
Introduction

The River Paraná is the second largest river of South

America. From its confluence with the River Paraguay, it

runs from north to south between two tectonic scarps

through a floodplain up to where it joins the River Uru-

guay and forms the River Plate which in fact is a large

estuary (Iriondo 1972, Iriondo and Drago 1972). The

Paraná river valley is subject to a yearly pulse of seasonal

flooding, reaching its peak in autumn and the lowest water

level in spring; every few years at irregular intervals there

are major floods and few times in a century there are ex-

traordinary catastrophic floods, such as the 1905 and 1983

ones, during which only the crown of the tallest trees

emerge from the waters (Lewis et al. 1987).

On the river banks, the peripheral levees of the islands

and sand bars there are different kinds of forests and

shrublands, whereas inside and around the internal de-

pressions of the islands there are several kinds of herba-

ceous communities. General surveys and descriptions of

the River Paraná vegetation can be found in Morello

(1949), Burkart (1957) and Franceschi and Lewis (1979).

As to its floristical composition, it is related to the Misio-

nes nucleus of Prado and Gibbs (1993), and the peculiar

subtropical climate in which it thrives (Bonetto 1975).

The forests and herbaceous communities in the River

Paraná valley belong to the subtropical Paranaense phy-

togeographical province of Cabrera (1976). The dynam-

ics of all these vegetation types are intensely influenced

by the hydrological regime and the frequency and length

of the floodings (Lewis and Franceschi 1979), of which

the extraordinary ones destroy the herbaceous vegetation

altogether and seriously affect the woody communities

(Lewis et al. 1987), thus causing a high intensity distur-

bance at landscape level (van der Maarel 1993).
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The zonation of the herbaceous communities, ar-

ranged in concentric rings around a shallow lake at the

center of the islands and following a slight elevation gra-

dient, has been taken as an indication of successional se-

quence leading to a forested climax (Morello 1949,

Burkart 1957). The community sequence consists of an

internal ring of “canutillares” of rooted floating Grami-

nae (mainly Panicum elephantipes and Echinochloa

polystachya), followed by “verdolagales” of Ludwigia

peploides, several “cataisales” of different species of the

genus Polygonum, and in the outer ring the tall grasslands

of Panicum prionitis (“paja de techar”). However, not all

zonation should be taken as evidence of succession (Dan-

sereau 1957); moreover, Lewis and Franceschi (1979)

questioned the chance of the P. prionitis tall grasslands to

develop into a forest.

The 1983 extraordinary catastrophic flood was the

most important of the century (Bó and Malvárez 1999); it

lasted for more than two years and wiped out all herba-

ceous vegetation of the flooding valley of the Paraná

River (Lewis et al. 1987, Franceschi and Prado 1989).

Subsequent floods reached a similar height but they were

of far shorter duration, such as that in 1992 (Bó and

Malvárez 1999). However, the P. prionitis tall grassland

has been established to be very stable, since the initial

floristic composition was restored quite rapidly

(Franceschi and Lewis 1991). Thus, this community re-

sulted to be resilient (sensu Westman 1978, Westman and

O’Leary 1986) and persistent (Connell and Sousa 1983,

Veblen 1992). This persistence of the populations of the

different species, which did not become extinct during

and after the floods, is achieved through the “propagule

stage” (sensu Noble and Slatyer 1980), probably mainly

of vegetative origin though fruits and seeds are not ruled

out; such is the case of the P. prionitis tall grasslands

(Franceschi and Lewis 1991).

