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The  Paraná  River  floodplain  comprises  one  of the  largest  wetland  systems  of  South  America.  In a  sector
of  the  Lower  Paraná  River  floodplain  (100  km  length,  3650  km2), floristic  composition  and  species  diver-
sity  was  characterized  in 88 sites  surveyed  during  summers  2010–11  and  2011–12.  Hierarchical  and
fuzzy  classifications  were  used  to construct  26  floristic  groups  and  8 associations  of  floristic  groups,  and
their indicator  species  were  identified.  A number  of  124  species  was  distributed  with  a  zonation  pattern
conforming  marshes,  salt  marshes,  wet  prairies,  bunchgrasses,  grasslands  and  scrublands.  We  assessed
how vegetation  is affected  by four  nested  levels  of  environmental  constraints,  representing  a  gradient
from  a landscape  to a  local  scale,  and  including  hydrological,  geomorphological,  topographic  and  edaphic
variables.  Species  richness  differed  within  categories  of  broad-scale  landscape  units  (level 1)  and  within
topographic  positions  (level  3).  Also,  30  plant  species,  six  floristic  groups  and  five  associations  of groups
responded  to  levels  1–3. The  first two axes of  a constrained  Outlying  Mean  Index  ordination  accounted  for
60%  of the marginality  of 61 common  species  as  a function  of  soil features  and  flood  frequency  (level  4).

Thus,  the  distribution  of seven  species  showed  significant  marginality  in association  to soil  electrical  con-
ductivity,  soil  silt  percent  and  soil  total  nitrogen  concentration.  Multi-scale  environmental  constraints
determined  vegetation  zones,  and emerging  floristic  and  diversity  patterns.  The  multi-scale  approach
significantly  improves  the  understanding  of floristic  patterns  and  plant  biodiversity  in  the  study  area,
and may  be  extended  to other  floodplain  wetlands.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

The hydrological regime is the main control of plant commu-
ity development in wetlands. This is particularly true with regard
o floodplain wetlands, where plant distribution has been tied to
ifferent components of the flood pulse (sensu Junk et al., 1989).

n South America, the largest wetlands are associated with the

oodplains of the Amazonas, Orinoco and Paraná–Paraguay rivers
Junk et al., 2013). From its source in Brazil to its mouth in the Del
lata estuary, the Paraguay–Paraná River floodplain is covered with

Abbreviations: EC, electrical conductivity; IV, indicator value; LU, landscape
nits; N, nitrogen; NC, noise clustering; Nclass, noise class; OMI, outlying mean

ndex; P, phosphorus; PC, principal component; PCA, principal component analysis.
∗ Corresponding author at: Tel.: +54 11 40061500x6037;

ax: +54 11 40061500x6037.
E-mail addresses: nmorandeira@unsam.edu.ar (N.S. Morandeira),

kandus@unsam.edu.ar (P. Kandus).

ttp://dx.doi.org/10.1016/j.aquabot.2015.01.006
304-3770/© 2015 Elsevier B.V. All rights reserved.
mosaics of wetlands with heterogeneous fluvial landforms and
flood pulse dynamics. Along the Paraná River (3900 km long), bio-
diversity changes due to its flux from tropical-subtropical latitudes
to temperate ones are expected (Oakley et al., 2005). However, no
clear longitudinal pattern was found for aquatic and wetland herba-
ceous species richness in landscapes located along the Paraná River
course and its floodplain (Neiff et al., 2014). A possible explanation
for that result can be found in the influence of multi-scale envi-
ronmental filters (LeRoy Poff, 1997), which may  contribute to large
scale species patterns.

We  aimed to analyze multi-scale effects of environment on plant
diversity and plant composition in wetlands of the Lower Paraná
River floodplain (“section C” in the work by Neiff et al. (2014)). In a
low water period, we described plant diversity patterns and iden-
tified floristic groups. Next, we  assessed how vegetation is related

to four nested levels of environmental constraints, representing a
gradient from a landscape scale to a local scale. Hydrological, geo-
morphological, topographic and edaphic features were included in

dx.doi.org/10.1016/j.aquabot.2015.01.006
http://www.sciencedirect.com/science/journal/03043770
http://www.elsevier.com/locate/aquabot
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aquabot.2015.01.006&domain=pdf
mailto:nmorandeira@unsam.edu.ar
mailto:pkandus@unsam.edu.ar
dx.doi.org/10.1016/j.aquabot.2015.01.006
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ig. 1. Study area. (a) Location of the Lower Paraná River floodplain in South Ameri
ere  collected. Landscape units (level 1) are also indicated: D north, D south and E

andsat 8 OLI scene (band 5; path-row 226–83; date: 2011/03/21).

he analyses. Plant diversity, floristic groups and dominant species
istribution were expected to be related to these levels (predic-
ion 1). The intersection of these four environmental levels was
xpected to generate mosaics in which zones of vegetation with
ell-defined limits and few species occur (zonation pattern, pre-

iction 2). Although reciprocal interactions between vegetation and
ydrogeomorphic processes usually exist (Corenblit et al., 2007),
his work is focused on how hydrology, landforms and soil features
ffect wetland plant communities.

. Materials and methods

.1. Study area

The study was conducted at a section of ca. 100 km length in
he Lower Paraná River Floodplain (sensu Iriondo and Drago, 1972)
here freshwater wetlands cover 3650 km2 (excluding permanent
ater bodies) (Fig. 1). This section is also known as the Middle

araná River Delta, and includes the Rosario–Victoria cross-section
hat Neiff et al. (2014) used to characterize vegetation patterns
n their Section C. The climate is temperate humid, with a mean
nnual temperature of 17.1 ◦C, July being the coldest month (mean
emperature 10 ◦C) and January the hottest one (mean tempera-
ure 24 ◦C). The mean annual precipitation is 1052 mm,  monthly
anging from 132 mm in March to 39 mm in August (1965–2011;
nstituto Nacional de Tecnología Agropecuaria (INTA) San Pedro
grometeorological Station, 33◦44′S 59◦41′W).

