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Abstract. This paper reports on species changes which oc-
curred in plots in a Uruguayan grassland after 55 yr of con-
tinuous grazing. The study was based on the pioneering work
of B. Rosengurtt who sampled 10 plots in 1935; in 1990 we re-
sampled five of them. Comparative studies were based on
rank-frequency, diversity, evenness and multivariate analy-
ses. Diversity was measured as species richBeShan-

non's indexH and its exponential for\l = €, evenness

E = N/Sand Gini's coefficient of hierarch@. Species-rich-

ness of the plots increased significantly. Species which en-

In Uruguay, the area occupied by natural grasslands
amounts to more than 140 000 %nof which about
90 % are used for extensive grazing by cattle and sheep.
The introduction of domestic herbivores following set-
tlement by Europeans significantly changed the original
structure of these grasslands (Gallinal et al. 1938). While
the ungrazed vegetation grows 40-50 cm tall and is
dominated by tussock grasses, under the current grazing
regime itis short turf less than 5 cm tall (Sala et al. 1986;

tered the sites are mostly weedy species, while those that have Millot et al. 1987; Panario 1994).

decreased are mostly palatable forage species. Evenness, how-

ever, remained constant. Floristic change was chiefly associ-
ated with time, and secondarily with plot soil-type. During the
55 yr that elapsed between both observation periods, a dra-
matic floristic change has occurred in this grassland site.

Keywords: Community structure; Deterioration; Diversity;
Evenness; Gini coefficient; Species-abundance; Weed.

Nomenclature: Lombardo (1984).

Introduction

The natural grasslands of the temperate South Ameri-
can plains in Uruguay, Brazil and Argentina have been
considerably transformed by human intervention, par-
ticularly grazing and change of land-use into intensive
agriculture. Unfortunately, very few efforts were made
before this large transformation occurred to make an
inventory of the original composition of the South Ameri-
can grasslands and follow its changes through time.
Furthermore, few efforts have been made to establish
permanent plots that may allow the evaluation of the
rate of transformation of these ecosystems. In many

Herbivore-induced shifts in species composition and
ecosystem function have been well documented in
grasslands from Argentina. In the flooded Argentinian
Pampas, exotic species that grow primarily during winter
and spring are significantly promoted by domestic graz-
ing (Facelli et al. 1988; Facelli 1988; Chaneton & Facelli
1991). These grazed grasslands have suffered a major
change in ecosystem function with a significant decline
(ca. 40 %) in above-ground net primary production pri-
marily during the warm season (Rusch & Oesterheld
1997). Additionally, changes in the architecture of the
vegetation in response to anthropogenic disturbance (es-
pecially grazing pressure) have been reported in montane
grasslands of Argentina with a progressive miniaturisa-
tion of photosynthetic structures and concentration of
biomass close to the ground (Diaz et al. 1992).

In this paper we present evidence on how and to
what extent the biological diversity and species compo-
sition of a native grassland in Northern Uruguay has
changed during 55 yr, between 1935 and 1990, under
traditional continuous grazing. We based our study on
the pioneering work of Bernardo Rosengurtt, who had
the foresight to accurately describe the native grasslands
of northern Uruguay in the early 20th century, by sam-
pling and carefully mapping plots that can still be lo-

cases, the extant native vegetation has been eliminatedcated in the field.

during recent decades to establish modern, high-input
agricultural systems, frequently based on chemical till-

age which completely change the original plant commu-

nity — possibly beyond recovery.
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Methods

Study site

The study site was a native grassland on Cerro
Largo, NW Uruguay, in the Estancia Palleros, a live-
stock breeding ranch (3®5'S, 54 30' W). Geomor-
phologically, the site forms part of the sedimentary
plains of NE Uruguay, near the Brazilian border, at an
altitude of ca. 150 m a.s.l. The soil is a dark prairie soll

type, developed on sediments derived from igneous and

metamorphic materials, with a high content of organic
matter & 3%) in the A-horizon and a moderate drainage
capacity. In the higher parts, the soil profile is more

developed, with a deeper A-horizon and an argillic B-

horizon. In the lower parts, poor drainage promotes the
development of soils with less differentiation, with a

higher pH, a more shallow A-horizon and a lower amount
of clay in the B-horizon (Duran 1985).

