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Fabio Kalesnik1, Pablo Aceñolaza2, Martı́n Hurtado3 & Jorge Martı́nez3

1Grupo de Investigación en Ecologı́a de Humedales, Dpto. Ecologı́a, Genética y Evolución, Universidad de Buenos Aires, Buenos Aires, Argentina;
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Abstract

The relationship between environmental heterogeneity and the vegetation of

the levee neo-ecosystems in the Delta of the Paraná River was studied. These

habitat types were considered plant communities of recent origin related to

local productive activities. Vegetation coverage was evaluated in 97 plots of

three different environmental units (A, B and C), using classification analysis,

indirect and direct ordinations. The differential vegetation in different environ-

mental units could be related to a greater fluvial influence of the Paraná River

on unit A and a greater tidal influence of the de la Plata River on units B and C.

The Lower Delta hydrological regimes only affect a few of edaphic variables

particularly pH, organic matter percentage and clay content. To understand the

spatial pattern of neo-ecosystems vegetation, it is also necessary to consider the

invasion of alien species that has been taking place for over 50 years.

Introduction

The hydrological regime is the main factor conditioning

wetland habitats, determining the salient characteristics

of the communities present (Gosselink & Turner 1978;

Lugo et al. 1990; Mitsch & Gosselink 2000).

The local hydrological regimes in each sector of the

Lower Delta of the Paraná River are determined by marked

differences in the landscape morphology, resulting in a high

environmental heterogeneity (Kandus & Adámoli 1993).

These two factors condition the response of the differ-

ent plant communities (marshlands, Ceibo forests, Junco

marshes and others) found in the area (Kandus 1997).

Few works have analysed the relationship between the

environmental heterogeneity of the Lower Delta and the

plant communities in relation to the productive areas

(Valli 1990; Kalesnik 2001; Kalesnik & Malvárez 2003).

A relationship has been shown between landscape

patterns, local hydrological regimes and marsh recovery

after afforestation abandonment in the lower ground of

the islands (Valli 1990).

In the present work, we examined the existence of a

relationship between the heterogeneity of the region and

the characteristics of wetlands in higher ground (levees).

Until the late XIX century, these were occupied by ‘Monte

Blanco’, a very diverse and complex gallery forest formed

of species endemic to the Upper Paraná Atlantic Forest and

Chaco’s woodlands (Burkart 1957; Menalled & Adámoli

1995). Later on, human settlements focused mainly on

these areas and the ‘Monte Blanco’ was almost entirely

displaced, with only a few small relics remaining today

(Kalesnik 2001; Vallés et al. 2005). Therefore, today, levees

sustain vegetation that is completely different from that of

their origin, defining several types of ‘neo-ecosystems’.

This term was first introduced by Morello et al. (2000) to

characterize anthropized, seminatural areas in which the

dominant or more abundant plant species are alien inva-

ders, while the accompanying species are native.

These neo-ecosystems appear in the Lower Delta as

afforestations of willow (Salix spp.) and poplar (Populus spp.)

with various degrees of management, ranging from young

active afforestations to afforestations with over 50 years of

abandonment, which give way to new secondary forests

dominated by alien tree species (Kalesnik 2001; Vallés 2004).

We hypothesize that the composition of levees’ neo-

ecosystems differs according to the landscape patterns
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and the hydrological regimes that characterize the various

ecological units of the Lower Delta. To test this hypo-

thesis, the plant communities in different types of neo-

ecosystems were identified and characterized; then, the

relationship between the regional environmental hetero-

geneity and the salient characteristics of the aforemen-

tioned plant communities was analysed; and finally, the

edaphic parameters were examined to determine

whether they had a differential response depending on

the environmental units and types of neo-ecosystems.

Methods

Study site: ‘Bonaerense Lower Delta’

This study was conducted in the Lower Delta of the

Paraná River located in Buenos Aires Province (Fig. 1),

covering an area of 2071.06 km2 (Latinoconsult 1972).

