the Paraná Subsystem

5.15 x 106 (� 3.34 x 106) cells x mL-1.

Bacterial density did not differ among river, channel,
connected and unconnected floodplain lakes (KW-H(3;36) =
2.8069; p = 0.4224). Although unconnected floodplain

lakes presented the highest bacterial density (7.11 x 106
�

4.07 x 106 cells x mL-1), followed by connected floodplain

lakes (6.68 x 106
� 2.83 x 106 cells x mL-1), channels (5.21 x

106
� 1.54 x 106 cells x mL-1), and the lowest density was

found in rivers (3.93 x 106
� 2.41 x 106 cells x mL-1).

Relative abundance of the two prokaryote domains,
Bacteria and Archaea, was significantly different among
subsystems, but only Bacteria differed significantly
throughout rivers, channels, and floodplain lakes (Figu-
re 3A).

Sampling sites in the Paraná Subsystem presented a
high relative abundance of Bacteria and low relative abun-
dance of Archaea, whereas sites in Ivinhema Subsystem
presented an increase in relative abundance of Archaea al-
lied to a decrease in Bacteria in relation to the Paraná Sub-
system (Figure 3A). The Baía Subsystem sites, however,
presented higher relative abundance to both Bacteria and
Archaea.

Channels, followed by unconnected floodplain lakes
presented higher relative abundance of Bacteria, whereas
Archaea was observed in lower relative abundance in ri-
vers, channels and lakes (Figure 3B).

Subdivisions of the Proteobacteria phylum Proteo-
bacteri aand Cytophaga-Flavobacterium were significant

different among subsystems (Figure 4A). The Paraná Sub-
system presented higher relative abundance of Alpha-
proteobacteria and Beta-proteobacteria, while a lower rela-
tive abundance was observed for Gamma-proteobacteria.
The Ivinhema Subsystem presented similar frequencies for
all the bacterial groups studied and the Baía Subsystem pre-
sented the higher relative abundance of Beta- and Alpha-
proteobacteria, but differently from what was observed in
Paraná System, the lowest relative abundance observed
was for Cytophaga-Flavobacterium.

Among rivers, channels and connected and uncon-
nected floodplain lakes only Beta-proteobacteria differed
significantly (Figure 4B), it presented lowest relative abun-
dance in the rivers, and was observed in higher relative
abundance in channels and floodplain lakes. And although
the difference was not statistically significant, the higher
relative abundance of Gamma-proteobacteria was observed
in the rivers (17%) and the lowest in the unconnected
floodplain lakes (11%). The higher relative abundance of
Beta-proteobacteria and lowest of Cytophaga-
Flavobacterium were found in channels and connected
lakes. In the unconnected floodplain lakes the highest rela-
tive abundance found was for Alpha-proteobacteria.

Biomass analysis was significantly different among

the three rivers of the floodplain (KW-H(2;30) = 9.9744,

p = 0.0068), Paraná River presented the lowest bacterio-

plankton biomass, and the highest biomass was observed in

the Baía River (Figure 5). Differences in bacterial cell sizes

are presented in figure S1.

Mantel test permitted to assess that the bacterial com-

munity structure was significantly influenced by limnologi-
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Table 3 - Mean and standard deviation (SD) of limnological data in each subsystem.

