
Introduction

The Paraná River (Argentina) is the second longest

river of the Neotropical Region. From its confluence with

the Paraguay River it runs southwards encased by two no-

ticeable tectonic scarps up to where it joins the Uruguay

River to form the large estuary of River Plate. The Paraná

valley is a huge complex floodplain (Iriondo 1972,

Iriondo and Drago 1972, Ramonell et al. 2000) with very

heterogeneous environment which arises primarily from

the hydrological regime and sediments of the river (Lewis

et al. 1979, Neiff 1986). It has a yearly pulse with the low-

est level of water in spring and floods with their peak in

autumn, and every few years at irregular intervals there

are major floods and once or twice in a century, as in 1905

and 1982, there are extraordinary catastrophic floods (Le-

wis et al. 1987). However, the hydrological regime may

be changing as a result of global warming and dam con-

struction on the upper river. As a consequence of floods

and irregular surface, sediments, as well as vegetation of

the floodplain are very variable.

The floodplain is covered by hygrophilous herba-

ceous vegetation on frequently flooded areas, shrub sa-

vannas and different kinds of forests mainly on peripheral

levees (Morello 1949, Burkart 1957, Franceschi and Le-

wis 1979). The most widespread community is the Pani-

cum prionitis Nees tall grassland, which has a dense upper

layer of the dominant species, while most other species

are very rare. Most authors considered the P. prionitis tall

grasslands as a community which eventually would

evolve into a climax river forest (Morello 1949, Burkart

1957) although doubts were cast on this assertion (Lewis

and Franceschi 1979). The P. prionitis tall grasslands and

some woody communities as well were destroyed after

the 1982-83 catastrophic flood, and in place of the tall

grasslands a very rich and heterogeneous community

composed mainly of annuals developed (Lewis et al.

1987). Nevertheless, the tall grasslands were almost re-

covered as early as 1988 but no tree species appear at all

(Franceschi and Lewis 1991).
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Since by 1988 the P. prionitis tall grasslands were al-

most recovered and were not yet signs of important

woody species invasions of this community, we put for-

ward the hypothesis that this community is a steady state

community that will not evolve further into a woodland

or forest.

Methods

Before the 1982 catastrophic flood, the vegetation of

the upper river floodplain was described by a survey

along three transects; Florencia-Puerto Piracuá, El

Rabón-Puerto Piracuacito and Villa Ocampo-Puerto

Ocampo (Fig. 1). The catastrophic flood destroyed P.

prionitis tall grasslands, therefore in 1984 herbaceous

plant communities of the higher parts of the river flood-

plain, where normally tall grasslands should grow, were

analyzed in 24 (16 m
�
) plots along the transect El Rabón-

Puerto Piracuacito from the western scarp of the valley for

about 6 km in Puerto Piracuacito direction. Then, the tran-

sect was analyzed again in 1988 and 2002, but in the last

survey the vegetation of three plots of the transect could

not be analyzed because they were ploughed before that

year survey. Apart from floods, main disturbances include

grazing and fires; so far agriculture is very rare and spo-

radic. In all surveys, floristic composition and cover-

abundance of all species using the Braun-Blanquet (1979)

scale were recorded in each plot. In 2002, soil samples of

all plots were collected to determine their granulometry.

Vegetation of the three surveys was analyzed together in

order to detect the development of plant communities

over time. Data were ordinated via CA (Gauch 1982) and

classified with SSA using chord distance as a measure of

dissimilarity (Orlóci 1978). Differences between plots

were analyzed with Friedman test (Siegel 1980). Vegeta-

tion samples from 2002 were analyzed as in the previous

surveys, but species distribution and granulometry rela-

tionship were determined with CCA (Jongman et al.

1995), using the logarithm of fine and intermediate sand

data. Cover-abundance data were transformed to the nu-

meric data of abundance (van der Maarel 1979) and cover

(Braun-Blanquet 1979). In order to reduce noise, species

which appeared in only one plot were not taken into ac-

count.

Results

When all plots are classified together with SSA four

main clusters are formed (Fig. 2) the composition of

which is given in Table 1.