There is a considerable body of research on distur-

bance in plant community ecology, particularly referring

to northern hemisphere forest vegetation (Engelmark et

al. 1993, Bergeron et al. 1998) and temperate grasslands

(van der Maarel 1993). Different views and varying con-

cepts of disturbance can be traced in the modern literature,

sometimes with more emphasis on the patterns of succes-

sion (Grime 1979, Sousa 1984, Denslow 1985, Pickett

and White 1985, Tilman 1985, Glenn-Lewin and van der

Maarel 1992) than with respect to stability, a concept still

undefined clearly (van der Maarel 1993). Despite that

“there is a general feeling that disturbance and stability

are closely interrelated” (van der Maarel 1993), it remains

to be seen how these two concepts may be linked. Van der

Maarel’s (op. cit.) maintains that stability is only possible

as a result of disturbance (“Disturbance FOR Stability”),

particularly bearing in mind temperate grasslands and bo-

real forests.

In the present contribution we analyse, by means of

the floristic composition, the effect of disturbance in-

duced by catastrophic floods on the vegetation stability

and dynamic processes, in an internal depression and

pond of the riparian plant communities in an island of the

River Paraná valley. Our hypotheses are that 1) the plant

communities of this area will be restored rapidly and 2)

there will be a succession process which will produce a

shift of communities so that those on the higher part of the

elevation gradient will encroach the ones at its lower part.

Methods

Study site and sampling

The study site is on the island Campo Rico, which is

part of the “El Rico” Provincial Reserve of the flood plain

of the River Paraná valley (Franceschi et al. 1985), placed

between 32°10’ and 32°25’ S, and 60°40’ and 60°45’ W,

Santa Fe Province, Argentina (Fig. 1). Accessibility to

this site is difficult in normal times and impossible during

major floods.

On March 1986, thirty 2.5 by 2.5 m permanent plots

were laid at regular intervals along a 600 m long transect,

from the forested levee down to the edge of the central

lake of the island. Relative topographic elevation was de-

termined with an optical level. In each plot floristic lists

were made and the abundance-cover of species was esti-

mated by means of Braun-Blanquet’s (1979) combined

scale. The choice of the site was based on the authors’ pre-

Figure 1. Geographic localization of the study site.
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vious knowledge of the Reserve and island whose vege-

tation had been mapped and analysed shortly before

(Franceschi et al. 1985). The first vegetation sampling for

all quadrats was performed in autumn 1986 (Franceschi

and Prado 1989), and from this time onwards the visits to

the area and vegetation sampling were conducted during

successive springs until 1996, with the exception of the

years 1990 and 1992 when major floodings prevented the

access to the island. Thus, nine annual data series are

available.

Shortly after data records were taken in 1988, an ap-

parently spontaneous fire affected most of the Reserve

and the transect area; this was followed by a relatively

early major flood in 1989. As an environmental reference

of the hydrological conditions during the yearly period of

data gathering, the highest annual level is provided and

the average daily height of the river at the Diamante hy-

drological station was calculated for the 120 days before

the date of data recording (Fig. 2).

Data analysis

A data matrix was built up of 270 vegetation sample

units and 65 species; species appearing in only one relevé

were omitted since they only add noise to the analysis

(Gauch 1982). Also, the free floating plant species were

omitted because drift made their record unreliable. Clas-

sification of the sample units was performed employing

the sum of squares method, with Euclidean distance as

dissimilarity measure (Wildi and Orlóci 1990). Sample

units and species were also ordered with the reciprocal av-

eraging method (McCune and Mefford 1999). In order to

detect any possible successional development, the indi-

vidual trajectory for each plot along the whole period was

determined (Austin 1977). Quadratic regression analysis

between Axis I of the numerical analysis and relative

topographic elevation was performed. Shannon and

Weaver diversity index (McCune and Mefford 1999) was

calculated and averaged for each year, differences be-

tween years were compared with the Friedman test

(Siegel 1980, Hollander and Wolfe 1973).

To facilitate the comparison with the pre-catastrophic

flood situation, sample units recorded during the 1981

survey (Franceschi et al. 1985) corresponding to equiva-

lent communities to those classified here, were compiled

in each community. Thus, five artificial relevés were al-

located through an identification method (Wildi and Or-

lóci 1990) to the groups produced by classification.