The floodplain under study is a complex littoral area that devel-
ped mainly in the last 6000 years, and it comprises river deposits
hat belong to ancient and present fluvial periods, marine ingres-
ion and regression deposits and ancient deltaic deposits (Iriondo,
004; Ramonell et al., 2012). Nowadays, the area is subject nei-
her to tidal ingressions nor to deltaic deposits, but to the flood

ulse of the Paraná River. Herbaceous communities dominate the
arshes, whereas forest patches cover ca. 1.5% of the study area

Enrique, 2009). The soils are young and sedimentary, humic gley
r subhumic gley (Bonfils, 1962).
 Distribution of the sampling sites where vegetation was recorded and soil samples
ackground image corresponds to the near infrared band (shown in gray scale) of a

2.2. Levels of environmental constraints

Four levels of environmental constraints, ordered from a land-
scape to a local scale were defined:

Level 1. Corresponds to three units in which the area was subdi-
vided (hereafter, landscape units, LUs) following Malvárez (1997)
and Zóffoli et al. (2008): units D north, D south and E. This level
reflects broad features of the hydrological regime, such as connec-
tivity with the main channel of the Paraná River, water drainage
and water permanence (see Table 1 for details).

Level 2. Comprises landforms with fluvial or fluvial-marine geo-
morphological origin, which are nested in the first level. Detailed
cartography and characterization of the geomorphological settings
have been developed by Ramonell et al. (2012), who described
units with marine-fluvial history (ancient deltaic deposits, then
modified by the action of the Paraná River) and units with flu-
vial history (fluvial patterns generated by the action of the Paraná
River and subsidiaries). Differences in substrate and resources may
occur between landforms (Corenblit et al., 2007), as well as water
flow variations due to the spatial arrangement of the elements that
define each landform (Ramonell et al., 2012).

Level 3. Includes relatively high and low topographic positions
within each geomorphological setting, with a mean difference in
relative height of 65 cm as measured in 17 transects by the authors.
These topographic discontinuities may  affect water permanence,
water column height and sediment dynamics, among other factors
(Malvárez, 1997; Steiger and Gurnell, 2002).

Level 4. Corresponds to a set of soil variables measured in
sampling sites (see Section 2.3), along with information on local
flooding frequency published for the area (Borro et al., 2014).

2.3. Sampling
Sampling sites were selected with the objectives of represent-
ing the four levels, but site selection was  limited by accessibility by
motorboat or canoe and on foot (Fig. 1, Table 1). Each sampling site
was representative of a homogeneous area (with similar vegetation
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Table 1
Features of the 88 sampling sites in the Lower Paraná River floodplain. Vegetation censuses were carried out in all the sites and environmental variables of level 4 were recorded in most of them (n = 84). The sites are described
according to their landscape unit (level 1), hydrological regime, geomorphological settings (level 2) and topographical position (level 3).

Level 1.
Landscape unit

No. sites Hydrological
regimea

Level 2. Geomorphological settingsb No. sitesc Level 3.
Topographic
positions

No. sitesd

D north 16 Seasonal floods from the Paraná River. Low connectivity with the main
channel of the the Paraná River. Flood water enters the floodplain
indirectly and slowly drains away. High water permanence

Fluvial Scroll bars and
in-channel levees

11 Low 9
High 2

Marine-fluvial Delta lobes (post Holocene transgression) 5 Low 2
High 3

D  south 31 Seasonal floods from the Paraná River. Low connectivity with the main
channel of the the Paraná River, high connectivity with the Paraná
Pavón River. Flood water enters the floodplain indirectly from the
Paraná River and directly from the Paraná Pavón River, and drains
away slowly. Intermediate water permanence

Fluvial In-channel levees 8 Low 4
High 4

Marine-fluvial Delta lobes (post Holocene transgression) 23 Low 12
High 11

E 41 Seasonal  floods from the Paraná River. High connectivity with the main
channel of the the Paraná River. Flood water enters the floodplain
directly and drains away quickly. Low water permanence

Fluvial Islands of the Paraná main channel 5 Low 4
High 1

Levees and crevasse sprays of the
Paraná main channel

2 Low 1
High 1

In-channel levees 15 Low 11
High 4

Scroll bars and in-channel levees 11 Low 4
High 7

Marine-Fluvial Degraded delta lobes (post
Holocene transgression)

8 Low 5
High 3

a Zoffoli et al. (2008).
b Ramonell et al. (2012).
c Total number of sites in fluvial settings: 52; in marine-fluvial settings: 36.
d Total number of sites in low positions: 52; in high positions: 36.
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tructure and dominant species) of at least 1000 m2. Vegetation
nd soil sampling was performed in several field-work trips dur-
ng summers 2010–2011 and 2011–2012. Most sites were sampled
nce. Those that were revisited had the same vegetation composi-
ion as the previous summer, with little changes in species relative
bundance-cover. Priority was given to covering different types of
etlands, physiognomies and environments. We  only character-

zed sites dominated by emergent rooted macrophytes, i.e., forest
atches and shallow lakes with floating vegetation were excluded.

In 88 sampling sites, three vegetation censuses were carried out
n 1 m2 plots each, and the Braun–Blanquet scale was used to esti-

ate the cover-abundance of the species (Mueller-Dombois and
llenberg, 1974). Species determination was based on the floristic
ibliography of the area (Burkart and Bacigalupo, 2005; Burkart,
987, 1979, 1974, 1969). Species nomenclature was assigned
ccording to Zuloaga et al. (2009) and plants without reproductive
tructures were determined to genus level.

To characterize level 4, “flooding frequency”, a continuous vari-
ble related to floodability and flooding stress, was extracted from
he “flood frequency layer” produced by Borro et al. (2014) (res-
lution = 30 m)  and was assigned to the sampling sites by means
f a geographic information system. Also, soil samples were col-

ected in 84 out of the 88 sampling sites where vegetation was
ampled. In the four remaining sampling sites, the water column
as higher than 80 cm and so soil samples could not be collected.
e gathered the samples with a helical manual soil auger (AMS

ijkelkamp Edelman Thread-On Augers), and identified whether
ne or two soil layers were present in the first 60 cm of each site.
he boundary between the first soil layer (maximum depth rang-

ng from 8 to 60 cm)  and the second one (maximum depth ranging
rom 28 to 60 cm)  was determined in situ according to structure,
exture and color changes. To capture soil heterogeneity in a given
ite, a composite soil sample of each layer was mixed from three
ub-samples.

Soil samples were dried at 60 ◦C for 72 h to a constant mass.
otal nitrogen was quantified with a semi-micro Kjeldahl method
Bremner and Mulvaney, 1982) and extractable phosphorus with

 Bray Kurtz I method (Bray and Kurtz, 1945). Soil pH was quanti-
ed with a potentiometric method, electrical conductivity with a
onductimetric method, organic carbon by dry combustion using an
utomatic analyzer (LECO CR12) and texture (percent sand, silt and
lay) with the pipette method by Robinson. All soil analyses were
onducted at the Laboratorio Nacional de Investigación y Servi-
ios N-15 (LANAIS N-15, Universidad Nacional del Sur Bahía Blanca,
rgentina).

