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ABSTRACT

This paper evaluates changes in the composition and structure of plant communities and plant functional
groups associated with the continuous presence of feral horses in mountain pampean grasslands in
Argentina in order to explore the potential effects of horse removal on vegetation restoration. Specific
and functional richness, diversity, evenness, spatial heterogeneity and above-ground biomass were
compared between areas subjected to ten years of intensive grazing by horses and exclosures of the same
age. Forbs, shrubs and rosettes were more abundant after ten years of grazing, while the spatial
heterogeneity of perennial grasses was higher in long-term grazed areas. Nevertheless, grasslands
showed good recovery after horse removal, with greater species diversity and evenness, higher abun-
dance of perennial grasses, greater above-ground biomass and lower percentages of exotic species. An
understanding of the effect of feral animals on plant communities will lead to the design of a strategy of

adaptive management and monitoring tools for measuring the condition of grasslands.

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

Grazing by large herbivores has an affect on grasslands (Dyer et al.,
1993). Direct effects include selective defoliation that results in
morphological and physiological alterations of plants and in the
reduction of their reproductive capacity and competitive ability.
Indirect effects include changes in soil characteristics, nutrient cycles
and soil water availability (Archer and Smeins, 1991; Sternberg et al.,
2000). Alterations in the distribution of plant species modify habitat
diversity (Adler and Lauenroth, 2000; Wang et al., 2002) that might
make an impact on the abundance and reproductive success of small
mammals, birds and insects (Milchunas et al., 1998; Hobbs, 2001;
Zalba and Cozzani, 2004), change interactions between coexisting
species (Vazquez and Simberloff, 2003) and modify
disturbance regimes, ecosystem resistance and resilience properties
(Prieur-Richard and Lavorel, 2000; Holmgren, 2002).

The effect of introduced herbivores on the composition and
structure of grasslands may vary, depending on the intensity and
frequency of grazing and the evolutionary relationship between
grasslands and grazers (Milchunas et al., 1988). Ecosystems that have
evolved under low grazing pressure, like most South American

Abbreviations: CV, Coefficient of variation; ETPP, Ernesto Tornquist Provincial
Park; NMDS, Non-parametric multidimensional scaling analysis.
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grasslands, are more vulnerable when they are overgrazed, compared
with those that included large hooved congregating mammals, like
bovids and sheep, in their evolutionary past (Milchunas et al., 1988;
Mack, 1989; Cingolani et al., 2005). Native herbivores differ from
domestic livestock and feral herbivores due to differences in their
spatial and temporal patterns of plant resource-use (Archer and
Smeins, 1991). Moreover, these alterations are more severe in the
case of feral herbivores since they are free-ranging and non-
managed, which differs from the typical situation of cattle ranching.
Most exotic herbivores are artificially maintained at high concen-
trations in limited areas where fences prevent their emigration when
the abundance of desirable forages decreases, resulting in the over-
grazing of preferred plants (Archer and Smeins, 1991; Holmgren,
2002). As a result, self-sustained perpetuation of unmanaged exotic
herbivore populations may result in ecological effects that are
different to those extensively studied for cattle and which could pose
serious concerns for the conservation of plant communities
(Huntly, 1991; Loucougaray et al., 2004).

The presence of feral horses and donkeys is a common manage-
ment problem in natural or semi-natural grasslands in many
countries (Duncan, 1987; Beever and Brussard, 2000a; Department of
the Environment and Heritage, 2004; Linklater et al, 2004;
Rheinhardt and Rheinhardt, 2004) and efforts for restoring the
structure and composition of affected communities are becoming
more and more common (Dobbie et al., 1993; Olson-Rutz et al., 1996a;
Bastian et al., 1999; Beever and Brussard, 2000b; Loucougaray et al.,
2004; Dawson et al.,, 2006). It is important to evaluate the effects of
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feral herbivores in wild-lands from this perspective and to assess the
reversibility of their impacts once they are removed. Some studies
have evaluated the effect of continuous intensive grazing by feral
horses on the species composition of natural grasslands (Duncan,
1987; Rogers, 1991) and there is evidence that the presence of feral
horses affects grass performance (Kristensen and Frangi, 1992; Loydi
and Zalba, 2009) as well as bird communities (Zalba and Cozzani,
2004) in mountain pampean grasslands in Argentina. However, as
far as we know, no previous study has considered the dynamics,
abundance and distribution of plant species following horse removal.