The climate is temperate-subhumid with mean annual

temperatures around 17 1C and annual precipitations of

1073 mm (Servicio Meteorológico Nacional 1980). The

Lower Delta islands are located on the terminal portion of

the Paraná River Delta, at the point of its bifurcation into

two main branches: Paraná Guazú and Paraná de las

Palmas. The Paraná River and the De la Plata River’s

Estuary mainly influence the area’s hydrological regime

(Mujica 1979). The first has a seasonal cycle with a high

flow starting in September that may cause occasional

floods such as the ones that took place in 1905, 1966 and

1982–1983 [Dirección Nacional de Construcciones Por-

tuarias y Vı́as Navegables Anuario Hidrográfico

(1976–1980) (DNCP) 1983; Bonetto 1986]. The Uruguay

River has minimal influence on the area.

The Bonaerense Lower Delta islands are formed by the

accretion of silts transported and deposited by the Paraná

River in the De la Plata River. They are plate-shaped and

surrounded by a perimetric levee (20% of the total area)

that encloses a depressed centre (80% of the area)

(Bonfils 1962). Marshlands cover the inner portion, being

the only natural ecosystem present (Kandus & Adámoli

1993). In levees, the original forest gallery was replaced

almost entirely by afforestations of Salicaceas, with only

small patches remaining today (Kalesnik 2001; Vallés et al.

2005).

Among the hydromorphic soil types found in the

levees, humic, subhumic gley and alluvial soils were the

most common (Bonfils 1962). According to the US Soil

Taxonomy (Soil Survey Staff 2003); they correspond to

Mollisols and Entisols (Endoaquolls, Hapludolls and

Endoaquents) (Godagnone et al. 2002).

The spatial distribution of habitats and hydrological

dynamics are the main factors defining four distinct

ecological units in the Lower Delta area, as proposed by

Kandus (1997) (Fig. 1).

Unit A consists of a deltaic plain (Summerfield 1991)

with a strong fluvial influence due to the seasonal rise of

the Paraná River.

The annual flood frequency is rather low but the area

can remain flooded for over 6 months at the time of the

highest seasonal flow. Extraordinary floods due to the ‘El

Niño’ also have a strong impact on this unit. It is com-

prised of large islands, with most of their extension

consisting of permanently inundated lowlands sur-

rounded by perimetral levees.

Unit B, located downstream from A and referred locally

to as the ‘afforestation core area’, has a transitional

hydrology between the fluvial influence of the Paraná

River and the tidal influence of the De la Plata River. The

islands in this unit show a high degree of anthropic

alteration.

Unit C forms the front of the delta and is subjected to

the direct influence of the tidal and eolic tides of the De la
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Fig. 1. The Lower Delta of the Parana River.

Sampling sites: 1, Paraná de las Palmas. Arroyo

ñacurutú. 2, Isla Botija; 3, Rı́o Carabelas; 4,

Paraná Guazú; 5, Paraná Minı́; 6, Rı́o Barca

Grande; 7, Arroyo Boraso. Ecological units: A, B,

C and D (see ‘Methods’).
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Plata River, which range from 1 to over 3 m during strong

south-eastern winds. From the Paraná Guazu and Paraná

de las Palmas Rivers, numerous streams fan out, border-

ing small plate-shaped islands with a perimetral levee and

a depressed centre dominated by Cortadera marshes

(Scirpus giganteus). Salicaceas afforestations in this area,

performed by an open ditch technique, have completely

replaced the original vegetation of the levees (Monte

Blanco).

The delta’s progradation portion, where it grows by the

deposition of sediments carried on the main rivers on

their way to their mouth in the De la Plata River forming

new islands and banks, constitutes unit D.

These islands have scantily developed levees and are

continued downstream by extensive sediment banks that

are only exposed during the lowest flow periods of the De

la Plata River. This unit was not evaluated in the present

work because the levees’ habitats are not developed

enough.

In summary, the hydrological regime of the Lower

Delta is subjected to a mainly fluvial–tidal north-east–

south-east gradient (Fig. 1).

Laboratory and field data collection

Considering the environmental units defined by Kandus

& Adámoli (1993), seven levee sampling sites distributed

along the region were selected for this study (Fig. 1). At

each site, random and stratified censuses were performed,

in which ninety-seven 10� 10 m plots were analysed (21

on unit A, 41 on unit B and 35 on unit C); strati were

defined regarding the type of neo-ecosystem present. A

modified Braun Blanquet (1979) scale (Mueller-Dombois

& Ellenberg 1974) was used to estimate the cover of each

species. Taxonomy and origin of species was according to

Cabrera (1963–1968), Burkart (1957, 1969, 1974, 1987)

and Cabrera & Dawson (1944); the types of lifeforms used

were based on Barkman (1988).