.4. Data analyses

.4.1. Plant diversity patterns
We estimated the cover of the species of each of the 88 sites

s the center of the Braun–Blanquet class for classes 1–5, and as
.01% and 0.10% for classes r and +, respectively. To calculate the
ean species cover per site, species cover was averaged in the three

ensuses of each site. Gamma  diversity (total richness in the 88
ites) was estimated as the total number of observed species and as
hao and 1st order Jacknife non-parametric indicators (Chao, 1987;
mith and Van Belle, 1984). Species accumulation curves were con-
tructed for all the sites and for subsets corresponding to categories
f sites defined in levels 1–3 (subsampling without reposition, 1000
ermutations; Gotelli and Colwell, 2001).

Alpha diversity (Shannon (H) and Simpson (D) diversity

ndexes), site evenness (D/Dmax, where Dmax is the site species
ichness) (Magurran, 2004) and the number of dominant species
Hill, 1973) were estimated in each site. We  analyzed whether
hese indexes differed between levels 1–3 (prediction 1) by means
atic Botany (2015) 1–25

of three-way permutation ANOVAs (999 permutations; Wheeler,
2010). Beta diversity between pairs of sites was estimated through
Sørensen’s dissimilarity index (Magurran, 2004) and differences
between categories included in levels 1–3 were tested with a
multivariate permutation ANOVA (999 permutations) on Sørensen
dissimilarity (Anderson et al., 2006).

2.4.2. Floristic classification
We  constructed a sites × species matrix, and removed the

species occurring in less than three sites and those that never
accounted for more than 5% cover (n = 86 sites remained in the sub-
sequent floristic classification analyses). Chord distances were used
to compute dissimilarity between sites (Legendre and Gallagher,
2001). Next, two classification approaches were examined. On the
one hand, we carried out a hierarchical cluster analysis. An average
linkage method was  selected with the cophenetic correlation crite-
rion and the optimum number of clusters (k) was defined by means
of the maximum silhouette width criterion (Borcard et al., 2011). On
the other hand, a non-hierarchical fuzzy noise clustering (NC) anal-
ysis was undertaken with 999 permutations, a membership value
of 1.2, a minimum distance of 0.8 for a site to be assigned to the
noise class (Nclass) and a “deffuzifying” level � of 0.5 (De Cáceres
et al., 2010a). In the NC analysis, k was defined as the minimum
number of classes for which: (a) less than 20% of the sites were
included in the Nclass, and (b) the number of sites in the Nclass
for k classes was  equal to or lower than the number of sites in the
Nclass for k − 1 classes.

The resulting classifications were compared through a con-
tingency table. If they differed more than 20%, differences were
considered to have arisen from a gradient of plant communities
(rather than from a zonation pattern, prediction 2) and the fuzzy
NC classification was selected. Otherwise, the hierarchical classi-
fication was  chosen, since it allows for class association at upper
cut levels. To characterize each floristic group, the indicator values
(hereafter, IV) of the species were computed (999 permutations
to evaluate their statistical significance) (Dufrêne and Legendre,
1997). IV ranges from 0 to 1: species with IV equal to 1 had maxi-
mum specificity and maximum fidelity to a group (De Cáceres and
Legendre, 2009).

2.4.3. Relation between plant species and environment
To identify the species that were associated with environmen-

tal features of levels 1–3 (prediction 1), we evaluated the indicator
value of the species (De Cáceres et al., 2010b). The way  in which
environmental variables included in level 4 affected the distribu-
tion and abundance of plant species (prediction 1) was assessed by
the direct ordering analysis Outlying Mean Index (OMI) (Dolédec
et al., 2000). OMI  is explicitly based on the evaluation of the
marginality of species assemblages, i.e., their degree of specializa-
tion. OMI  does not assume a linear or unimodal response to the
environment as Redundancy Analysis (RDA) and Canonical Corre-
spondence Analysis (CCA) do and gives a more even weight to all
sampling units, including those which are species poor or individ-
ual poor (Dolédec et al., 2000). Also, the marginality of each species
can be tested by random permutations. In OMI  analyses, the total
inertia of a given species was  decomposed into three variables:
marginality, tolerance and residual tolerance (Dolédec et al., 2000).
Marginality expresses the average distance of a given species to the
uniform distribution, tolerance is linked to the breadth of environ-
mental features in which the species occur, and residual tolerance is
the ratio of the inertia left unexplained by the set of environmental
features that are included.
The OMI  analysis was  undertaken with the sites where soil sam-
pling could be conducted (n = 84) and with species occurring in
three or more sites (n = 82 sites remained). Environmental vari-
ables were centered and standardized. To avoid redundancy and
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Fig. 2. Species accumulation curves for levels 1–3. Solid lines show the accumu-
lation curve for all the sampling sites (n = 88), grey areas display 95% confidence
intervals, and dotted lines show accumulation curves for specific subsets of sites.
(a)  Level 1: landscape units D north (n = 16), D south (n = 31) and E (n = 41). (b) Level
2:  fluvial (n = 52) and marine-fluvial (n = 36) geomorphological history. (c) Level 3:
high (n = 36) and low (n = 52) topographic positions.
N.S. Morandeira, P. Kandu

ollinearity between the environmental variables, we carried out
 Principal Component Analysis (PCA) and included the four first
rincipal Components (PC) in the OMI  analysis. To describe the
ssociation between the level 4 variables and the marginality axes
f the OMI  (hereafter OMI  axes), we performed Pearson’s corre-

ation tests. Also, we evaluated whether the site scores differed
etween categories of levels 1–3 by means of three-way permu-
ation ANOVAs (999 permutations) (prediction 1).

.4.4. Software used for data analyses
Data analyses were carried out with the open-source software

 (R Core Team, 2013) and the following packages: vegan (Oksanen
t al., 2013), lmPerm (Wheeler, 2010), cluster (Maechler et al.,
013), gclus (Hurley, 2012), vegclust (De Cáceres et al., 2010a),

ndicspecies (De Cáceres and Legendre, 2009) and ade4 (Dray and
ufour, 2007).