An understanding of the responses of vegetation to long-term,
continuous grazing and grazing cessation is critical in order to facil-
itate the management of mountain grasslands for both biological
conservation and sustainable use. Therefore, the objective of this
study was to evaluate the resulting changes in the composition and
structure of plant communities and plant functional groups associ-
ated with continuous grazing by feral horses in mountain pampean
grasslands and to explore the potential effects of vegetation resto-
ration after the removal of exotic ungulates. We evaluated the
composition (species richness and diversity), abundance and spatial
patterns of plant functional types (life forms and growth forms) and
the percentage cover of bare ground to clarify whether any changes
occur in the grassland in response to the contrasting grazing histories
and to improve the management of mountain pampean grasslands.
In order to do this the vegetation composition of mountain grasslands
was compared after ten years of intensive grazing (1993—2003), and
also with that in exclosures (1997—2003), in a nature reserve invaded
by feral horses.

2. Materials and methods
2.1. Study site description and grazing history

This study was carried out in the Ernesto Tornquist Provincial Park
(ETPP), established in 1942, one of the last relicts of pampean
grasslands in a relatively good state of conservation (Cabrera, 1976;
Bilenca and Minaro, 2004). ETPP is located in the Ventania moun-
tain range in the central Pampas region, between 38° 00’ and 38° 10/
S,and 61°45’ and 62° 08’ W. It has an area of ca. 6700 ha, and includes
some of the highest peaks in the region, reaching up to 1200 m.
Climate is temperate, with an average annual temperature of 14 °C
(Burgos, 1968). Average precipitation is 800 mm, falling mostly in
spring and autumn, with occasional snow-fall in the winter. The
mean air temperature was 13.5 °C and mean annual precipitation
686 mm, ranging from 583.5 (1995) to 1154 mm (2001), over the
period considered in this study (1993—2003). The region belongs to
the Southern District of the Pampas Phytogeographic Region, where
grass steppe is the dominant vegetation (Cabrera, 1976) and Stipa,
Piptochaetium, Festuca and Briza are among the most common grass
genera. There are also less frequent shrub communities dominated
mainly by Eupatorium buniifolium, Discaria longispina and Geoffroea
decorticans (Kristensen and Frangi, 1995; Long and Grassini, 1997).
In pre-hispanic times native herbivores in this region included
Pampas Deer (Ozotoceros bezoarticus) and Guanaco (Lama guanicoe).
The former became extinct in the region early in the 20th century,
while guanacos still remain but in extremely low numbers (Chébez,
1994). Cattle were introduced to the Pampas at the end of the 15th
century and were rapidly adopted by the Indians, becoming abun-
dant in the 18th century in some areas of the Pampas (Brailovsky and
Foguelman, 2006). Other exotic herbivores of medium size were
introduced to the area in the 19th century for hunting: Red deer
(Cervus elaphus) and Fallow deer (Dama dama). Nevertheless, the
main impact of exotic ungulates in the study area probably started
much later: in 1942 five horses were released in the reserve with the
aim of maintaining a “native” breed (caballos criollos). Since then, the

population has increased by 6% p.a. and horses have become the main
herbivore in the area, reaching a population of 700 horses. However,
the abundance of other exotic and native ungulates has decreased
due to predation, sickness, migration and competition with horses
and they have almost disappeared from the area (Scorolli, 2007).
During our sampling period horse densities ranged from
0.20 horses ha~! (1993) to 0.35 horses ha~! (2003) (Scorolli, 2007).

2.2. Sampling

All study areas were located on adjacent piedmont grasslands,
with 5—11% steepness of warmer, preferentially grazed, north-facing
slopes, characterized by shallow soils and occasional rocky outcrops.
Grazed areas included three valleys of 27, 23 and 18 ha under
continuous intensive grazing by free-ranging feral horses. The three
grazed areas were sampled in two sampling periods, the springs of
1993 and 2003. In 2003, two exclosure areas, where horses and
others ungulates were excluded by perimeter fences, were added to
the analysis. The exclosure areas were two sections, of 15 and 12 ha
respectively, of the first two previously described valleys that have
been protected from feral horses since the beginning of 1997. The
exclosure areas were not sampled in 1997, so the records obtained in
1993 were used as a reference of the state of the grassland condition,
as well as to evaluate 7 years of horse exclusion and 10 years of
continuous grazing treatments. In spring (late November—early
December) 1993 and 2003, 20 plots of 1 m?® were randomly
distributed each time in the study areas, and the frequency
(presence/absence) of each plant species present in each plot was
recorded. Species richness, Shannon’s diversity (Krebs, 2001) and
evenness (Pielou, 1975) were calculated for each study area in both
sampling periods.