Clusters 1 and 2 are floristically very similar and join

together at a very low dissimilarity level, then cluster 3

joins them, and finally cluster 4 joins the other ones at a

very high dissimilarity level. The clusters are: 1) P.

prionitis tall grassland community, where this species has

high constancy as well as cover. Other species faithful to

this community are Eleocharis viridans, Galactia striata

and Pluchea sagittalis. 2) Cynodon dactylon turf commu-

nity. Although the dominant appears in all communities,

in this community it is more constant and has a higher

cover that forms an almost continuous turf. Also P.
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prionitis has a relatively high constancy in this commu-

nity, but its cover is low. Paspalum almun is the most

faithful species to this group. 3) The Setaria-Eupatorium

annuals community, a floristically very rich community

with Setaria geniculata and many others constant species,

where Eragrostis hypnoides, Eupatorium hecathantum,

Ambrosia elatior, Mikania sp., Baccharis albida, Gamo-

chaeta subfalcata, Scoparia montevidensis, Oxalis sp.,

Plantago tomentosa, Cyperus reflexus, Echinodorus

grandiflorus, Eclipta prostrata, Ludwigia peploides,

Euphorbia hassleriana, Nicotiana longiflora, Heliot-

ropium procumbens, Petunia integrifolia and Verbena

gracilescens are the most faithful ones. 4) The Sporobolus

pyramidatus ‘peladales’ community, which is a homoge-

neous community floristically very different from the

other ones, characterized by very low general cover, and

S. pyramidatus dominance. Other species appearing in

this community are Portulaca cryptopetala, Sessuvium

portulacastrum, Heliotropium curassavicum and Grinde-

lia scorzonerifolia.

In the first survey (1984), the Setaria-Eupatorium

community was the most important one, appearing in

46% of the plots, there were few and just recovering P.

prionitis tall grasslands in only 17% of the plots, and the

remaining 17% of plots were covered by C. dactylon

turfs. The S. pyramidatus community appeared in 20% of

the plots. By 1988, the Setaria-Eupatorium community

has disappeared, and the most important communities are

C. dactylon turfs (71% of the plots). The S. pyramidatus

community appeared in the same plots as in the previous

survey, and there were only 9% of plots occupied by P.

prionitis tall grasslands. In the last survey (2002), 13% of
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the plots were lost to agriculture, P. prionitis tall grass-

lands were the most widespread community (42% of the

plots) and C. dactylon turfs appeared in 25% of the plots.

The S. pyramidatus community appeared just in the same

plots as in the previous two surveys, while the communi-

ties of other plots, except for plot 19, changed from survey

to survey. However, the floristic composition of plots

changed significantly only in 37% of the plots, and 78%

of them were plots in which the community sequence

along the three surveys is Setaria-Eupatorium annuals

community-C. dactylon turfs-C. dactylon turfs, or

Setaria-Eupatorium annuals community-C. dactylon

turfs-P. prionitis tall grasslands. All other changes in flor-

istic composition were not significant at all (Table 2).

In the CA ordination showing all vegetation samples

analyzed together, the S. pyramidatus communities,

which are on alkaline substrate, are discriminated from all

other plots which are associated with more acidic sub-

strate (Lewis et al. 1987). Since the S. pyramidatus com-

munity evidently has no ecological relationships to all

other plots, another CA was done without plots repre-

senting this community type, in order to find a better reso-

lution of other clusters and a clearer trajectory of each plot

along time. This new CA dispersion diagram shows (Fig.

3) Setaria-Eupatorium annual community plots, all re-

corded during the first (1984) survey, towards the positive

side of Axis I and to the negative side all plots from the

other two communities sampled in 1988 and 2002, leav-

ing these plots (sampled in 1984) in an intermediate posi-

tion in relation to the Setaria-Eupatorium annual commu-

nity. This distribution of plots along Axis I may be related

to a temporal and species life history gradient. Axis II dis-

perses P. prionitis tall grassland plots, but without sepa-

rating them completely from those of the C. dactylon

community.

Plots have large distances in their temporal trajecto-

ries from 1984 and 1988, corresponding to a change in

their vegetation from the Setaria-Eupatorium annuals

community to C. dactylon turfs and short distances be-
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tween 1988 and 2002 when the main change is from C.

dactylon turfs to P. prionitis tall grasslands. When the op-

posite happens, as it is the case of plots 15 and 17, differ-

ences between groups of different years are not significant

(Fig. 4, Table 2).