. Results

.1. Plant diversity patterns and floristic groups

A total of 124 species was observed in the 88 sites (Table S1),
ith 87% native to the region species and 80% perennial species.

he estimated gamma diversity for the study area was  higher than
he gamma  diversity observed (180 and 162 species for the Chao
stimator and 1st order Jacknife, respectively). Consistently, the
ccumulation curves did not reach an asymptote in any of three first
evels (Fig. 2). Species diversity per site was low, mainly because
oth species richness and evenness were low (Table S2). Species
ichness was higher in LU D north than in D south and E (p = 0.0083
nd 0.0015, respectively), and was also higher in high topographic
ositions than in low positions (p = 0.0060); denoting influences of

evels 1 and 3 on plant diversity patterns (Fig. 2, prediction 1). The
eta diversity of pairs of sites within the same categories of levels
–3 was similar to the beta diversity of pairs of sites located in
ifferent categories of those levels (p < 0.01).

After removing low constant species, a matrix of 86 sites × 63
pecies was retained. Both the hierarchical and the fuzzy NC classifi-
ation approaches led to 26 floristic groups. Since the classifications
ere coincident in 87% (differing mainly in sites assigned to the
class in the NC classification), we chose the hierarchical clustering
s the final one. The result is consistent with the expected zonation
attern of vegetation (prediction 2). The 26 floristic groups were
rouped in 8 associations of floristic groups (Table 2), and 33 indi-
ator species were identified (21 indicating associations of floristic
roups and 28 indicating floristic groups, see Table 3). A selection
f photographs of the main communities and dominant species is
rovided as supplementary material (Fig. S1). The association of
oristic groups (coded from A to H) (Table 2) can be described as

ollows:
A. Short salt marshes. The short (<10 cm height) halophytic

rass Paspalum vaginatum was found in almost monospecific com-
unities (group 1).

B. Tall salt marshes. Halophytic graminoid herbs of medium
eight (50–100 cm)  dominated. Included two  groups, both shar-

ng the presence of Bolboschoenus robustus. Besides, group 2 was
ndicated by the presence of Echinochloa helodes and group 3 was
ndicated by Leptochloa fusca. Accompanying halophytic species

ere Sesuvium portolacastrum and Spergula platensis var. platensis.
C. Bulrush marshes. The tall (100–200 cm)  equisetoid herb

choenoplectus californicus was typical of this association, and the

roadleaf herb Polygonum punctatum was generally accompanying.
roup 4 featured the highest constancy and cover of Schoenoplectus

alifornicus, accompanied by Polygonum punctatum, Cyperus virens
nd Solanum glaucophyllum.  In group 5, bulrush marshes were



6
 

N
.S.

 M
orandeira,

 P.
 K

andus
 /

 A
quatic

 Botany
 (2015)

 1–25
Table 2
Floristic table. The table was  constructed with a hierarchical classification using an average linkage method on a 86 sites × 63 species matrix (species with less than 5% constancy were removed). Dissimilarities between sites
were  estimated with chord distances. For each species, its family and morphological type (MT) (H = broadleaf rooted herb, G = graminoid rooted herb, E = equisetoid rooted herb, F = floating herb, Su = submerged herb, Sh = shrub,
V  = vine herb) are indicated and it is stated whether it is an indicator species of a floristic group (k = 26) or of an association of floristic groups (k = 8) (k is the number of groups or cut level of the dendrogram). The associations of
floristic  groups are coded with capital letters (A–H) and the floristic groups are coded with letter G followed by the group number (G1–G26). Below each group name, the number of sampling sites in the floristic group is provided.
If  one or two asterisks (* or **) accompany the number of sampling sites per floristic group, one or two  sampling sites (respectively), were assigned to the N class in the fuzzy NC classification. The constancies of the species in the
floristic  groups are expressed in five categories: I = 0–20% (very low constancy), II = 20.1–40% (low constancy), III = 40.1–60% (intermediate constancy), IV = 60.1–80% (moderately high constancy), V = 80.1–100% (high constancy).

Family Species MT  Indicator A B C D E F G H

k = 8 k = 26 G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12 G13 G14 G15 G16 G17 G18 G19 G20 G21 G22 G23 G24  G25 G26
3  2 3 4 3 3 2 4 11* 1* 4 4 2 4 1* 2 5 2 6 3 2* 2** 6 1 4* 2**

Poaceae Paspalum vaginatum Sw. G  A G1 V
Poaceae Echinochloa helodes (Hack.)

Parodi
G G2 V III I II V III V III I II

Cyperaceae Bolboschoenus robustus (Pursh)
Soják

G B III IV

Poaceae Leptochloa fusca (L.) Kunth G B G3 II IV
Aizoaceae Sesuvium portulacastrum (L.) L. H II IV I
Cyperaceae Eleocharis aff. bonariensis Nees E II III II
Caryophyllaceae Spergula platensis var. platensis

(Cambess.) Shinners
H II II I

Cyperaceae Schoenoplectus californicus (C.A.
Mey.) Soják

E C G4 III IV V IV II II

Solanaceae Solanum glaucophyllum Desf. Sh II II III III II III II II
Polygonaceae Polygonum punctatum Elliott H C IV III I V III III II V
Cyperaceae Cyperus virens Michx. G II I I III
Azollaceae Azolla filiculoides Lam. F G5 V I III III
Ceratophyllaceae Ceratophyllum demersum L. Su IV II
Polygonaceae Polygonum acuminatum Kunth H G6 V I II III III III
Polygonaceae Polygonum stelligerum Cham. H II II
Poaceae  Phalaris aquatica L. G D G7 V III
Apiaceae Torilis nodosa (L.) Gaertn. H G7 V III III II II
Capparaceae Tarenaya hassleriana (Chodat)

H.H. Iltis
H III III I III I

Plantaginaceae Plantago sp. H G7 V II
Poaceae  Panicum elephantipes Nees ex

Trin.
G D G8 III III V II II

Apiaceae Hydrocotyle ranunculoides L. f. H II I II
Onagraceae Ludwigia cf. peruviana (L.) H.

Hara
H E G9 III III IV V III V V III IV III IV V III III IV

Haloragaceae Myriophyllum aquaticum (Vell.)
Verdc.