Species with similar biological traits, such as growth form (erect
or prostrate) and life cycle (annual or perennial), that are notable for
their response to grazing (Vesk and Westoby, 2001) were grouped
together. The abundance of the resulting functional groups were
calculated from the frequency of each species recorded in the 20
randomly distributed plots (1 m?) in each study area for both
sampling periods. The corresponding coefficient of variation (CV) of
each functional group was calculated for each grazing treatment:
reference condition (grazed areas sampled in 1993), 10 years of
continuous grazing (grazed areas sampled in 2003) and 7 years of
horse exclusion (exclosure areas sampled in 2003) for both sampling
periods. The CV was used as an indicator of the changes in spatial
pattern for each functional group between grazing treatments (Sokal
and Braumann, 1980; Sternberg et al., 2000; Veen et al., 2008).

Above-ground grass and forb biomass was estimated at the end
of the rainy season in 2003 (spring) by drying and weighing the
herbaceous standing crop clipped from five 1 m? randomly distrib-
uted plots in each study area. The percentage of bare ground was
estimated in 20 plots (1 m?) randomly distributed in the exclosure
and grazed areas sampled in 2003 using the canopy-cover method of
Braun Blanquet (Mueller-Dombois and Ellenberg, 2003).

2.3. Data analysis

Patterns of variation in species composition in the studied areas
were analyzed using the non-parametric multidimensional scaling
test (NMDS) based on a matrix of Euclidean distance calculated from
the frequency of each plant species in each grazing treatment, in
which stress values were minimised. Species present in less than 5%
of the plots were excluded from the analysis in order to reduce the
influence of rare species (Legendre and Legendre, 1998; Legendre
and Gallagher, 2001). We performed a Mantel test to determine
whether the vegetation groups obtained from NMDS analysis were
significantly different. We undertook a Spearman correlation
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analysis between the NMDS results, the abundance of plant species
and the functional groups recorded in each grazing treatment to
evaluate whether the ordination-defined vegetation groups reflect
the differential response of plants to grazing by feral horses
(Legendre and Legendre, 1998).

Differences in species diversity and evenness, percentage of
exotic species and relative abundance of functional groups between
grazing treatments were analyzed by one-way analysis of variance
for a completely randomized design (Sokal and Rohlf, 1979). Data
were transformed to the square-root and means were then sepa-
rated using the Tukey test (Zar, 1996). Tests of significant differences
between the CVs calculated for the abundance of each functional
group recorded in 1993 and 2003 were carried out according to
Sokal and Braumann (1980). Differences in the percentage of bare
ground and in above-ground biomass of grass and forb vegetation
between grazed and ungrazed areas sampled in 2003 were assessed
using Student t-test for unequal samples (Zar, 1996).

3. Results
3.1. Changes in richness, diversity and abundance of exotic species

There was a negative effect of continuous feral horse grazing on
the species richness of mountain grasslands. Out of a total of 130
plant species that were recorded during this study, 57 species had
been recorded in 1993 in areas grazed by feral horses. In 2003, 53
species were detected in the grazed areas, whereas 67 species were
associated with ungrazed areas. Thirty species were only detected in
the exclosures and 10 species were exclusive to the grazed areas.
Species diversity, evenness and percentage of exotic species also
were associated with contrasting histories of grazing by feral horses
in these mountain grasslands. Significantly higher species diversity
(F25 = 5.8, p = 0.049) and evenness (F,5 = 5.5, p = 0.05) were
recorded for ungrazed areas in comparison with the grazed ones,
whereas the percentage of exotic species was significantly higher in
areas under long-term continuous grazing by feral horses (F> 5 = 6.4,
p = 0.042) (Table 1).