Mean annual precipitation between 1961 and 1990 was
1098 mm. The rain is distributed evenly throughout the
year (cf. Ezcurra & Rodrigues 1986). Mean annual tem-
perature for the same period was P&5ranging from a
winter monthly mean of 10 in July to a summer mean
temperature of 22.7C in January (Anon. 1996).

The dominant vegetation type is native grassland
where the low herbaceous species are largely main-
tained by the grazing pressure of cattle. The normal
height of the grassland canopy is around 5cm, the
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we re-sampled the remaining plots, using exactly the
same procedure that had been used by Rosengurtt et al.
in 1935. The plots were relocated using the original
maps, the 25 frequency quadrats were placed at random
inside each plot. During the 55 yr that have elapsed
between both samples, the fields were managed under
traditional continuous grazing, with Hereford cows and
sheep at a density of about one animal unit (i.e. one cow-
equivalent) per 2 ha.

Data analysis

A species-by-plot matrix was prepared that included
the species frequencies in the five plots in 1935, and in
the same five plots in 1990. The matrix contained a total
of 121 species (a magnetic copy of the complete data set
can be obtained from the first author). For each plot, we
counted the total species richneSg €alculated Shan-
non’s diversity indexH) and its exponential diversity
number N = &), as well as the evenne&s< N/S; Hill
1973c) and Gini’s coefficient of hierarch@;(Weiner &
Solbrig 1984). Becausg H, N, E andG are synthetic
community descriptors that were measured in the same
plot at two different times, they constitute a case of
repeated measures with no replicates at the plot level.
Differences in these values between the two years were
evaluated by means of a procedure suggested by Mead
(1988; see also Gurevitch & Chester 1986 and von Ende
1993) for the case of repeated measurements. We first

dominant species are stoloniferous and caespitose calculated, for each plot, the differences between the
grasses, and perennial herbs. In the non-grazed parts,values observed in 1935 and in 1990. Thus, for each
some small woody shrubs and tussock grasses may community variable (i.5 H, N, E, andG ) we obtained
appear (Rosengurtt 1943). In the region where our re- a vector of five difference-values. Under the null hy-
search site is located only 1.5 % of the area is used as pothesis of no change in the descriptor, we would expect
cropland. Following the classification of grasslands of the differences between the two years to be random
Milchunas et al. (1988), our study site corresponds to a deviates with expected mean equal to zero. We tested by
subhumid grassland with a long history of grazing. means of a-test the mean of each difference vector,
under the null hypothesis that the mean difference be-
Data collection tween the two years should not be significantly different
The Palleros sites were first sampled in the summer from zero.
of 1935 by B. Rosengurtt and collaborators (Gallinal et We also ranked the species abundances in each plot
al. 1938). 10 plots were located in different parts of and plotted the resulting rank-frequency curves on both
Estancia Palleros with the purpose of evaluating the an arithmetic and a logarithmic scale. Differences be-
species composition of the local native grasslands. Each tween these curves were evaluated by means of a log-
plot was marked in the field as a 1242 m square. linear model on the rank-ordered frequency matrix, tak-
Botanical composition and species frequency were de- ing the rank of the species, the year and the plot as
termined in each plot by locating 25 random quadrats predictors of the species frequencies.
0.5 mx 0.5 min size. In each quadrat, the presence of all To evaluate the importance of purely floristic
species was recorded. The frequency of occurrence in changes, a Principal Component Analysis (non-stand-
the 25 quadrats was used as a measure of the relativeardized, with Gower’s double centring procedure; see
abundance of the species in each plot. The first results Gower 1966; Noy-Meir 1973; Noy-Meir et al. 1975;
were published shortly afterwards (Gallinal et al. 1938; Ezcurra 1987) was performed on the whole data matrix
Rosengurtt 1943). Since then, five of the plots have been with presence-absence data. To evaluate the importance
lost, as they have been planted viticalyptusor have of changes in species abundances in the plots, we also
become flooded through water management. In 1990 carried out a Correspondence Analysis on the same
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matrix with the complete frequency data. We used calculate the corrected probabilities we used the Dunn-
ORDEN version 2.0 for these analyses. To avoid distor- Sidak method as described in Ury 1976, and in Sokal &
tion of the CA by rare species (i.e. the ‘rare-species Rohlf 1995).