The degree of abandonment and productive modality

were used to define the different types of neo-ecosystems

of levees, based on information from the local settlers and

managers.

Neo-ecosystem with current anthropization (An): Afforesta-

tions (Salix spp. or Populus spp.) with at least an annual

removal of the understorey.

Short-term abandonment neo-ecosystem (Sh): 2–7-year-old

afforestations. Removal of the understorey only in the first

year; from that time on, vegetation starts to regenerate.

Mid-term abandonment neo-ecosystem (M): 8–14-year-old

afforestations. Removal of the understorey only in the

first year, with the presence of tree species saplings and

seedlings in the understorey.

Long-term abandonment neo-ecosystems (Lo): Afforesta-

tions that have not been commercialized or subjected to

removal of the understory for over 14 years. Remains of

the afforestation cover can be found or, if deterioration

took place, a new secondary replacement forest.

In all neo-ecosystems analysed afforestation practice

had been carried out by an ‘open ditch’ technique, which

allows water to drain quickly from the surface after a

flood. In long-term abandonment neo-ecosystems, the

original hydrological conditions have re-emerged due to

lack of maintenance.

In 45 of the plots analysed (13 of unit A, 15 of unit B

and 17 of unit C), soil samples of 20� 20� 20 cm3 were

taken from the surface, discarding the superficial litter.

Samples were processed at the Soil Laboratory (INTA,

Castelar) and the following parameters were assessed

(Black 1965): pH by the potentiometric technique in

paste, acidity by KCl solution titration, organic matter

content (percentage) by the Walkley–Black method, total

N determined by Kjeldahl’s method (percentage), percen-

tage of sand, silt and clay fractions by the hydrometric

method and electrical conductivity in the saturated paste

extract (mS/cm).

Numerical analysis

To identify plot groups and detect their main distribution

gradients in the region, the classification technique and

direct and indirect ordination techniques were applied.

The average abundance-cover value of each class interval

for each species was estimated with the following percen-

tage: r=0.01; +=0.5; 1=3; 2=7.5; 3=17.5; 4=29; 5=41.5;

6=62.5 and 7=87.5.

Classification was performed using the TWINSPAN

(two-way indicator species analysis, Hill 1979; Gauch &

Whittaker 1981) program. Cut-off levels to define pseu-

dospecies were 3; 7.5; 17.5; 29; 41.5; 62.5 and 87.5. Only

the species with regional constancy values higher than

3% were considered for the classification analysis. Groups

resulting from the classification were characterized by

the constancy and relative abundance-cover of species,

according to Mueller-Dombois & Ellenberg (1974). The

constancy of each species was calculated as the number of

plots on which the species was present relative to the total

number of plots for each classification group; abundance-

cover of species in each classification group was estimated

considering only the plots where the respective species

was found.

A DCA (detrended correspondence analysis; Hill &

Gauch 1980) indirect ordination was used to detect

species’ and plots’ order patterns.

To establish the order of plots regarding species compo-

sition and edaphic variables, a CCA (canonic
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correspondence analysis; ter Brak 1990) direct ordination

was applied.

For both ordinations, the original data were trans-

formed applying square root; rare species were under-

estimated and a CANOCO program, version 3.12 (ter

Braak 1990) was used.

Plot 71 acted as an outlier for all the aforementioned

analyses and was therefore left out.

Using the Monte Carlo permutations test (ter Braak

1986), the existence of a correlation with the environ-

mental variables was tested.

Soil samples of the different study area units were

compared using a one-way analysis of variance (ANOVA),

percentage data will transformed applying arcsin square-

root transform (Zar 1984) and the logarithmic transforma-

tion was used on pH values. Normality and variance

homogeneity were tested according to Lilliefords and

Bartlett, respectively (Zar 1984); these assumptions were

only met for C/N, clay percentage, conductivity and

acidity. The Kruskal–Wallis test was performed when at

least one of the assumptions was not met. Scheffé’s

comparisons were used to analyse the significant differ-

ences of the ANOVA; Dunn’s (1964) comparisons for

unbalanced samples were used for Kruskal–Wallis (Zar

1984).