3.2. Changes in species composition

Three main clusters of vegetation samples became apparent on
the NMDS ordination in two-dimensional space, with a stress value
of 0.086 (Fig. 1). The three different vegetation clusters showed
relatively clear and significant separation (Mantel statistic = 0.989;
p < 0.0001) within the ordination space. The first axis separated the
ungrazed areas from the groups consisting of grazed areas sampled
in 1993 and 2003 and the second axis segregated the grazed groups
from each other (Fig. 1). The first group defined on axis 1 (ungrazed
areas) was positively correlated with the frequency of Piptochaetium
lejopodum (r = 0.733), Piptochaetium hackelii, Stipa juncoides
(r=0.733), Stipa neesiana (r = 0.764) and Stipa tenuis (r = 0.764); and
negatively correlated with Dichondra sericea (r = —0.822) and
Discaria americana (r = —0.886). The grazed areas sampled in 1993

Table 1

Mean species diversity (Shannon index), evenness (Pielou index) and percentage of
exotic species (+SE) in areas grazed by feral horses sampled in 1993 (N = 3) and in
2003 (N = 3) and in ungrazed areas (N = 2). Values followed by the same letter do
not significantly differ (p > 0.05) for each variable.

Grazed areas Grazed areas Ungrazed areas

(1993) (2003)
Diversity 27 +0.7b 29+03b 39+06a
Evenness 0.67 £ 0.06 b 0.60 + 0.05 b 0.85 +0.09 a
Exotic species (%) 141 +31b 16.7 £ 25a 127 £15b
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Fig. 1. Non-metric multidimensional scaling (NMDS) ordination of vegetation samples
from exclosure areas sampled in 2003 (EA-1 and EA-2) (A ), grazed areas sampled in
1993 (GA93-1, GA93-2 and GA93-3) (@) and grazed areas sampled in 2003 (GA03-1,
GAO03-2 and GA03-3) (O).

were associated with Margyricarpus pinnatus (r = 0.743) and Sida
physocalix (r = 0.866). Variables loaded onto axis 2 and correlated
with grazed areas sampled in 2003 were the abundances of Briza
subaristata (r = —0.741), Daucus pusillus (r = —0.830), Echium
plantagineum (r = —0.784), Mimosa rocae (r = —0.892), Modiola
caroliniana (r = —0.722), Plantago lanceolata (r = —0.741), Plantago
patagonica(r = —0.732), Plantago myosurus (r = —0.889), and
Piptochaetium napostaense (r = —0.822). Analysis of the correlation
between the two NMDS axes and the abundance of functional
groups revealed highly significant and positive correlations of
grasses and graminoids and perennial tussock grasses with axis 1
and axis 2, but they were negatively correlated with rosettes and
shrub species (Table 2).

3.3. Changes in functional groups and species abundances

The classification obtained using growth form and life cycle
attributes of all the species recorded resulted in seven functional
groups being defined: grasses and graminoids (including annual
and rhizomatous perennial grasses and other monocotyledonous
species), perennial tussock (caespitose) grasses, perennial forbs,
annual forbs, shrubs and rosettes. After ten years of continuous
grazing, the relative importance of the different plant functional
groups had been modified. The abundance of annual forbs, shrubs
and rosettes showed a significant increase (p < 0.05), while grasses
and graminoids, and tall perennial grasses showed a decline (Fig. 2).
The frequency of grasses and graminoids and tall perennial grass
groups was significantly higher (p < 0.05) in the exclosures than in
both groups of grazed areas. The frequency of shrubs, rosettes and
annual forbs was significantly lower in the exclosures than in the
grazed areas sampled in 2003, whereas no differences were seen in
the same areas sampled in 1993. The abundance of perennial forbs

Table 2

Spearman correlation coefficients between the relative abundance of each
functional group and the first two axes of no parametric multidimensional scaling
test (NMDS). Bold typing indicates significant correlations (p < 0.05).

Functional groups Axis 1 Axis 2

Grasses and graminoids 0.580 0.010
Perennial tussock grasses 0.819 0.057
Shrubs 0.024 —0.730
Rosettes 0.008 —0.850
Perennial forbs 0.057 0.444
Annual forbs 0.046 0413
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does not seem to have been affected by the different grazing
histories (Fig. 2).