Baía Ivinhema Paraná KW-H(2;36) p

Temp. (ºC) 28.42 � 0.62 28.12 � 0.80 26.73 � 0.66 19.6383 < 0.01

DO (mg/L) 3.38 � 1.01 4.4 � 1.64 4.02 � 1.90 3.1637 0.2056

pH 5.78 � 0.22 6.97 � 0.43 6.42 � 0.41 24.0122 < 0.01

Cond.(uS/cm) 25.75 � 4.37 41.25 � 6.82 60.30 � 13.80 28.5085 < 0.01

Secchi (m) 0.66 � 0.15 0.97 � 0.83 1.55 � 1.46 8.4455 0.0147

Turb (NTU) 19.47 � 15.71 21.21 � 19.66 7.60 � 7.47 9.0556 0.0108

TSM (�g/L) 0.77 � 0.49 1.56 � 1.06 1.98 � 1.72 6.2129 0.0448

ISM (mg/L) 0.57 � 0.45 1.05 � 0.85 1.18 � 1.14 2.1388 0.3432

OSM(mg/L) 0.19 � 0.07 0.51 � 0.24 0.80 � 0.63 17.8018 < 0.01

Alk.(mEq/L) 142.00 � 24.81 371.08 � 123.18 454.77 � 140.53 24.8889 < 0.01

Chl-a.(�g/L) 13.95 � 11.44 10.23 � 9.60 15.89 � 32.49 2.5243 0.2830

TN (�g/L) 952.33 � 177.36 789.12 � 170.58 808.42 � 431.80 11.3226 < 0.01

NO3(�g/L) 18.24 � 24.69 38.89 � 38.82 100.28 � 81.93 10.8472 < 0.01

NH4 (�g/L) 27.62 � 24.88 17.86 � 21.03 40.57 � 32.49 4.4505 0.1080

TP (�g/L) 59.81 � 19.05 46.10 � 16.21 49.97 � 70.74 8.5251 00141

PO4 (�g/L) 9.05 � 3.32 7.04 � 2.96 6.85 � 1.93 2.4193 0.2983

DOC (mg/L) 10.87 � 2.79 * 2.59 � 2.06 *5.3333 0.0209

*Due to problems in storage of samples, Ivinhema Subsystem DOC analysis weren’t performed, (KW-H (1;8)).



cal characteristics (r = 0.1922, p = 0.018). Bio-env analysis

indicated that chlorophyll-a, TN, N-NH4
+ and PO4

3- com-

prise the subset of the limnological variable that most cor-

related with bacterial community structure (r = 0.3542) in

sampling sites.

The first axis of Canonical Correspondence Analysis

was significant (0.006) and explained 22.9% of the data.

Alpha-proteobacteria, Gamma-proteobacteria, and

Cytophaga-Flavobacterium were positively grouped, and

were correlated to the higher values of ammoniacal nitro-

gen. Beta-proteobacteria, however, were pooled nega-

tively, and were correlated with higher values of TN, PO4
3-

and chlorophyll-a (Figure 6).

Discussion

In most data on bacterial ecology in freshwater sys-

tems, the bacterial growth is attributed to higher concentra-

tions of inorganic nutrients, mainly phosphorus and

nitrogen (Kobayashi et al., 2009, Weisse and Macisaac,

2000). Subsystem distinction by PCA allowed the assess-

ment that the three rivers comprising upper Paraná River

floodplain present very diverse limnological features,

which influence directly channels and lakes connected to

each one. However, the same analysis did not present dif-
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Figure 3 - Relative abundance of Bacteria and Archaea. (A) Among sub-

systems (B) Among rivers, channels and connected/unconnected

floodplain lakes.

Figure 4 - Relative abundance of Proteobacteria and Cytophaga-

Flavobacterium (A) among subsystems (B) among rivers, channels, and

connected and unconnected floodplain lakes.

Figure 5 - Bacterial biomass in the rivers that compound the floodplain.



ferences in rivers, channels and floodplain lakes with dif-

ferent connectivity to the rivers.

In a similar study microbial structure and functioning

were examined during different hydrologic periods in gla-

cial streams. Freimann et al. (2013) accessed three different

catchments to cover an array of landscape features, includ-

ing interconnected lakes, differences in local geology and

degree of deglaciation. They also found that each catch-

ment presented a distinct bacterial community structure

and that it was linked to the physicochemical properties of

the waters within each catchment.

In this study, bacterial structure was influenced

mainly by chlorophyll-a, TN, N-NH4
+ and PO4

3, as deter-

mined by Bio-Env analysis. The limnological differences

among subsystems might have caused the significant dif-

ference in total bacteria density and bacterial structure in

the floodplain.

The higher concentrations of phosphorus and nitro-

gen observed in the Baía Subsystem could be the reason for

the highest bacterial density found in these environments.