H II III III II

Salviniaceae Salvinia cf. biloba Raddi F II III II
Poaceae Echinochloa polystachya var.

polystachya (Kunth) Hitchc.
G I III I

Asteraceae  Mikania micrantha Kunth V II I II II II
Asteraceae  Enydra anagallis Gardner H G10 II V II I II
Poaceae  Echinochloa polystachya var.

spectabilis (Kunth) Hitchc.
G G11 II V V II III III

Cyperaceae Cyperus meyenianus Kunth G II II I
Pontederiaceae Eichhornia azurea (Sw.) Kunth H E G12 II II V III II
Apiaceae Hydrocotyle bonariensis Lam. H II
Polygonaceae Polygonum aff. hydropiperoides

Michx var. hydropiperoides
H G13 III III V II III II II I II

Apiaceae  Foeniculum vulgare Mill. H III
Asteraceae Eupatorium sp. H III I II
Poaceae  Oplismenopsis najada (Hack. &

Arechav.) Parodi
H E G14 II II II V V III I
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Table 2 (Continued)

Family Species MT Indicator A B C D E F G H

k = 8 k = 26 G1 G2 G3 G4 G5 G6 G7 G8 G9 G10  G11 G12 G13 G14 G15 G16  G17  G18  G19 G20 G21  G22 G23 G24 G25 G26
3  2 3 4 3 3 2 4 11* 1* 4 4 2 4 1* 2 5 2 6 3 2* 2** 6 1 4* 2**

Amaranthaceae Alternanthera philoxeroides
(Mart.) Griseb.

H III III II III III III I II III II IV

Asteraceae Eclipta prostrata (L.) L. H G15 V I
Asteraceae Bidens laevis (L.) Britton, Stern

& Poggenb.
H III II I II V I

Cyperaceae Cyperus giganteus Vahl E II III
Poaceae Leersia hexandra Sw. G G16 I V I II III
Poaceae  Cynodon dactylon (L.) Pers. G F G17 V III II III
Poaceae  Poa pilcomayensis Hack. G F III I III I
Poaceae Coleataenia prionitis (Nees)

Soreng
G F G18 I V

Fabaceae Mimosa tweedieana Barneby ex
Glazier & Mackinder

Sh F I V II V III

Cyperaceae Eleocharis aff. viridans Kük. ex
Osten

E III IV I III III III V

Rubiaceae Borreria dasycephala (Cham. &
Schltdl.) Bacigalupo & E.L.
Cabral

H III I III I III

Asteraceae Acmella decumbens (Sm.) R.K.
Jansen

H III I II

Poaceae  Echinochloa crus-galli (L.) P.
Beauv.

G G G19 V IV III V

Alismataceae Sagittaria montevidensis Cham.
&  Schltdl.

H G20 III V

Fabaceae Vigna luteola (Jacq.) Benth. H I II I V
Polygonaceae Polygonum lapathifolium L. H G G21 II II II V III I II
Commelinaceae Commelina diffusa Burm. f. H I III
Asteraceae Aspilia silphioides (Hook. &

Arn.) Benth. & Hook. f.
H III II III I III III II

Poaceae Setaria parviflora (Poir.)
Kerguélen

G G22 I III II III V I V II

Convolvulaceae Aniseia argentina (N.E. Br.)
Oı́Donell

V III I III I

Poaceae Hymenachne pernambucense
(Spreng.) Zuloaga

G H G23 I III III V

Poaceae Setaria geminata (Forssk.)
Veldkamp

G III I III II II

Asteraceae Plagiocheilus tanacetoides
Haenke ex DC.

H III II II

Asteraceae Pluchea sagittalis (Lam.)
Cabrera

H III

Poaceae  Hemarthria altissima (Poir.)
Stapf & C.E. Hubb.

G H G24 III I V

Asteraceae Baccharis salicifolia (Ruiz &
Pav.) Pers.

H H G25 I II V V

Solanaceae Solanum nigrescens M. Martens
& Galeotti

H H III III I II III II III III

Asteraceae Conyza bonariensis (L.)
Cronquist

H H G26 II V
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Table 3
Indicator species for each floristic group (A–H) or association of floristic groups (G1–G26). The indicator values (IV) are indicated, along with their p-value (999 permutations).

Species Indicator values

k = 8 IV p-value k = 26 IV p-value

Paspalum vaginatum A 1.00 0.001 G1 1.00 0.001
Bolboschoenus robustus B 0.78 0.001 – – –
Echinochloa helodes – – – G2 0.89 0.007
Leptochloa fusca B 0.73 0.001 G3 0.97 0.001
Schoenoplectus californicus C 0.80 0.003 G4 0.74 0.011
Azolla  filiculoides – – – G5 0.87 0.001
Polygonum acuminatum – – – G6 0.92 0.001
Polygonum punctatum D 0.66 0.036 – – –
Phalaris aquatica D 0.58 0.025 G7 1.00 0.002
Torilis  nodosa – – – G7 0.92 0.033
Plantago sp. – – – G7 0.93 0.010
Panicum elephantipes D 0.91 0.001 G8 0.95 0.001
Ludwigia cf. peruviana E 0.77 0.001 G9 0.63 0.001
Enydra anagallis – – – G10 0.95 0.001
Echinochloa polystachya var. spectabilis – – – G11 0.96 0.001
Eichhornia azurea 0.61 0.037 G12 0.98 0.001
Polygonum aff. hydropiperoides var. hydropiperoides – – – G13 0.90 0.010
Oplismenopsis najada E 0.62 0.031 G14 0.85 0.001
Eclipta prostrata – – – G15 1.00 0.013
Leersia  hexandra – – – G16 0.89 0.029
Cynodon dactylon F 0.98 0.001 G17 0.97 0.001
Coleataenia prionitis F 0.66 0.002 G18 0.98 0.004
Poa  pilcomayensis F 0.53 0.040 – – –
Mimosa tweedieana F 0.67 0.007 – – –
Echinochloa crus-galli G 0.85 0.001 G19 0.85 0.001
Sagittaria montevidensis – – G20 0.61 0.023
Polygonum lapathifolium G 0.61 0.023 G21 0.87 0.009
Setaria  parviflora H – – G22 0.82 0.021
Hymenachne pernambucense H 0.68 0.005 G23 0.92 0.001
Hemarthria altissima H 0.58 0.032 G24 0.95 0.026

0.67
0.52
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Baccharis salicifolia H 

Conyza bonariensis H 

Solanum nigrescens H 

ooded with a high water column (>80 cm)  and Schoenoplectus
alifornicus was accompanied by floating and submerged species.
roup 6 had the lowest constancy of Schoenoplectus californicus and
as dominated by the broadleaf herb Polygonum punctatum.

D. Grass marshes. Grasses of medium height, typically Panicum
lephantipes, were dominant. Group 7 was dominated by the grass
halaris aquatica and accompanied by Ludwigia cf. peruviana, Torilis
odosa and Panicum elephantipes. Group 8 exhibited more abun-
ance and dominance of Panicum elephantipes than group 7 did.