effect’, see Gauch 1982), we eliminated from this sec-

ond analysis all species that were present in only one

plot and all species that were present in more than one Results

plot but that showed low frequencies in the plots in

which they were present (technically, the exact criterion Changes in species diversity

we used was to eliminate all species that had expected

values below unity in the frequency table, calculating The log-linear model indicated that the rank-fre-
the expected value in the standard way for contingency quency plots differed significantlp & 0.0001) between
tables, i.e. row totat column total / table total; see  years. A significantg < 0.0001) quadratic effect of the
Everitt 1977). The resulting matrix contained 72 spe- rank was also detected, a fact that highlights the notable
cies. In both the Component Analysis and the Corre- convex shape of the rank-frequency curves on a loga-
spondence Analysis we evaluated the significance of the rithmic scale (Fig. 1). Finally, significant (although quan-
axes by comparing the percentage variance explained titatively less important when compared to the between-
by each axis against the predicted values of the broken- years effect) differences were also found between plots.
stick distribution (Jackson 1993). In the case of corre- These results were confirmed by the values of diversity
spondence analysis, we also calculatedyBealue of and evenness (Table 1). Both Shannon'’s diversity index
each axis (calculated as the product of the axis’ H and the diversity numbeM increased significantly
eigenvalue times the sum of all frequencies in the ma- with time ¢ =50.2; p<0.0001, d.f=4; andt = 25.6;

trix; see Legendre & Legendre 1983) as a measure of p<0.0001, d.f=4, respectively). However, when di-
significance. By means of an Analysis of Variance we versity was decomposed into species richn&ssirid
evaluated the relationship between the axes and time asevennessH), it was found that species richness in-
a predictive factor. Finally, the trajectories between creased significantlyt € 42.0;p < 0.0001, d.f=4) in
1935 and 1990 of the five plots in the reduced multivariate all plots between 1935 and 1990, but that evenness did
space were drawn on the ordination graphs to highlight not change in a significant way2.6;p = 0.06, d.f=4).
differences and similarities in the vegetational changes A statistical analysis of Gini's coefficienG] also
between the plots. failed to detect any significant change(@.7;p = 0.16,

Soil samples were taken from each plot during the d.f. =4) in the degree of hierarchical dominance of the
1990 sampling, and were air-dried and analysed in the rank-frequency curves between 1935 and 1990. This
laboratory (no soil samples were taken in 1935). After would be expected since both indices measure the
the laboratory analyses were completed, the soil fea- evenness of the hierarchical distribution of species, a
tures were summarised into a data table for statistical very high correlation was also found betwé&eandG
analysis, in which we included: (a) the thickness of the (r =0.99; d.f.=8; p <0.0001).

A-horizon, (b) the content of sand, loam and clay in the In short, the species richness of the five plots in-
A-horizon, (c) the content of clay in the B-horizon, (d)
the ratio of clay in the A-horizon to clay in the B-
horizon, (e) pH, (f) monovalent and bivalent cations
(Ca, Mg, Na and K) and (g) the K/Na ratio as an
indicator of soil fertility. We assigned the same values

Yy

are relatively constant in time. We excluded from the
analysis other soil variables such as organic matter,
nitrogen and phosphorus contents in the A-horizon, as
their values may have changed substantially with time
and with the management of the pasture. We calculated
the correlation coefficients between the soils attributes
. rank
and axes 1 and 2 of both the Component Analysis and _ o
the Correspondence Analvsis. Because each axis WaSFlg' 1. Rank-frequency plots showing distribution curves for
P . .y ' . . the five plots of Estancia Palleros in 1935 and 1990. Frequen-
analysed against 1,2 npn—!ndependent soil variables, we cies are shown on a logarithmic scale. All curves start from
used a Bonferroni criterion to correct the threshold a0k 1, and have been separated for clarity. (—) plot a;
values for the acceptance of a significant association, (......) plot b; - —- —)plot ¢; (——-) plot d; (—) plot e
thus making the test of hypothesis more stringent (to (same symbol as plot a).
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Table 1. Shannon’s diversity indexH) and its exponential relatively high fertility as indicated by its high K/Na