Results

The classification of sample units produced three

main groups: Group 1 is the more homogeneous and well-

defined, characterized by the abundance of the dominant

tall grass P. prionitis. The less homogeneous Groups 2

and 3 are more closely related to each other than to Group

1, and they are characterized by the dominance and abun-

dance of Polygonum acuminatum and L. peploides, re-

spectively (Fig. 3). The pre-catastrophic flood artificial

relevés were assimilated in the classification analysis by

their corresponding post-disturbance groups without any

trouble. Taking these groups into account, the vegetation

types recorded for each year in all permanent plots are

summarized in Table 1. Thus, the 30 permanent plots can

be classified as follows: a) five plots whose vegetation

type has not changed whatsoever throughout the analysed

period, of which four correspond to P. prionitis tall grass-

lands and one is a “verdolagal” of L. peploides; b) five

plots which have suffered different changes but all ended

in the more hygrophilous community of L. peploides; c)

16 plots (over 53% of all plots) that remained stable dur-

ing the first three years with a turning point from 1989

onwards; most of them (14 plots) belonged to Group 2

(P.acuminatum) at the beginning of the study, but gener-

ally (13 plots) ended in the related Group 3 (L. peploides).

Finally, d) with the last four plots, all of which started and

ended in Group 3, though they started fluctuating between

Groups 3 and 2 in 1989 after the fire followed by a rela-

tively more severe flood.

Figure 2. Annual maxima

of water height (dots) and

average height of 120 days

before vegetation data re-

cords (columns). Data from

Departamento Distrito Pa-

rana Medio (Diamante).
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The ordination of the 270 sample units (Fig. 4a) pro-

duced a considerable dispersion along Axis I but no clus-

ters are formed whatsoever, while Axis II only disperses

a few sample units (5%) of the negative extreme of Axis

I. They are the 1986 sample units of plots 21 to 30, except

for plot 27, and also the 1987/88/89 sample units of plot

29 (topographically the lowest one and the more suscep-

tible to flooding). On the other hand, the ordination of the

65 species (Fig. 4b) shows clearly that the more hygrophi-

lous ones tend to concentrate towards the negative ex-

treme of Axis I, whereas the more mesophilous species

are located in the positive end of the same axis, therefore

suggesting that this Axis I is related to a notorious humid-

ity gradient. Moreover, the correlation between Axis I of

the numerical analysis and relative topographic elevation

of each permanent plot resulted to be positive (Fig. 5),

with the higher plots being therefore placed in the positive

extreme of Axis I and the lower plots (more floodable and

spatially closer to the central lake) towards its negative

extreme.

The temporal trajectories of each permanent plot

show very restricted movements throughout the analysed

period, mostly concentrated in small segments of Axis I

(Fig. 6a,b) without any directionality at all. In most of the

plots, the sample units of the different years are closely

grouped, except for the more separated 1986 sample units

of plots 21, 22, 26, 28 and 30, and the 1986 and 1989 sam-

ple units of plot 29 (Fig. 6b). Diversity (Fig. 7a) and flor-

istic richness (Fig. 7b) are relatively stable, showing

scarce variation throughout the analysed period but with

moderate peaks in 1986 and 1991 after major infrequent

disturbances, however, differences between years are not

significant (p<0.05) at all and equitability (Fig. 7c) varies

even less and differences between years are also not sig-

nificant (p<0.05).

Discussion

The floristic composition at a particular study site re-

flects both the predominant present environmental condi-

tions and the historical events, and probably the best way

to detect successional tendencies consists in following the

variation of the floristic composition through time

(Philipi et al. 1998). The deployment and survey of per-

manent plots allow for a better evaluation of the floristic

changes involved, given that this method reduces the con-

fusion between small scale temporal and spatial vari-

ations (Bakker et al. 1996). If relevant successional

changes had occurred at a particular site, the ordination

methods of vegetation analysis should reveal an associa-

tion between time and one of the first three axes; however,

such link was not found in the present study. On the con-

Figure 3. Dendrogram of the vegetation sample units ob-

tained by the sum of squares agglomeration method (Q:

value of sum of squares).