E. Broadleaf marshes. The presence and cover of the broadleaf
erb Ludwigia cf. peruviana was the shared feature of the eight
oristic groups included in this association. Group 9 had the
ighest constancy and cover of Ludwigia cf. peruviana,  accompa-
ied by several floating or emergent herbs. Group 10–16 differed

n their co-dominant species, being grasses in groups 11 and
6 (Echinochloa polystachya var. spectabilis and Leersia hexandra,
espectively), and broadleaf herbs in the remaining groups (Eny-
ra anagallis, Eichhornia azurea,  Polygonum aff. hydropiperoides var.
ydropiperoides, Oplismenopsis najada (a grass with leaves similar
o those of broadleaf herbs) and Eclipta prostrata).

F. Bunchgrasses and grasslands. Grasses were found to be dom-
nant in this association. Group 17 was dominated by short grasses
<10 cm)  of the species Cynodon dactylon. In group 18, bunchgrasses
f Coleataenia prionitis were dominant in a tall stratum, whereas
ynodon dactylon, Poa pilcomayensis and Mimosa tweediana,  among
ther species, occurred in the low stratum.

G. Mixed wet  prairies of grasses and broadleaf herbs. The
resence of the grass Echinochloa crus-galli or of the broadleaf

erb Polygonum lapathifolium was the shared feature of the three
oristic groups included in this association. Echinochloa crus-galli
as dominant in group 19 and was an accompanying species in

roup 20 (dominated by the broadleaf herb Sagittaria monteviden-
0.010 G25 0.87 0.010
 0.038 G26 0.97 0.005
 0.039 – – –

sis). Polygonum lapathifolium was  dominant in group 21 and was
an accompanying species in group 19.  Broadleaf species such as
Aspilia silphioides,  Setaria parviflora and Ludwigia cf. peruviana also
occurred in these groups.

H. Mixed grasslands and scrublands. Groups included in this
association showed some variability. Grasses were dominant in
groups 22 and 23 (Setaria parviflora and Hymenachne pernambu-
cense, respectively). Groups 25 and 26 were dominated by tall
(>2 m)  broadleaf herbs similar to shrubs but with non-lignified
stems (Baccharis salicifolia and Conyza bonariensis). Group 24 was
dominated both by grasses (Hemarthria altissima, Setaria parviflora)
and by tall broadleaf herbs (Baccharis salicifolia). The broadleaf herb
Solanum nigrescens occurred in most of the groups of this associa-
tion.

3.2. Relation between plant species and environment

On average, sites had clay loam soils, soil nitrogen (N) concen-
tration was high, soil P concentration was low, pH was moderately
acid and electrical conductivity (EC) indicated soils were slightly
saline (Table 4). For all the soil variables, except for extractable
phosphorus (P), values in the first soil layer were positively and lin-
early correlated with values in the second soil layer. On the first PC
(28% of the total variance), frequently flooded sites, with high per-
cent silt and high EC were ordered along positive values; whereas
clay soils with high N and high OC were ordered along negative
values. On the second PC (18% of the total variance), sandy soils
were ordered along negative values. On the third PC (14% of the

total variance), sites with high OC, N and P (and also with high CE)
were ordered along negative values. On the fourth PC (11% of the
total variance), clay soils were ordered along positive values and
silty soils were ordered along negative values. Summarizing, the
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Table  4
Summary of the environmental features of level 4 (n = 84 sampling sites). For the soil variables, the soil layer is indicated. Pearson’s coefficients are shown in each pair of
Principal Component (PC) and environmental variable (bold letter for r > |0.4| and p < 0.0001). Based on soil reference values (Moore, 2001; Sainz Rosas et al., 2012), mean
total  nitrogen was  high, mean extractable phosphorus was  low, mean pH was  moderately acidic and mean EC denoted slightly saline sites.

Level 4 environmental variables Soil layer Pearson correlation with Principal Components Mean SD Minimum Maximum

PC 1 PC 2 PC 3 PC 4

Total nitrogen (%) 1 −0.74 −0.08 −0.44 0.09 0.36 0.25 0.02 1.34
2  −0.63 0.03 −0.57 −0.18 0.19 0.16 0.02 1.03

Extractable
phosphorus (%)

1 0.38 −0.30 −0.61 0.08 3.90 × 10−04 5.33 × 10−04 5.00 × 10−05 4.18 × 10−03

2 0.40 −0.11 −0.50 0.21 4.48 × 10−04 5.47 × 10−04 4.00 × 10−05 3.29 × 10−03

Organic carbon (%) 1 −0.76 −0.18 −0.43 0.15 6.57 5.48 0.26 27.39
2  −0.72 −0.09 −0.51 −0.14 2.86 2.18 0.16 10.87

pH  1 0.33 0.49 0.15 0.32 4.61 0.51 3.80 7.70
2  0.53 0.10 0.06 0.63 4.95 0.74 3.90 7.60

EC  (dS.m-1) 1 0.45 −0.25 −0.47 0.43 3.88 4.75 0.49 22.10
2  0.55 −0.30 −0.41 0.35 3.72 4.72 0.41 20.10

Percent clay 1 −0.56 0.45 0.13 0.56 28.35 10.15 4.10 51.30
2  −0.58 0.46 0.04 0.53 30.77 10.19 3.41 53.70

Percent silt 1 0.50 0.54 −0.33 −0.48 47.06 11.94 23.00 73.94
2  0.56 0.50 −0.36 −0.38 47.06 12.03 17.60 74.10

Percent sand 1 −0.03 −0.90 0.22 0.01 24.59 12.09 6.70 52.06
0.31 
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Flood  frequency – 0.58 −0.22 −

rst PC was mostly related to salinity and flooding frequency, the
econd and fourth PCs to soil texture, and the third PC to soil nutri-
nts (Table 4). The OMI  analysis was performed with these four PCs
n an 84 sites × 61 species matrix.

The first two OMI  axes accounted for 34% and 26% of the total
ariance, respectively. Principal Components 1, 3 and 4 were the
ost influential in the OMI  sites and species ordination (Fig. 3a).
n the first OMI  axis, frequently flooded sites, with high EC, high
ercent silt and high P were ordered along positive values; whereas
lay soils were ordered along negative values (p < 0.0001). Along the
econd OMI axis, sites were ordered mainly due to their soil texture,
rom clay soils to silty soils (p < 0.0001).