diversity numberN), species richnes$) evennessg), and ratio, and a strongly argillic B-horizon that derives from
Gini’s coefficient of hierarchyG) for the five plots of Estancia its higher internal drainage) to plot a (a lightly alkaline
Palleros in 1935 (lower case) and 1990 (upper case). site located in a topographic depression with a shallower
Plot and year H N S E G A-horizon, relatively high sodium content and poor

a 1935 326 2614 39 067 0536 internal drainage; see Table 2). Thus, the secondary
b " 344 3123 43 073 0582 significant source of variation is basically associated
c 296 1935 31  0.62 0.504 with the level of profile development and internal drain-

d ' 3.23 2540 37 0.69 0.555 age of the dark prairie soils. The dramatic change in
2 1990 2363; g;gz ‘é:; %‘?g %géé species richness_ described in the previou.s section was
B " 389 4901 65 075 0.603 clearly reflected in the component analysis, where the
C 344 31.06 48 0.65 0.514 within-site floristic differences in time explained a larger

D 3.60 36.48 56  0.65 0512 proportion of the floristic variation than the differences

E 374 4217 60 070 0.557

between sites in space.

The first two axes of the correspondence analysis of
the frequency data explained 29.1 % and 21.7 % of the
creased ca. 50 % between 1935 and 1990, from a meanvariation in the quantitative data set, and were consid-
value of 38.6 species per plot (S#22.3) to a mean ered significant by the criteria of both the broken-stick

value of 57.0 species per plot (S#£2.8). In contrast, and thex? tests. In total agreement with the component
the evenness of the species abundance distribution re-analysis of the presence-absence data, the correspond-
mained constant at a mean value of 0.68 (S(E02). ence analysis detected primarily variation in time, and

From the point of view of their biological diversity, the  secondarily it also detected a spatial gradient from plot a
main change that has occurred during the last 55 yr, hasin one extreme to plot b in the other (in the correspond-
been a large increase in the number of species in the ence analysis, however, the Bonferroni-corrected corre-
native grassland, but no significant change has occurred lations between multivariate axes and soil variables
in the patterns of species dominance or in the distribution were, in all cases, higher than 0.05 and hence only very
of relative abundances within the grassland community. weakly significant). In short, for our data set the statisti-
cal relationship between the multivariate axes and time
Changes in species composition and soil variables was, in all cases, higher for the pres-
ence-absence component analysis than for the corre-
The first two axes of the principal component analy- spondence analysis with frequency data, indicating that
sis explained 32 % and 18 % of the variation in the data,
and were either above or very near the values derived
from the predictions of the broken-stick distribution
under the null hypothesis of random variation (29 % and
19 %, respectively, for axes 1 and 2). All other axes 1B
were well below the predictions of the random model,
and were hence considered ‘non-significant’ axes. Fur-
thermore, the first component was significantly related +
to time as a discrete factdf { 5 = 55.76;p < 0.0001), b. E

while the second component was significantly correlated ™ d "/'.
with the percentage of clay in the B-horizan=(0.86, g A —Fet—— "?C"
uncorrecteg = 0.0014; Bonferroni-correctgd= 0.016) @®© e ¢ 1 D
and more weakly related to other variables such as depth WA
of the A-horizon, pH, Na and K/Na (although the uncor- T
rectedr-values were significant for all these variables, /

the Bonferroni-corrected significances were slightly a ./

above the 0.05 threshold). That is, the Principal Compo-
nent Analysis of the presence-absence data produced a
first axis that highlights the floristic variation in time axis 1

and a second axis that emphasises floristic differences in Fig. 2. Principal Components Analysis of the presence-ab-
space (Fig. 2). The second axis clearly detected a soil gence data for the five plots belonging to 1935 (lower case)