The mean annual cover of P. prionitis increases stead-

ily with time, and more than other species. C. dactylon

cover also increases from 1984 to 1988, but decreases

later on. Spilanthes decumbens, Sesuvium portulacas-

trum, P. almum, Panicum laxum and G. scorzonerifolia

behave in a similar way as C. dactylon. On the other hand,

the cover of Eupatorium candolleanum, E. hecatanthum,

S. geniculata, A. elatior and Spilanthes stolonifera de-

creases with time and at the end these species have very

low cover values. The cover of E. viridans, Gerardia

communis and Scoparia montevidensis also decreases,

but at the end these percentages increase a little. S.

pyramidatus is the only species whose cover does not

change with time. E. hypnoides was recorded only in 1984

and Leersia hexandra, Echinochloa crusgalli, Axonopus

compressus, Dichondra microcalyx, Coniza bonariensis

and Aspilia silphioides were recorded almost exclusively

in the last survey (Fig. 5).

Since CCA shows no association of the species of the

S. pyramidatus community and any of the measured envi-

ronmental variables, a second CCA was performed with-

out data from this community. The first two axes of this

analysis explain 54% of the species-environment relation

and the correlations for these axes are 0.96 and 0.90 (Fig.

6). However, the measured environmental variables ac-

count only for 20% of the variance of species data, there-

fore substrate variables are not identified with dominant

species. The significant substrate variables are medium

and very fine sand and clay (Student’s t-test, p≤0.01), but

among the important species only C. dactylon can be as-

sociated to medium sand and E. viridans to clay. The

other species associated to the measured variables are not

important, since they are neither constant nor abundant,

and have meaningless cover.

Discussion

When all 69 vegetation samples are classified to-

gether, some plots bear in all three surveys the same un-

changeable community, while other plots may change

with time. The unchangeable community is the S. pyrami-

datus one, the ‘peladal’. This community is in alkaline

patches near the western scarpe of the floodplain. This

community, in face of catastrophic floods is very resis-

tant, and no changes in floristic composition whatsoever,

are induced in it by this disturbance. For the objective of

this paper, they should not have been analyzed at all.

However, when the plots were set up, it was not known

that the S. pyramidatus community was a permanent one,

very different from P. prionitis tall grasslands or related

communities. The other three communities are all related,

being variants of the P. prionitis tall grasslands. More-

over, one of them may be a successional community lead-

ing to tall grasslands. In the first survey, short after the

catastrophic flood, the P. prionitis tall grasslands were de-

stroyed and replaced by a floristically rich community

with many annual species, i.e., the Setaria-Eupatorium

community. This is a pioneer community in the regenera-

tion process of the floodplain, which covers the ground

after the flood when the tall grasslands are destroyed. This

Figure 6. Biplot (CCA) of species-substrate factors. Species with constancy of III, IV and V and with more than

5% mean cover in 2002. Species abbreviations as in Table 1.
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community was in fact composed of the sparse species of

tall grasslands (Lewis et al. 1987) and almost disappeared

for the time of the second survey, which was not much

later than the catastrophic flood. Therefore it is a

fugacious community composed by many fugatives,

which are competitively inferior species which survive by

colonizing newly disturbed patches (Hutchinson 1951).

When the tall grasslands recover, fugatives become con-

fined to sparse gaps within the matrix of the tall grassland

and turfs. The pioneer Setaria-Eupatorium community is

colonized either by C. dactylon or P. prionitis, and with

time, it evolves into turfs and tall grasslands dominated by

these two species. The development of the pioneer com-

munity into the mature communities is very rapid and it

almost disappears in only four years after its appearance.

The P. prionitis tall grasslands and the C. dactylon turfs,

in fact are variants of the same community. The decrease

of P. prionitis cover allows the expansion of C. dactylon,

and vice versa (Fig. 5), so the occupation of a plot by tall

grasslands or C. dactylon turfs probably depends on the

disturbance regime of the plot. The affinity among these

three groups, the Setaria-Eupatorium, the P. prionitis and

the C. dactylon communities is well shown by CA which

does not separate them completely (Fig. 3).