Results

Table 1 shows the 65 species with regional constancy

values higher than 3%, when all plots were considered.

Classification analysis

As a result of the classification analysis, plots were divided

into two main groups: I and II, which were in turn

subdivided into eight subgroups corresponding to neo-

ecosystems with a similar abundance and/or constancy of

species (Table 1).

Group I

This large group contains nearly all the plots from unit A.

It includes plots with medium to high constancy values

and a low abundance of Panicum grumosum (carrizo), Iris

pseudacorus (paleyellow iris), Mimosa pigra (carpinchera)

and Cephalanthus glabratus (sarandı́).

Considering the relative dominance of the above-

mentioned species and the abundance and/or constancies

of the remaining species, four subgroups were formed

(Table 1).

Subgroup I. 1: Includes the majority of plots from unit A

and is constituted by all three neo-ecosystem types con-

sidered. A number of species showed high constancy in all

neo-ecosystems regardless of their abandonment status;

they include P. grumosum, Carex riparia (latifoliated her-

baceous species), Aspilia silphioides (native creeper), Mika-

nia micrantha and three native tree species: Nectandra

falcifolia (laurel), C. glabratus and M. pigra. Alien species

present in this group showed low constancy and relative

abundance values.

Subgroup I. 2: Plots in this group belonged to medium-

term abandonment neo-ecosystems of unit B. I. pseuda-

corus and P. grumosum had a high constancy but medium

to low relative abundance. The remaining species showed

low constancy and relative abundance, except for one

alien species, Rubus spp. (blackberry), present in nearly

half the plots with medium cover values.

Subgroup I. 3: Four plots with medium-term abandon-

ment neo-ecosystems of unit were included in this

group. A. Regeneration was observed for C. glabratus,

a short native tree, and three native herbaceous

species, P. grumosum, Poligonum sp. and Hydrocotyle bonar-

iensis, found in all plots, even though they showed

a low relative abundance. It is worth mentioning the

presence of Amorpha fructicosa (false indigo), a tree native

to North America, in half the plots, although with low

abundance.

Subgroup I. 4: Consists of two short-term abandonment

neo-ecosystems belonging to unit B in which the cover of

most plant species was low. Two alien species were found:

A. fructicosa and I. pseudacorus.

Group II

Most of the plots of neo-ecosystems belonging to units B

and C were grouped here. Plots were characterized by

having high constancy and abundance of two exotic

species, Lonicera japonica (Japanese honeysuckle) and

Ligustrum sinense (Chinese privet), and medium constancy

and medium to high abundance of a number of species,

including four alien species: Rubus spp., Ligustrum lucidum

(glossy privet), Fraxinus pennsylvanica (green ash) and

Morus sp. (mulberry); two native trees: Rapanea spp.

(canelón) and Blepharocalyx tweediei (anacahuita); a native

shrub, Cestrum parqui (duraznillo negro); and a native

graminiform species, C. riparia.

The aforementioned species dominance, as well as the

remaining species found, helped to divide this group into

four subgroups, which could be characterized in terms of

the type of neo-ecosystem rather than the regional unit

they belonged to (Table 1).

Subgroup II. 5: This first subgroup constitutes an excep-

tion to the previous statement, in that it contains plots of

short-term abandonment neo-ecosystems in unit A. Its

inclusion in this group is explained by the presence of the

same dominant species as the rest of the group,
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particularly two native trees, B. tweediei and N. falcifolia,

and a native shrub, C. parqui.

Subgroup II. 6: Plots in this group consisted of short-

term abandonment neo-ecosystems from both units B

and C, with similar dominant species having the largest

covers. Two exotic species dominated: a viner, L. japonica,

and a shrub, Rubus spp. To a lesser extent, four alien tree

species followed: L. sinense, Gleditsia triacanthos (honey-

locust), Morus sp. and F. pennsylvanica.