gradient going from plot b (an acidic site located in an  and 1990 (upper case) samples. The arrows indicate temporal
elevated part of the plain with a deeper A-horizon, a trajectories for each plot.
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in this grassland site the analysis of floristic variation in In the group of species that remained common be-
simple terms of presence-absence data is more robustlytween 1935 and 1990 (group 4 in App. 1) five grasses:
associated to long-term change than the analysis of Paspalum notatupSetaria geniculatagAxonopus affinis
relative frequencies of the dominant species. Bothriochloa laguroidesnd Coelorhachis selloanare
Finally, using the species classification derived from still dominant, together with a weedy compositbévreu-
the multivariate axes, we classified and listed the species lia sarmentospathat appeared in the 1990 census.
that disappeared, decreased, increased or appeared in Most (64 %) of the 28 species that were absent or
the sampling plots during the 55-yr period (App. 1). rare in 1935 and are now common (group 5) are weeds
or low-palatability forbs belonging to category Ill. Only
five (18 %) of these immigrant species belong to the
Discussion Poaceae One of them is an introduced and cultivated
forage speciesL6lium multiflorun) and another is
Based on the description by Rosengurtt (1979) of Cynodon dactylonan aggressive invader characteristic
ecological, morphological and productivity traits of prai-  of overgrazed grasslands (Lorenzi 1991; Rios & Giménez
rie plants in Uruguay, the species in our study area can 1992). A similar trend was observed in the 15 species that
be classified into three simple categories: were absent in 1935 and are now present (but not abun-
| Palatable species: graminoids and herbs, presenting soft leaves dant): 80 % of these belong to the type-Iil category, and
throughout their life span and usually highly palatable. These only two of them (13 %) are grasses. Among these weedy
plants tend to decrease in their frequency of occurrence as grazing newcomers a variety of different morphologies is found,
Increases. ranging from rosette plants with below-ground storage

Il Species of intermediate palatability: Graminoids and herbs with L
fibrous leaves when old and with medium to low palatability. ~Organs and planophyllous leaves sudblzsptalia pilosel-

These plants tend initially to increase in their frequency of occur-  loides to shrubby species suchBeccharis trimera
rence as grazing pressure increases (although they may eventu- Some species remained throughout the period as

ally decrease in heavily overgrazed plots). P . . -
Il Weedy species: Herbaceous plants and shrubs, usually unpalat- good indicators of soil quality, and their presence was

able, inaccessible or toxic for herbivores. These are opportunistic |?-rge|y indep?ndent Qf the changes in species CqmpPSi'
species that generally colonise disturbed or heavily overgrazed tion through time, as indicated by the second ordination

sites. axis. Andropogon ternatysAristida muring Aristida

For the discussion of the results, Rosengurtt’s classi- venustula Desmanthus depressusnd Schizachyrium
fication was superimposed onto the results of the spicatum(all of them belonging to types | and II), were
multivariate analyses (App. 1). In the 1935 sample, 79 % common in 1935 and only remained in 1990 in plot b, a
of the recorded species were grasses. By 1999oteeae meadow with a well-developed soil, a deep A-horizon
had decreased to 48 % of the total species richness. Oneand comparatively high fertility. Another group of spe-
speciesRiptochaetium panicoidgsvhich was common cies only increased or appeared in this plot (see groups
in 1935 had completely disappeared by 1990. Twenty seven and eight of App. 1).
other species that were relatively rare in 1935 were ex- One group of specie?mbrosia tenuifolia Eleo-
tinct by 1990 (the second group in App. 1), 90 % of them charissp.,Eragrostis bahiensjsdydrocotylesp.,Rhyn-
belonging to th®oaceaeMost of the grasses that disap-  chospora luzuliformisindSpilanthes decumbensost
peared were native perennials withaespitose growth of them of type Ill) only appeared or increased in plot a,
form and high forage quality (categories | and Il). on slightly alkaline soil with a less-developed profile, a
Furthermore, the whole set of species that decreased more shallow A-horizon (25 cm) and the highest propor-
(the third group in App. 1) belongs to forage categories tion of interchangeable sodium. In contrast with the char-
I and Il, and is formed by graminoids and legumes with acteristic species of plot b, most of the plants that had a
a caespitose growth form. distinctive distribution in plot a were unpalatable weeds.

Table 2.Main soil attributes in each of the five plots, measured during the 1990 sampling. All values were measured in homogenized
samples from the A-horizon, except for ‘clay in B’ which refers to % clay in the B-horizon.