Although total bacteria density shows significant differ-

ences throughout subsystems, these differences may not be

great enough to cause any ecological effect in the

floodplain. However, the reduction in nutrient contents in

the Paraná River, due to the building of the Porto Primavera

Dam (Roberto et al., 2009), could have compromised bac-

terial growth, generating small bacterial cells that, together

to the low bacterial densities, could have caused the lowest

bacterial biomass in this river. And this could probably

have an influence on the microbial food web in this system.

Archaea domain comprises organisms characteristi-

cally found at great depths, where anaerobic metabolism is

commonly observed. This domain presented higher relative

abundance in Baía Subsystem. In freshwater systems these

organisms are found less frequently in limnetic sediments

(Borrel et al., 2012; Chan et al., 2005, Schwarz et al.,

2007), where they represents about 1% of prokaryotes com-

munities in lake sediments (Schwarz et al., 2007). Still,

there are a lot of controversies regarding the Archaea do-

main. This group has been found in large abundances in

oceans (Karner et al., 2001). Maybe a technique different

from the one used in this study might provide better infor-

mation about this high occurrence of Archaea in this

floodplain.

Several studies carried out in temperate freshwater

systems observed relative abundance of Bacteria domain

higher than 50% (Cottrell and Kirchman, 2000). There is

two possible explanation for the low frequency of Bacteria

found in this study: i) it is a natural characteristic of the en-

vironment, if so, further studies are required in order to in-

vestigate the reasons that this floodplain shows high

occurrence of Archaea and low frequency of Bacteria or ii)

the EUB338 probe used in this study was insufficient to es-

timate the entire Bacteria domain.

According to Daims et al. (1999), this probe excludes

from a study groups Planctomycetales and Verrucomicro-

bia that are important constituents in aquatic systems.

These authors also developed two new probes, EUB338 II

and EUB338 III, that should have been used together with

EUB338. Although these probes are not commonly ap-
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Figure 6 - Ordination of the two first axes of Canonical Correspondence Analysis (CCA). Scores ordination of axes 1 and 2 according to (A) Bacterial

groups, (B) limnological variable; (C) physical and chemical data correlation ordination and (D) sampling sites.



plied, used together, they might provide a more accurate es-

timate of all Bacteria domain. Therefore, if this system is

characterized by having high occurrences of Planctomy-

cetales and Verrucomicrobia, accordingly, the frequency of

Bacteria in this study is smaller than what is commonly

found. Lemke et al. (2009) reported 7% of clones of Verru-

comicrobia in the Paraná River during high water phase.

Yannarell and Triplett (2005) have found that envi-

ronmental features and regional changes could determine

bacterial communities in temperate lakes in Northern hemi-

sphere. This study presented differences in relative abun-

dance of Proteobacteria and Cytophaga-Flavobacterium

among subsystems, but not among rivers, channels and

connected or unconnected lakes. Once again it is suggest

that the rivers’ features are the main determiners of bacte-

rial community structure in this floodplain. Then we will

try to elucidate a few aspects that might have caused these

differences in this floodplain system.

Long-term studies have attributed an increase in

transparency to the dams constructed upstream of the

floodplain, allied to a decrease in nutrient content (Roberto

et al., 2009). This anthropic impact over the floodplain

might have influenced the bacterial community structure in

the Paraná River. The higher relative abundance of Al-

pha-proteobacteria and low relative abundance of

Gamma-proteobacteria in this subsystem should be related

mainly to the low availability of nutrients observed in this

river.

According to Besemer et al. (2005), higher content of

inorganic nutrient and lower content of organic matter

could lead to a high competition among bacteria communi-

ties leading to low OTU (operational taxonomic units) rich-

ness. Some Alpha-proteobacteria present slow growth and

are very well adapted to low concentrations of oxygen

(Imhoff, 2006), so it could explain the occurrence of this

cluster in the Paraná River, where the nutrient content are

low, and Alpha-proteobacteria have competitive advantage

over the other Proteobacteria. Changes have already been

reported in zooplankton and phytoplankton communities

due to the building of the Porto Primavera Dam. The zoo-

plankton community presented a decrease in species rich-

ness after the Porto Primavera impoundment due to

alterations in hydrology (Lansac-Toha et al., 2009). Long

periods of isolation (when the flood is not enough to con-

nect the rivers and the lakes) might provide alterations in

bacterial communities, mainly due to predation.