Subgroup II. 7: Long-term abandonment neo-eco-

systems of units B and C formed this group, showing

a high constancy and abundance of alien species. Besides

the two species characterizing group II (L. japonica

and L. sinense), two other exotic species had high

development in this subgroup: L. lucidum and Acer

negundo (boxelder). Three native species also stood out:

two trees, Rapanea spp. and B. tweediei, and a shrub, Diodia

brasiliensis.

Subgroup II. 8: Regardless of the type of neo-ecosystem,

the plots of this group belonged to unit B. Two exotic tree

species dominated: L. sinense and F. pennsylvanica.

Indirect ordination

Figure 2 shows the distribution of plots in the space

defined by the first two axes of the DCA. The variance

explained by these axes was 29.2% (11% by the first and

18.2% by the second). Classification subgroups were

distributed along these two axes.

The order of plots on the first axis is associated with the

environmental unit. All the plots from unit A of group I

(subgroups I. 1, I. 3 and I. 4) were located in the positive

portion of the first axis, and share the dominance of

P. grumosum, with other species varying according to each

subgroup. The negative portion holds most of the plots

from units B and C (Group II, subgroups II. 6, II. 7 and II.

8), the most important species being a group of alien

species (L. japonica, Rubus spp., L. sinense, L. lucidum,

A. negundo, G. triacanthos and F. pennsylvanica), two native

tree species (Rapanea spp. and B. tweediei) and two native

shrub species (D. brasiliensis and C. parqui).

The second axis only allows distinction between short-

and long-term abandonment neo-ecosystems for units B

and C. On the negative side, the plots belonging to

subgroup II. 6 (short-term abandonment) were ordered

and on the positive side, the ones from subgroup II. 7

(long-term abandonment). The species associated with

the first subgroup were mainly L. japonica, Rubus spp. and

C. parqui; tree species had a very low association with this

subgroup, either native or alien.

The main species in the latter subgroup were three tall

alien tree species (L. lucidum, A. negundo and F. pennsylva-

nica) that formed the canopy of the secondary forest, and

a medium-height alien tree species (L. sinense), which
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Fig. 2. Plot and main species distribution along the first two axes of the ordination (DCA). The eight groups resulting from classification are shown: 1, I.

1; 2, I. 2; 3, I. 3; 4, I. 4; 5, II. 5; 6, II. 6; 7, II. 7 & 8, II. 8 (TWINSPAN). Genus and species names are shortened by their first three letters. See Table 1.
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formed the middle stratus (3–5 m); two native tree species

(Rapanea spp. and B. tweediei) were also present as accom-

panying species in this type of neo-ecosystems.

Edaphic variables

In Table 2, the main edaphic variables from neo-ecosys-

tems of units A, B and C are shown. Overall, soils analysed

had high silt and clay contents and acidic pH values.

Clay and organic matter contents were significantly

different among the environmental units (clay: F=3.73;

P=0.032; organic matter: H=7.90; P=0.019), with a higher

content in soils of unit B than that of unit C (clay: P=0.03;

organic matter: Q=2.69; Po0.05). For pH values, a statis-

tical difference between units was also found (H=9.24,

P=0.009), being slightly lower in unit A than in unit

C (Q=2.88, 0.01oPo0.02).

Soil texture values (clay, silt and sand) are similar to

those reported by Kandus (1997) for low floodable

grounds of this area, the ones in this work being slightly

lower for clay and slightly higher for silt. This similarity

could be due to the fact that in both studies the first 20 cm

of soil were analysed, in which the interaction with the

environment is most relevant, the process of active sedi-

mentation after each flood event occurs, and in which the

inherited material is less relevant. Future studies would

require all soil horizons to be studied.

Vegetation and edaphic parameters

The distribution of plots, main soil variables and species in

the space defined by the two first axes of the CCA are

shown in Fig. 3. The total variance for this analysis

was 5.182, with 65.2% of it explained by the axes.

The fraction explained by the chosen edaphic variables

represents 17.37% of the total variance. Plots distribu-

tions differ significantly from a random distribution for

the first axis (Monte Carlo’s test: autovalue=0.34,

F=2.66, Po0.03); the same is true when the total re-

stricted variance is considered (trace=0.90, F=1.59,

Po0.01).