Plot Thickness Sand Loam Clay ClayinB Ca Mg Na K

(cm) (%) pH (meqg/100 g) K/Na
A 25 445 32.6 23.3 30.5 7.3 18.9 35 0.9 0.3 0.33
B 53 30.3 34.0 35.6 46.8 5.9 22.8 24 0.25 0.45 1.8
C 39 46.9 325 20.5 40.7 5.7 6.7 1.3 0.4 0.2 0.5
D 28 59.3 21.1 19.6 40.3 5.6 4.6 1.45 0.2 0.3 15
E 25 55.2 23.3 21.4 38.8 5.7 5.0 1.65 0.3 0.35 1.17
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Most of the species recorded, including a large pro- storage structures close to the ground. Their growth form
portion of the species that have colonized the area since may be rosettophyllous (eRjantago myosurgsshrubby
1935, are native to Uruguay. 86 % of the now wide- (e.g.Gamochaeta spicateor prostrate, in many cases
spread weedy invaders which were totally absent in with horizontal spread through stolons and rhizomes (e.g.
1935 are native to the region. These species include Richardia humistrataCyperussp.,Chevreulia sarmen-
herbaceous composites, sedges, umbellifers and plan-tosg. As pointed out by Diaz et al. (1992), these morpho-
tains of high dispersal capacity. Although there is no logical traits could be responses to the pressure of her-
information on their original habitat, we assume that bivores. Many of these plants can avoid herbivory through
these plants have evolved as opportunists growing in physical or chemical defences such as spiny, sclerophyl-
disturbed areas, and have become colonizers of grazedlous or fibrous tissues (e.Gryngium horriduny, or un-
pastures with the growing development of animal hus- palatable secondary compounBs¢charis coridifolig.
bandry in Uruguay. In strong contrast with the high number of exotic invaders

It should be noted that both the data for 1935 and for that have colonised the grasslands of the flooded Pampas
1990 were obtained in a single season and we do not (Sala et al. 1986; Facelli et al. 1988; Facelli 1988;
know whether these years were typical or atypical years. Chaneton & Facelli 1991; Rusch & Oesterheld 1997),
Thus, we have no means of differentiating within our most of the invading species found in Palleros are native
data set short-term variation from long-term trends. to the region.

From a biological viewpoint, however, the trend seems Although there were no exclosures established as
consistent, as most of the species that have changed incontrol plots in 1935 when this experiment was initi-
the plots are perennials and it does not seem likely that ated, the comparative results strongly suggest that a
their extinction or appearance could be attributed to large part of the floristic change observed is caused by
short-term trends. However, more detailed monitoring cattle grazing. The establishment of permanent plots
is necessary to confirm the preliminary trend described with exclosures is needed to evaluate whether the dete-
in this paper. Long-term monitoring sites are needed in rioration of these plots is reversible through a more
the Uruguayan grasslands, and we are in the process ofadequate management of the grazing regime. However,
establishing such a longer-term project to follow floristic  other mechanisms contributing to the strong floristic
change in the Palleros plots. change observed in Palleros cannot be discarded. Among
these, we can mention an increased taxonomic knowl-
edge which may have introduced formerly unidentified
Conclusions species into the 1990 sample, the possible existence of
long-term climatic trends, or the effect of landscape

Between 1935 and 1990 there has been a marked alterations linked to animal husbandry, agriculture, new
deterioration in the pasture quality of the Palleros grass- forms of land-use and transportation. In particular, a
land site: some palatable grasses have decreased oregional increase in transportation and in agriculture
disappeared and a large number of low-quality invaders may have contributed substantially to the dispersal of
has immigrated into the plots. The species-richness of weedy species into the pasture plots, further accentuat-
the plots has increased significantly, while the evenness ing the floristic changes induced by grazing.
of the species-abundance distribution has remained con-  Finally, it is important to remark that the temperate
stant. The newcomers are mostly unpalatable weeds, grasslands of Uruguay, Brazil and Argentina are one of
while the species that have decreased are mostly palat-the ecosystems in the region that have received little
able forage species. attention in terms of the establishment of protected