The average marginality of the 61 plant species included in these
nalyses was significant (Table 5), denoting a strong association
etween the composition of the plant assemblage and the environ-
ental variables included, thereby justifying species plotting on

n ordination diagram (Fig. 3b). Seven out of the 61 species were
ssociated with a particular range of environmental variables in
he scale defined bylevel 4 (Table 5). The distribution of the species
aspalum vaginatum,  Sesuvium portolacastrum,  Leptochloa fusca and
olboschoenus robustus was associated with saline soils (high EC)
ith relatively high P concentration, which took place in frequently
ooded sites (Fig. 4). Those species were included in groups 1 and

 of the Short salt marshes and tall salt marshes associations. The
pecies L. fusca and B. robustus were associated to fine texture soils
nd relatively high N and OC, whereas P. vaginatum and S. portola-
astrum show more tolerance in relation to soil texture. The species
agittaria montevidensis (indicating the broadleaf marshes of floris-
ic group 20) was associated with non-saline soils, with relatively
igh N and OC (Fig. 4). Both Vigna luteola and Solanum nigrescens
ere found in non-saline soils. Solanum nigrescens,  indicating the
ixed grasslands and scrublands association, occurred in soils with

ow clay content and relatively high sand content.
The first and the second levels affected the ordination of both

nvironmental features and plant species (p < 0.01) (Fig. 3a). On
he first OMI  axis, sites located in LU D south were ordered along

igher values than sites located in LU D north or E were, thus pre-
enting sites with comparatively high electrical conductivity and
ood frequency. On the second OMI  axis, sites located in LU D
outh were ordered along lower values than sites located in LU
−0.07 22.17 12.24 6.03 66.03

0.16 0.20 0.19 0.00 0.95

D north or E were, thus presenting siltier soils. Regarding geomor-
phology, sites with fluvial history were ordered all along the first
OMI axis, whereas sites with marine-fluvial history were ordered
along a more restricted portion of the first OMI  axis and their mean
score values were slightly lower than for sites with fluvial history
(Fig. 3a).

Most of the floristic groups highly overlapped along the OMI
axes, especially in non-saline soils with intermediate nutrient
concentrations (Fig. 3b). However, several floristic groups were
associated to particular categories of levels 1–3 (p < 0.05) (Table 6).
In particular, associations of groups C and E are typical in low topo-
graphic positions, whereas associations D, F and H are typical in
high topographic positions. Except for Solanum nigrescens,  none out
of the 30 species that indicated levels 1–3 (Table 6) showed also sig-
nificant marginality in the OMI  axes representing variations in level
4 (Table 5).

4. Discussion

This is the first detailed floristic characterization for the studied
section of the Lower Paraná River floodplain. The wetlands were
dominated by native perennial species. This life form goes hand in
hand with maintaining reproductive structures between seasons
and flood events, and seems well suited for the irregular flood pulse
of the Paraná River (Carignan and Neiff, 1992). The most abun-
dant and constant plant families are also abundant upstream in
the Middle Paraná River floodplain (Asteraceae, Poaceae, Fabaceae
and Solanaceae) (Marchetti and Aceñolaza, 2012) or downstream
in the Lower Paraná River Delta (Asteraceae, Cyperaceae, Fabaceae,
Polygonaceae and Apiaceae) (Kandus et al., 2003).

In line with prediction 2, vegetation was distributed with a
zonation pattern. Several types of communities differing in their
physiognomy and indicator species were distributed in zones of
vegetation: marshes, salt marshes, wet prairies, bunchgrasses,
grasslands and scrublands. These communities had well-defined
limits and relatively few species. Their spatial pattern corresponded

to mosaics of environmental conditions, accounting for variations
in floodability and soil features. The bulrush marshes of Schoeno-
plectus californicus are absent in the Middle Paraná River floodplains
(Marchetti and Aceñolaza, 2012) but are typical of the Paraná River
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Fig. 3. Ordination plots of the Outlying Mean Index (OMI) analysis on the first and second OMI  axes. (a) Biplot of sites (symbols, n = 82) and principal components (PC)
derived from environmental variables (arrows). For the sites, the symbols (circles, squares or triangles) represent the landscape unit (level 1) and the colors (black filled or
non-filled) represent the geomorphological history (level 2). Principal components 1, 3 and 4 are labeled according to the level 4 environmental variables they are more
related  to (see the text and Table 4 for details). (b) Biplot of sites (symbols, n = 82) and species. For the sites, the symbols stand for the association of floristic groups to which
they  were assigned. Only species that indicated associations of floristic groups are shown (see Table 2), coded as follows. Bac. sal (Baccharis salicifolia), Con. bon (Conyza
bonariensis),  Bol. rob (Bolboschoenus robustus), Sch. cal (Schoenoplectus californicus), Mim.  twe (Mimosa tweediana), Lud. per (Ludwigia cf. peruviana), Col. pri (Coleataenia
prionitis),  Cyn. dac (Cynodon dactylon), Ech. cru (Echinochloa crus-galli), Hem. alt (Hemarthria altissima), Hym. per (Hymenachne pernambucense), Lep. fus (Leptochloa fusca),
Opl.  naj (Oplismenopsis najada), Pan. ele (Panicum elephantipes), Pas. vag (Paspalum vaginatum), Pha. aqu (Phalaris aquatica), Poa. pil (Poa pilcomayensis), Pol. lap (Polygonum
lapathifolium),  Pol. pun (Polygonum punctatum), Eic. azu (Eichhornia azurea),  Sol. nig (Solanum nigrescens).

Table 5
Species with significant marginality according to the OMI  analysis. For each species, the total inertia is decomposed into three variables: marginality, tolerance and residual
tolerance. The p-values express the significance of the marginality of each species and of the mean assemblage of species (Monte Carlo tests with 999 permutations).

Species Inertia Marginality (%) p-value Tolerance (%) Residual tolerance (%)

Paspalum vaginatum 10.0 69.3 0.0030 2.0 28.7
Sesuvium portolacastrum 12.0 85.3 0.0020 6.0 8.7
Leptochloa fusca 8.7 93.1 0.0030 1.8 5.0
Bolboschoenus robustus 6.5 60.1 0.0260 1.1 38.8
Sagittaria montevidensis 5.6 57.8 0.0340 4.5 37.7
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Vigna  luteola 6.7 86.2 