Table 1. Groupings of the sample units in successive years.

Scores indicate the group produced by sum of squares

method to which each sample unit belongs in successive

years. Broken line indicates the permanence of the initial

vegetation.
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trary, the significant correlation found between Axis I and

both the topographical elevation (Fig. 5) and the species

sequence according to their degree of hygrophily (Fig.

4b), permits a confident assignment of this axis to an en-

vironmental gradient of humidity.

It has been stated that time and space are related in

vegetation dynamics (Glenn-Lewin and van der Maarel

1992), and that the shaping forces for vegetation change

over large areas are generally the same as those generating

change over long time spans (Austin 1981, Delcourt et al.

1983, Falinski 1988). In this sense it is interesting to note

that the aforementioned gradient of humidity has been

identified as the major environmental factor controlling

the vegetation variation after the analysis of the first year

data (Franceschi and Prado 1989). A decade of yearly and

major floods and a combined double disturbance (the

Figure 4. Scatter diagram of samples (a) and species (b) in the plane of Axes I and II of reciprocal averaging ordination.

Abbreviations: Aniarg, Aniseia argentina; Bacphy, Baccharis phyteumoides, Bacpin, Baccharis pingraea; Chachi, Chaetot-

ropis chilensis; Cartwe, Carex tweediana; Echpol, Echinochloa polystachya; Eleele, Eleocharis elegans; Enhana, Enhydra

anagallis; Gymspi, Gymnocoronis spilanthoides; Hymamp, Hymenachne amplexicaulis; Ludpep, Ludwigia peploides;

Panele, Panicum elephantipes; Panpri, Panicum prionitis; Poalan, Poa lanigera, Polacu, Polygonum acuminatum; Roumon,

Roulinia montevidensis; Scical, Scirpus californicus; Typlat, Typha latifolia.
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Figure 5. Quadratic regression between relative topographic elevation and sample units scores on Axis I of reciprocal aver-

aging ordination.

Figure 6. Sample trajectory of plots: a) 1 to 15 (above) and b) 16 to 30 (opposite page). The biggest black dot indicates the

first year.
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1988 fire and subsequent flood) has gone through, but the

modelling environmental factor still remains the same.

The absence of any identifiable tendencies in the tem-

poral trajectories for each plot makes obvious the lack of

important changes of hygrophilous species for mesophi-

lous ones, or the encroaching of hygrophilous communi-

ties by the mesophilous ones of the higher part of the ele-

vation gradient, as it should be expected if there was a

successional change. The sample units that appeared

separated from the rest contained populations of the

rooted floating grass P. elephantipes, which resulted to be

relevant only during the first year after the extraordinary

flood, or in the fourth year in plot 29 after the fire and

followed by a major flood. Similar temporal trajectories

have been shown for other floodable environments in

Europe and USA (Bornette and Amoros 1991, 1996, Bat-

taglia et al. 1995, in the upper end of the gradient). This

pattern of temporal response, non linear and erratic rather

than fluctuating, seems to have more relationship with a

stable vegetation stage than with the successional stages

of a community (Orlóci 1993). Nevertheless, and despite

that the present results do not allow for a successional sce-

nario, the lower end of the gradient here studied also

showed the greater compositional changes in relative

terms, though never as high as those of Battaglia et al.

(1995).

Temporal trajectories of most plots indicate that the

vegetation of each plot is relatively stable, which is sup-

ported by the fact that 46.6% of them (Table 1) have simi-

lar vegetation in the first year and at the end of the ana-
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lysed period and no important community replacements

have been observed. There is, however, a synchronous

and somewhat relevant change from 1989 onwards (Table

1c), caused by a marked double disturbance (the 1988 fire

and subsequent early flood). The complete destruction of

the vegetation is an obviously radical change for a com-

munity; however, it is notable that the first plant commu-

nities to appear immediately after the 1983 catastrophic

flood have been evaluated as essentially similar to the pre-

vious ones (Franceschi and Prado 1989) and also shown

in the present analysis. Even the abundance and domi-

nance in patches of the rooted floating grasses was

shortlived, so that the P. elephantipes communities lasted

just only one year and the E. polystachya up to three, until

the moment in which double subsequent disturbances al-

lowed for an ephemeral recovery of P. elephantipes only

in plot 29 and the second species became rare up to its

complete disappearance.