The most significant change observed was infloristic areas. Our data show that significant biological change
composition, as the guild of dominant species remained has been occurring in these ecosystems even in areas
relatively constant. A similar trend has been reported by that have been subject to a traditional, non-agricultural
other authors (e.g. Milchunas et al. 1988). Within the management. The protection of what remains of these
group of dominant species, the most abundant were grassland communities is of the highest importance.
prostrate species such &aspalum notatunand
Axonopus affinisThese are rhizomatose and stoloni-

ferous plants that can spread horizontally at ground ; _
. . . owners of the Estancia Palleros, and to manager Enrique
level, and thus avoid the effects Qf Intense grazing. Sanner, for making this study possible. We thank the late
Some palatable grasses have disappeared or decreaseghgsar Alvarez for his contribution in the field work. The help
and many low-quality forbs have immigrated or in-  in many ways of several colleagues, Julio Campo, Stella Grun,
creased their frequency in the plots. These plants belong Fabiana Pezzani, Daniel Panario and Claudia Rodriguez is
mostly to category lll, usually have a small leaf area and gratefully acknowledged.
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App. 1. List of species that changed significantly between 1935 and 1990, as inferred from their values on the multivariate axes. The
species have been classified according to their tendency to invade or disappear from the plots. The ‘family’ columnhiedicates t
taxonomic family, ‘life-cycle’ indicates whether the plant is annual or perennial, ‘type’ shows the forage quality of #we(kpeci
palatable, II: intermediate and Ill: unpalatable weed), and ‘origin’ indicates whether the species is native or alien.