The negative end of axis 1 grouped the majority of plots

from unit A, including all types of neo-ecosystem. Plots

from units B and C were located in the positive side over

the central zone. Two edaphic variables were found to be

strongly associated with this distribution of plots along the

first axis of the CCA: pH and silt content (r=0.924 and

0.43, respectively).

Organic matter content and conductivity were corre-

lated to the second axis (r=0.62 and 0.566, respectively)

although no clear distribution of plots was observed in

relation to them.

Discussion

The present work is the first to incorporate the levee neo-

ecosystems into the regionalization model for the Lower

Delta of the Paraná River proposed by Kandus (1997).

These neo-ecosystems are plant communities of recent

origin that are closely related to the local productive

activities. With the addition of communities with a high

regional development, the model acquires a broader range.

In our findings, neo-ecosystems belonging to the

environmental unit A showed a clear distinction from

those of units B and C, which showed a combined

expression of similar vegetation responses.

Neo-ecosystems of unit A are more similar to each

other to the corresponding neo-ecosystem, in terms of

degree of abandonment, of the other units (e.g. vegeta-

tion of long-term abandonment neo-ecosystems of unit A

Table 2 Soil variables in the neo-ecosystems studied

Unit

Number of

stands

Organic

matter (%)

Nitrogen

(%) C/N Clay Silt Sand pH Acidity

Conductivity

(mS/cm)

A

Mean 13 4.37 0.23 11.18 a 25.21 ab 55.13 19.58 5.51 9.1 a 0.31 a

Median 4.05 ab 0.23 a 10.19 24.3 58.5 a 12.6 a 5.5 a 8.8 0.3

Standard deviation 2.17 0.12 1.75 7.36 11.23 16.95 0.3 2.73 0.08

B

Mean 17 6.16 0.32 11.7 a 27.34 a 57.54 15.33 5.74 10.5 a 0.36 a

Median 6.27 a 0.34 a 11.3 26.3 58 a 15.3 a 5.8 ab 10.7 0.33

Standard deviation 2.49 0.13 2.11 5.78 4.4 6.11 0.17 2.46 0.08

C

Mean 15 3.706 0.29 11.99 a 21.5 b 57.85 19.58 5.8 8.18 a 0.33 a

Median 3.76 b 0.22 a 12.3 22.4 63.3 a 11.7 a 5.8 b 7.6 0.32

Standard deviation 2.73 0.29 1.83 5.08 13.39 16.95 0.21 3.12 0.08

Same letters in each column show no differences found using Scheffé multiple comparison test (ANOVA, F) and Dunn’s multiple comparison test for

Kruskall–Wallis (H). Significant differences, Po0.05.
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holds a stronger relationship with that of short- and

medium-term abandonment neo-ecosystems of the same

unit than with long-term neo-ecosystems of units B and

C). This could be because all types of levees neo-ecosys-

tems of unit A showed a high development of P. grumosum

(carrizo). Despite functioning as different systems in

terms of the local hydrological regime and the natural

plant communities’ response (Kandus 1997), units B and

C had a similar composition of neo-ecosystems of levees.

These are characterized by a high development of a group

of alien species that leads to a convergence in the struc-

ture and composition of vegetation. In short-term aban-

donment neo-ecosystems, an Asian creeper, L. japonica

(Japanese honeysuckle), and a European shrub, Rubus

spp. (blackberry), dominated, with a conspicuous absence

of tree species. On the other hand, medium- and long-

term abandonment neo-ecosystems were dominated by a

group of alien tree species, particularly L. sinense (Chinese

privet) and F. pennsylvanica (green ash) and regeneration

of native tree species could also be observed, such as

Rapanea spp. (canelón) and B. tweediei (anacahuita), espe-

cially in long-term abandonment neo-ecosystems.

The difference found in levee neo-ecosystems between

the environmental units could be related to the greater

fluvial influence received by unit A and the greater tidal

influence on units B and C. Classification and ordination

analyses reflected the same relationship. Therefore, neo-

ecosystems of riverside wetlands influenced by the hydro-

logical regime of the Paraná River and neo-ecosystems of

wetlands subjected to the tides of the De la Plata River can

be differentiated.