Solanum nigrescens 5.1 45.1 

Mean  assemblage 4.1 56.4 

elta downstream the Paraná River (Kandus et al., 2003). Con-
ersely, the bunchgrasses and grasslands of Coleataenia prionitis
ith Cynodon dactylon are absent in the Paraná River Delta and

re typical of the Middle Paraná River (Marchetti and Aceñolaza,
012, 2011). Salt marshes of Paspalum vaginatum or Bolboschoenus
obustus had not been described yet for the Middle or Lower sector
f the Paraná River floodplain (Kandus et al., 2003; Marchetti and
ceñolaza, 2012).
Regarding plant diversity, per-site alpha diversity was relatively
ow, but gamma  diversity was relatively high due to the high
eta diversity (“diversity of habitats” hypothesis, sensu Shmida
0.0280 12.1 1.7
0.0160 16.6 38.3
0.0010 12.4 31.2

and Wilson, 1985). The Shannon-Wiener diversity recorded in this
area was always lower than that of the Middle Paraná River flood-
plain (Marchetti and Aceñolaza, 2012), even when compared to the
diversity of islands in an early successional stage after an extraor-
dinary flood (Franceschi and Lewis, 1991; Franceschi et al., 2010).
Also, the gamma  diversity was lower than upstream (Marchetti and
Aceñolaza, 2012) but higher than downstream in the Lower Paraná
River Delta (Kandus et al., 2003). This pattern can be attributed to a

loss of biodiversity due to the transition from tropical and subtrop-
ical latitudes (Oakley et al., 2005). Our result suggests the existence
of a downstream longitudinal diversity gradient in the Paraná River,
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ig. 4. Plots for the species with significant marginality according to the OMI  analy
ite  where the species occurred.

hich was not found by Neiff et al. (2014). We  observed a higher
pecies richness than in the work by Neiff et al. (2014) (124 vs. 43
pecies), probably due to sampling effort (88 intensive censuses
istributed over the area in this work vs. 22 censuses distributed

n a cross-section of the floodplain in Neiff et al., 2014).
Our results are consistent with prediction 1 and indicate that

he environmental filters may  act at different scales (LeRoy Poff,
997). Broad-scale hydrogeomorphic features included in level 1
nd topographic positions of level 3 seem to be the most impor-
ant constraining factors of plant diversity, floristic composition
nd plant species occurrence. The higher species richness in LU D
orth may  be caused by high inputs of propagules with Paraná River
oods and a favorable environment for plant establishment and
rowth (e.g., absence of saline soils). Vegetation differences have

lready been described for LUs, but based on a few censuses and in
ualitative terms (Malvárez, 1997).

Regarding level 2, the reason for its restricted effect on vege-
ation may  be ascribed to the fact that level 1 already summarizes

able 6
ndicator species and indicator floristic groups of levels 1–3. The groups and species lis
alues  (p < 0.05).

Category Indicators

Floristic group

Level 1. Lanscape unit D North Groups 21, 22

D  South Group 26 

Level  2. Geomorpho-logical
unit

Marine-fluvial history – 

Fluvial history: L̈evees and crevasse
sprays of the Paraná main channel¨

Groups 14 an

Fluvial history: Ïslands of the
Paraná main channel¨

Group 11 

Level  3. Topographic
positions

Low Associations C
and E (“Broad

High  Associations D
(“Bunchgrasse
and H (“Mixe
scrublands”)
tes are represented as dots. Lines link the center of gravity of each species to each

several of the differences between geomorphological settings. Also,
an interplay exists between variables included in level 4 and cate-
gories of level 1. Level 3 effects on species richness were important,
denoting less restrictive conditions in high than in low topographic
positions. The strong influence of topographic positions on both
plant community composition and diversity patterns is typical in
floodplains (e.g., Franceschi and Prado, 1989; Lenssen et al., 1999;
Steiger and Gurnell, 2002).

In relation to level 4, the presence of saline soils was a strong
restriction to plant community development and conditioned the
presence of salt marshes. Since salinity was found in sites with flu-
vial history, genetic soil processes are negligible. Instead, salinity
may  be related to high evapotranspiration rates in high topographic
positions with low plant coverage and bare soils (Kirk, 2004). Aside

from the water level, the zonation pattern can be explained by
salinity: from a gleasonian approach, a zonation pattern can be gen-
erated by the specific response of the species to the environmental
gradient (Capon, 2005).

ted are ordered from highest to lowest indicator values with significant indicator

s Species

 and 24 Hemarthria altissima, Setaria parviflora, Aspilia
silphioides,  Polygonum lapathifolium and Plagiocheilus
tanacetoiddes
Conyza bonariensis and Salvinia cf. biloba.

Solanum glaucophyllum
d 21 Oplismenopsis najada, Polygonum lapathifolium and

Commelina diffusa
Echinochloa polystachya var. spectabilis

 (“Bulrush marshes”)
leaf marshes”)

Ludwigia cf. peruviana, Oplismenopsis najada,
Myriophylum aquaticum, Schoenoplectus californicus,
Enydra anagallis, Azolla filiculoides and Eichhornia
azurea

 (“Grass marshes”), F
s and grasslands”)

d grasslands and

Aspilia silphioides,  Baccharis salicifolia, Conyza
bonariensis,  Tarenaya hassleriana, Mimosa tweediana,
Acmella decumbens, Cynodon dactylon, Hymenachne
pernambucense,  Setaria geminata, Phalaris aquatica,
Solanum nigrescens, Torilis nodosa, Aniseia argentina,
Plantago sp. and Borreria dasycephala
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Soil texture and nutrients (mean soil total N) also influenced
he distribution of some species. These variables can be affected by
ediment inputs occurring with intense floods (Trémolières et al.,
009; Willby et al., 2001) and can be a good correlate of vegetation
istribution in several floodplain systems (Chacón-Moreno et al.,
004; Higgins et al., 1997; Marchetti and Aceñolaza, 2011; Thomaz
nd Bini, 2003). The high overlap of most species and of floristic
roup distribution along level 4 variables was compensated by the
egetation differences in broader scale levels. Other variables can
e included in level 4, such as water availability or soil saturation
Lenssen and De Kroon, 2005), or filters acting in a season of the
revious year (van Eck et al., 2006).

The study area can be understood as a mosaic of wetlands
haracterized by different vegetation zones. We  suggest that multi-
cale environmental constraints determine the limits between
egetation zones as well as the emerging floristic and diver-
ity patterns. Thus, plant composition and distribution respond
o several forcing factors: the flood pulse by itself (operating at

 landscape scale), the “local control effect” of the flood pulse
Marchetti and Aceñolaza, 2012) and the heterogeneity in soil fea-
ures (operating at a local scale). Since emphasis was placed on
ampling different plant assemblages and environments, pheno-
ogical or successional dynamics and disturbance factors were not
onsidered. Also, feedbacks between vegetation and environmental
eatures (particularly with landforms) and biotic interactions were
ot addressed (Corenblit et al., 2007). This multi-scale approach
ignificantly improves the understanding of floristic patterns and
lant biodiversity in the Lower Paraná River floodplain, and may  be
xtended to other sections of the Paraná basin or to other floodplain
etlands.
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