Species Family Life-cycle Type  Origin Species Family Life-cycle Type  Origin
Species that were common in 1935 and became extinct by 1990 Plantago myosurus Plantaginacea@nnual ] native
Piptochaetium panicoides Poaceae perennial | native Relbunium richardianum Rubiaceae  perennial 1l native
Richardia humistrata Rubiaceae perennial 1] native
Species that were present in 1935 and became extinct by 1990 Richardia stellaris Rubiaceae perennial 1] native
Agrostis tandilensis Poaceae annual | native Scoparia montevidensis Scrophulariaceae perennial 1] native
Andropogon lateralis Poaceae perennial 1l native Apium leptophyllum Apiaceae annual 1] alien
Aristida pallens Poaceae perennial 1l native Eryngium horridum Apiaceae perennial 1] native
Calamagrostis viridiflavescens Poaceae perennial | native Glandularia selloi Verbenaceae perennial 1] native
Eragrostissp. Poaceae perennial 1l native Verbena litoralis Verbenaceae perennial 1] native
Eriochloa montevidensis Poaceae perennial | native
Eustachys bahiensis Poaceae perennial | native Species that were absent in 1935 and are now present
Leptocoryphium lanatum Poaceae perennial | native Aster squamatus Asteraceae  perennial 1] native
Panicum bergii Poaceae perennial 1l native Baccharis trimera Asteraceae  perennial 1] native
Panicumsp. Poaceae perennial | native Chaptalia piloselloides Asteraceae  perennial 1] native
Paspalum quadrifarium Poaceae perennial 1l native Chevreulia acuminata Asteraceae  perennial 1] native
Phalaris platensis Poaceae annual | native Conyza bonariensis Asteraceae  annual 1] native
Piptochaetium bicolor Poaceae perennial | native Soliva pterosperma Asteraceae  annual n native
Polypogon monspeliensis Poaceae annual 1] alien Vernoniasp. Asteraceae perennial 1] alien
Stipa nutanvar. quinqueciliata Poaceae perennial | native Evolvulus sericeus Convolvulaceaperennial 1] native
Stipa philippii Poaceae perennial | native Geranium albicans Geraniaceae perennial 1] native
Stipasp. Poaceae perennial | native Digitaria aequiglumis Poaceae annual | native
Tridens brasiliensis Poaceae perennial | native Schizachyrium tenerum Poaceae perennial 1l native
Sisyrinchunsp. Iridaceae annual 1] native Heimia salicifolia Lythraceae perennial 1] native
Margyricarpus pinnatus Rosaceae perennial n native Oxalissp. Oxalidaceae  perennial 1] native
Anagallis minima Primulaceae  annual n native
Species that decreased between 1935 and 1990 Gerardia communis Scrophulariaceaeannual n native
Aira caryophyllea Poaceae annual 1l native
Briza minor Poaceae annual | alien Common species in 1935 that now only remain in plot b
Chascolytrum subaristatum Poaceae perennial | native Andropogon ternatus Poaceae perennial | native
Eragrostis lugens Poaceae perennial 1] native Aristida murina Poaceae perennial 1l native
Eragrostis neesii Poaceae perennial 1] native Aristida venustula Poaceae perennial 1l native
Panicum milioides Poaceae perennial | native Schizachyrium spicatum Poaceae perennial 1l native
Panicum sabulorum Poaceae perennial | native Desmanthus depressus Fabaceae perennial 1l native
Paspalum plicatulum Poaceae perennial | native
Schizachyrium condensatum Poaceae perennial 1] native Species that only appeared or increased in plot b
Sporobolus indicus Poaceae perennial 1] native Aspilia setosa Asteraceae  perennial 1] native
Juncus imbricatus Juncaceae perennial 1] native Conyza blakei Asteraceae  perennial 1] native
Adesmia bicolor Fabaceae perennial | native Fimbristylis ovata Cyperaceae  perennial 1] native
Rhynchosia senna Fabaceae perennial | native Piptochaetium stipoidegar. purpurascens Poaceae perennial | native
Trifolium polymorphum Fabaceae perennial | native Stipa papposa Poaceae perennial 1l native
Stipa pauciciliata Poaceae perennial | native
Common species in both 1935 and 1990 Trachypogon montufari Poaceae perennial 1l native
Bulbostylis capillaris Cyperaceae annual 1] native Galactia marginalis Fabaceae perennial 1] native
Carex bonariensis Cyperaceae perennial n native Stylosanthes montevidensis Fabaceae perennial | native
Axonopus affinis Poaceae perennial | native Cliococca selaginoides Linaceae perennial 1l native
Axonopus suffultus Poaceae perennial | native Eryngium serra Apiaceae perennial 1] native
Bothriochloa laguroides Poaceae perennial 1] native
Coelorhachis selloana Poaceae perennial | native Species that only appeared or increased in plot a
Danthonia cirrata Poaceae perennial | native Ambrosia tenuifolia Asteraceae  perennial 1] native
Eleusine tristachya Poaceae perennial 1] native Hypochoerissp. Asteraceae perennial 1] native
Melica rigida Poaceae perennial 1] native Spilanthes decumbens Asteraceae perennial 1] native
Paspalum notatum Poaceae perennial | native Eleocharissp. Cyperaceae perennial 1] native
Setaria geniculata Poaceae perennial | native Rhynchospora luzuliformis Cyperaceae perennial 1l native
Setaria vaginata Poaceae perennial | native Eragrostis bahiensis Poaceae perennial 1l native
Stipa setigera Poaceae perennial | native Eragrostis retinens Poaceae perennial 1] native
Vulpia australis Poaceae annual 1] native Sisyrinchum platense Iridaceae perennial 1] native
Eryngium echinatum Apiaceae perennial n native Hydrocotylesp. Apiaceae perennial 1l native
Eryngium nudicaule Apiaceae perennial n native
Species that were absent or rare in 1935 and are now common
Pfaffia tuberosa Amaranthaceagerennial n native
Hypoxis decumbens Amaryllidaceaperennial 1] native
Baccharis coridifolia Asteraceae perennial n native
Chevreulia sarmentosa Asteraceae perennial n native
Facelis retusa Asteraceae  annual LI} native
Gamochaeta spicata Asteraceae  perennial n native
Dichondra microcalyx Convolvulaceag@erennial n native
Cyperussp. Cyperaceae perennial n native
Kyllinga odorata Cyperaceae  perennial 1] alien
Cynodon dactylon Poaceae perennial 1] alien
Lolium multiflorum Poaceae annual | alien
Paspalum dilatatum Poaceae perennial | native
Piptochaetium montevidensis Poaceae perennial 1] native
Sporobolus platensis Poaceae perennial 1] native
Herbertia lahuesspamoena Iridaceae perennial Il native
Sisyrinchum minus Iridaceae perennial n native
Juncus capillaceus Juncaceae  perennial n native
Scutellaria racemosa Lamiaceae  perennial n native
Cuphea glutinosa Lythraceae  perennial n native