The fast recovery of the vegetation in the flooding val-

ley of the Paraná River, despite its complete destruction

in cycles, should be attributed in all likelihood to the

availability of propagules on the ground (the “propagule

stage” of Noble and Slatyer 1980) and to the clonal habit

of the dominant species. The dominant species should be

perennials with some trait for asexual reproduction, as

predicted by Bazzaz (1996); indeed, P. prionitis, Thalia

geniculata, Eleocharis nodulosa, E. elegans, Scirpus cali-

fornicus, Hymenachne amplexicaulis, Solanum glauco-

phyllum, have subterranean rhizomes capable of resprout-

ing and they are doubtless clonal populations. Possibly

the same is true for P. elephantipes, P. acuminatum and

Alternanthera philoxeroides, as they have easily rooting

stems (personal observation). This feature of the domi-

nant species grants considerable resilience to their com-

munities, as in this way they pre-empt the areas to be oc-

cupied. Some populations can regenerate from the

remaining propagules or from those arriving to the site by

means of “embalsados” or “camalotales” (floating masses

of aquatic plants carried over by the River Paraná over-

flowing waters during flood; Tur 1972). Thus, species

such as P. elephantipes, L. peploides, Polygonum spp. or

A. philoxeroides can develop successfully from the

propagules that are left behind by the fast drawdown wa-

ters. Some species could not only regenerate vegetatively

but also they could probably reinstall themselves through

the soil seed bank.

The importance of disturbance for diversity has been

widely demonstrated (van der Maarel 1993), and the

peaks of maximum diversity and floristic richness associ-

ated to rather infrequent disturbances are well-known

Figure 7. Annual diversity (a),

floristic richness (b) and equita-

bility (c) averages and standard

deviations.
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(Denslow 1985, van der Maarel 1993), which has been

noted for the vegetation of this river as well (Lewis et al.

1987, Franceschi and Lewis 1991). An almost unchang-

ing floristic richness and equitability together with no im-

portant changes of one type of species for other, indicate

that vegetation is very stable, and do not suggest a succes-

sional process.

It is interesting to note that the level of vegetation dis-

turbance of the extraordinary floods of the River Paraná

seems to be much more important than the Caribbean

tropical hurricanes. The latter result mainly in pro-

nounced defoliation of the trees, and mortality, usually of

about 7% (Walker 1991), seldom goes beyond 13% of the

trees involved (Tanner et al. 1991). Because of that and

the rapid recovery of trees, it has even been suggested that

hurricanes are not catastrophic events at all (Brokaw and

Walker 1991). Furthermore, the fires that frequently fol-

low in the wake of hurricanes may be more important than

direct hurricane damage (Whigham et al. 1991). On the

contrary, the kind of catastrophe dealt with here causes in

the River Paraná many more plant casualties.

Therefore, it can be concluded that the herbaceous

vegetation of this area, spatially ordered following a hu-

midity gradient associated to a topographic elevation gra-

dient, is very resilient in the face of major or even cata-

strophic disturbance, and that after it all communities will

quickly recover through a process of “regeneration suc-

cession” (van der Maarel 1988). This vegetation reacts to

strong, infrequent disturbances in phase, by means of con-

spicuous but brief changes which quickly disappear as a

result of the notable resilience of its communities. This

also clearly indicates the great stability of these subtropi-

cal communities, thus supporting van der Maarel’s (1993)

contention: “Disturbance FOR Stability”, widening its

application to these subtropical, riparian communities of

the River Plate basin.
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