According to Rodrigues et al. (2009), the phyto-

plankton community decreased in species richness in the

Paraná River after the building of the dam. They also re-

ported an increase in density of phytoplankton in the three

rivers in the floodplain and a greater contribution of cyano-

bacteria than that of diatoms to species richness. Pinhassi et

al. (2004) suggested that differences in density and diver-

sity of phytoplankton species can influence bacterial com-

position. According to these authors, diatom-dominated

microcosms show higher occurrence of Flavobacteriaceae,

Alpha-proteobacteria, and Gamma-proteobacteria. Further

and more accurate studies are required to understand how

these communities influence bacterial community structure

in floodplain systems.

Gamma-proteobacteria are characterized by having

opportunistic organisms that are found in greater densities

in sites with great availability of nutrients, mainly phospho-

rus (Bouvier and Del Giorgio, 2002), such as Baía Subsys-

tem. This subsystem is characterized by its surroundings,

which are comprised of anthropized pastures and fields

(Fundação Universidade Estadual de Maringá, 2000) that

during high water phase comprise an extensive lowland

area. When this area is flooded, a great amount of organic

matter is discharged into the aquatic systems. According to

Azevedo et al. (2005), the organic carbon found in higher

quantity in the Baía system comes mostly from the lowland

area, and is comprised mainly of fulvic acid.

There is a change in planktonic bacterial community

in accordance to the origin and quality of available DOC to

bacterial growth (Crump et al., 2003, Teixeira et al., 2007).

In the Baía subsystem the higher contents of nitrogen and

phosphorus were found, that allied with available organic

carbon quality, might have determined the higher relative

abundance of Proteobacteria and Cytophaga-

Flavobacterium in this subsystem.

The Ivinhema subsystem is within an Environmental

Protection Area, the Parque Estadual das Várzeas do Rio

Ivinhema, created as a compensatory measure for the con-

struction of the Porto Primavera Dam. Bacterial divisions

were well distributed in this system, perhaps because it is

probably the most stable subsystem and it is not susceptible

to anthropic impacts such as dam regulation and pastures.

Throughout rivers, lakes and channels, we observed

significant differences only in Beta-proteobacteria. Al-

though we did not observe significant differences, the rela-

tive abundance of Gamma-proteobacteria was higher in

rivers than in the unconnected lakes. Probably the flux pro-

moted a competitive advantage to this group in the rivers,

once the organisms present in the Gamma-proteobacteria

division are known by their opportunistic characteristics. In

unconnected lakes, the absence of flux might have pro-

moted the development of a higher relative abundance of

Alpha-proteobacteria. Despite the fact that this division

does not require high nutrient concentration, perhaps the

lentic environment enabled their growth. Similar results

were found by Lemke et al. (2009) that reported that 14%

of OTU registered in the upper Paraná River floodplain

were only found in lotic habitats, and that includes the

Gamma-proteobacteria division.

More detailed studies about each subsystem, as well

as the use of more specific probes could elucidate func-

tional role of the bacterial community in the nutrient cycle

and energy flux to the ecosystem. And other selective fac-

tors in the community; such as dominance, selective preda-
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tion, competition and susceptibility must also be consid-

ered in future studies.

This is the first large-scale study about bacterial com-

munity structure in the upper Paraná River floodplain.

Through it, it was possible to determine which differences

in limnological conditions would have influence in the bac-

terial community; that the different rivers that comprise the

floodplain and its limnological features were the main de-

terminer of the community more than physical features of

the rivers, channels, and connected and unconnected lakes.

Since two of the three subsystems analyzed were subject to

anthropic alterations, differences in bacterial community

structure might be influenced by these impacts as well.
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