In spite of its destruction, some patches of turfs and

tall grasslands with some P. prionitis tussocks remained

after the flood. With time, strong dominance of C. dacty-

lon and P. prionitis developed and the vegetation did not

change further. Changes along time were due more to

changes in cover and dominance than to changes in flor-

istic composition and this happened as well in other parts

of the floodplain (Franceschi et al. 2000). These changes

are gradual, so this is why the percentage of significant

differences among the vegetation of the same plot in dif-

ferent survey is so low. On the other hand, even though

the second survey was done four years after the first one,

and the third study followed fourteen years after the sec-

ond, the distances in plot trajectories are larger in the first

period (Fig. 4). The most important changes occurred at

the beginning and were related to a transition from the

Setaria-Eupatorium pioneer community to turfs. The

concentration of changes at an early stage after the cata-

strophic flood was reported as well in the recovery of tall

grasslands and other communities of the floodplain very

far south (about 500 km) from those mentioned here

(Franceschi et al. 2000).

The most important disturbance of the area is by ex-

traordinary floods, which are natural, and fires and graz-

ing, which are basically anthropic. The first one is of very

high intensity and low frequency, long lasting, and hap-

pens at spatial scale, while the others are short, variable in

intensity, very frequent, and happen at a smaller scale

(Keddy 2000). In wetlands, extrordinary floods act upon

renovation processes of communities while fire and graz-

ing act upon the structure and floristic composition of the

communities. The same behavior occurs with forest reno-

vation (Laska 2001).

The relation between sediment texture and vegetation

was shown by Lewis and Franceschi (1979) and Campos

and Souza (2000) and this factor may condition the vege-

tation distribution when communities are mature. How-

ever, this association was not found in S. pyramidatus

‘peladales’ but they are on very alkaline substrate, and

this factor overwhelms all other environmental factors. In

other communities, without considering ‘peladales’, spe-

cies associated to sediment texture were not important for

Figure 7. Pathways of possible recovery of destroyed vegetation. Arrow size is proportional to the relative im-

portance of each direction.
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their dominance or fidelity to their group. In fact, it seems

that truly important factors controlling species distribu-

tion were not measured, and CCA explains only the resid-

ual variance of companion species (Jongman et al. 1995).

Hupp and Osterkamp (1985) also found that factors other

than sediment texture are more important in site-vegeta-

tion relationship. Since fire and overgrazing, alone or to-

gether, affect the P. prionitis and C. dactylon cover, we

can assume that when vegetation is recovered these fac-

tors are more important than sediment texture in relation

to species distribution.

In face of catastrophic floods, both P. prionitis tall

grasslands and C. dactylon turfs are very resilient commu-

nities. The flood destroys them and after water recedes

they are replaced by a pioneer community composed of

sparse species, especially annuals, of the mature tall

grassland (Lewis et al. 1987). However, they recover very

soon, and after only four years the Setaria-Eupatorium

pioneer community disappeared entirely and was re-

placed by turfs and tall grasslands by 1988 (Franceschi

and Lewis 1991), and with time the tall grasslands not

only remained on the ground, but also a strong P. prionitis

dominance develop. So far, there are no signs of tall grass-

lands invasion by tree species.

These communities recover after the flood by follow-

ing different ways, but apparently the most important one

is the annuals-turfs and the turf with P. prionitis-tall

grasslands (Fig. 7). The rapid tall grasslands recover and

the absence of tree individuals supports the hypothesis

that the P. prionitis tall grasslands are steady state stable

communities which are rejuvenated by catastrophic ex-

traordinary floods.

As concluding remarks, we can state that: a) Extraor-

dinary floods destroy tall grasslands. b) Floodplain

revegetation starts as soon as water recedes. c) The pio-

neer community in place of P. prionitis tall grasslands is

a floristically rich community composed mainly of the

sparse species of the tall grasslands. d) The development

of the pioneer community into mature grasslands is a rela-

tively rapid process. e) The dominant species of the ma-

ture grasslands are either P. prionitis or C. dactylon. f)

The dominant species of a mature grassland depends on

the disturbance regime of the site, probably by fire inten-

sity and frequency and grazing. g) Tall grasslands do not

evolve into forests, at least during the first 20 years after

a catastrophic flood. h) Therefore, catastrophic floods re-

juvenate the floodplain, thus preventing further develop-

ment of tall grasslands into other community types.
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