According to Malvárez (1997), in fluvial systems, river

overflows represent an energy benefit with water and

nutrient contribution. Beyond a certain threshold, distur-

bances start to occur that alter the substrate (organic

matter, nutrient or sediment removal, erosion and sedi-

mentation) and can cause loss of biomass in the vegetation

communities. This is exacerbated during extraordinary

floods, like the ones that took place during 1982–1983

due to ‘El Niño’. Species found in unit A’s neo-ecosystems

would be related to the fluvial conditions and to the effects

of the extraordinary floods mentioned previously. Both

factors would cause homogenization of vegetation by the

dominance of P. grumosum and its accompanying native

species, regardless of the type of neo-ecosystem. These

species’ adaptations allow them to tolerate the typical

flood–drought conditions of a seasonal fluvial regime,

recovering after a disturbance (Morello 1949; Burkart

1957; Neiff 1979, 1986; Kandus 1997). They reach their

highest development upstream, in the middle and upper

portions of the delta, and could be considered as part of an

ingression process into the highest fluvial influence sector

of the Lower Delta (Malvárez 1997).

In contrast to the previous, units B and C have a strong

tidal influence from the De la Plata River, and are sub-

jected to high-amplitude water-level oscillations (Kandus

1997). The tidal regime of the De la Plata River affects

the whole Lower Delta, which is classified according to

Mitsch & Gosselink (2000) as a broad ‘wetland subjected

to freshwater tidal regime’. Therefore, these two units

would receive supplementary water contributions that

could compensate the seasonal drought periods of soils,
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Fig. 3. Canonic ordination of plots from the dif-

ferent environmental units of the Lower Delta of

the Parana River. Genus and species names are

shortened by their first three letters. See Table 1.

1, Ligustrum sinense; 2, Lonicera japonica; 3,

Gleditsia triacanthos; 4, Fraxinus pennsylvanica;

5, Rapanea spp. See Table 1. Sh, short-term

abandonment neo-ecosystem; M, mid-term aban-

donment neo-ecosystem; Lo, long-term abandon-

ment neo-ecosystem.
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and provide a greater availability of nutrients (Malvárez

1997). This allows the settlement of a greater number of

species, the development of a larger biovolume and an

increase in the structural complexity (Kalesnik 2001). The

latter effect validates the large number of tree, shrub,

herbaceous and creeper species that form the vegetation of

the different types of neo-ecosystem, giving rise to second-

ary pluristratified forests in long-term abandonment type.

Under these environmental conditions, a group of exotic

species develop that can also be found in neo-ecosystems of

the De la Plata River’s riverside due to their regional scope

invasive process (Dascanio et al. 1994; Cagnoni et al. 1996;

Matteucci et al. 1999; Kalesnik & Malvárez 2003; Kalesnik

& Kandel 2004; Kalesnik et al. 2005).

Finally, the characteristics of the hydrological regimes

of the Lower Delta would only partially affect soils

of levees’ neo-ecosystems in the islands. A relation-

ship between the edaphic parameters and the environ-

mental units would exist, but independent of the type

of neo-ecosystem. The lower pH values observed in soils of

the environmental unit A could be related to the greater

fluvial influence that would cause a longer persistence of

the saturating conditions found in high flow season

(Kandus 1997), later drying in the drought season, caus-

ing a partial mineralization of soils. Another interesting

result is the larger organic matter content found in soils of

unit B when compared with unit C. Similar findings were

obtained by Kandus (1997), who established unit B to be a

transitional state between unit A upstream and unit C

downstream. Therefore, unit B would have more evolved

soils than unit C, and with a lesser disturbance frequency

than in unit A. In addition, the vertical water oscillations

in unit B are of a lesser amplitude than in unit C, and the

high flows of the Paraná River have a deaden influence.

The biogenic accumulation processes would thus be fa-

voured in this unit, which could partially explain the

higher clay and silt percentages found here.

Conclusion

In conclusion, to fully understand the spatial pattern of

vegetation in levees’ neo-ecosystems in islands of the Low-

er Delta, it is necessary to take into account not only the

abiotic factors but also the alien species invasion process

that has been taking place in the region for over 50 years.
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Kalesnik, F. and Malvárez, A.I. (2003) Las especies invasoras
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