The spatial patterns of the functional groups were also modified.
The spatial heterogeneity of grasses significantly increased and this
was particularly evident when comparing perennial grasses sampled
in 1993 and 2003 in the grazed areas. On the contrary, shrubs and
perennial and annual forbs showed less spatial heterogeneity in the
later samples (p < 0.05). Ungrazed areas showed lower values in the
spatial heterogeneity of grasses, whereas rosette growth forms and
annual forbs were more heterogeneous than in grazed areas (Table 3).

3.4. Above-ground biomass and soil cover associated with
contrasting grazing histories

The above-ground biomass measured in the exclosures was
significantly higher than those measured in grazed areas (t = 5.55,
p = 0.005). The effect of grazing history differed among forbs, grasses
and graminoid species. Under exclosure conditions, accumulated
grass biomass was eight times greater than forb biomass (t = 9.97,
p < 0.001). In contrast, grazed areas showed that forb biomass was
twice as great as for grasses (t = 5.05, p < 0.001) (Table 4). The
percentage cover of bare ground was almost 30% greater in grazed
areas than in ungrazed grasslands (t = 8.5, p = 0.001) (Table 4).

4. Discussion

Our results reflect significant changes in mountain grasslands
associated with the history of grazing by feral horses. The contin-
uous presence of feral horses was associated with alterations in the
composition of species and functional groups, and with a reduction
in plant diversity and evenness, as has been reported for prairies
affected by domestic livestock (van de Koppel et al., 2002; Bullock
et al, 2001; Hobbs, 2001). We also documented a significant
recovery of grassland structure and an increase in species richness
after seven years of horse exclusion. In contrast with our findings,
Fahnestock and Detling (1999) found that the number of plant
species was lower in exclosed areas than in other areas grazed by
feral horses in midwest North American grasslands. In Rio de la Plata
grasslands (sensu Soriano, 1991), the results reported by Sala et al.
(1986), Hongo et al. (1995), Rodriguez et al. (2003), Altesor et al.
(2005) and Sternberg et al. (2000) contrast with ours in reporting
higher species diversity and evenness in grazed ecosystems than in
those excluded from grazers. These differences might correspond to
variations in the intensity and persistence of grazing and in the type
of herbivores. Horses exhibit grazing behaviour markedly different
from that of domestic livestock which were the herbivores present
in most of the studies on grazing effects in natural grasslands
(Rook et al., 2004). There are important differences in the impacts of
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Fig. 2. Frequency (%) of grasses and graminoids (G), perennial tussock grasses (PG),
shrubs (S), rosettes (R), annual forbs (AF) and perennial forbs (PF) in grazed areas
sampled in 1993 (GA-93) and in 2003 (GA-03) and in exclosure areas (EA-03). Columns
with the same letter do not significantly differ (p > 0.05).

Table 3

Coefficient of variation (CV) of the relative abundance of grasses and graminoids (G),
perennial tussock grasses (PG), shrubs (S), rosettes (R), annual forbs (AF) and
perennial forbs (PF) in grazed areas sampled in 1993 (GA-93) (N = 3) and in 2003
(GA-03) (N = 3) and in exclosure areas (EA-03) (N = 2). Numbers in bold indicate
significant differences between surveys (p < 0.05).

GA-93 GA-03 t P EA-03 t P
G 16.7 294 171 0.003 5.6 255 0.001
PG 39.7 91.3 39.6 0.000 8.9 84 0.013
S 43.2 215 173 0.003 96.8 39 0.080
R 15.4 10.2 33 0.080 90.0 4.7 0.042
AF 49.1 21.7 9.5 0.010 23.0 7.7 0.016
PF 17.3 4.3 571 0.000 47.8 3.5 0.071

t: statistical index value.
P: probability value.

different grazing animal species on grazed communities. Cattle are
more selective about the plant parts or species that they consume,
while horses have an excellent ability to utilize herbage of variable
quality with high fiber content and they are well-adapted to grazing
a range of plant species and pasture types (Gudmundsson and
Dyrmundsson, 1994). Moreover, feral horses are not managed in
a way that would reduce the grazing impact whereas the grazing of
domestic livestock is usually controlled in order to maintain the load
capacity below that which would cause deterioration of the grass-
land. When the resistance threshold of grassland is exceeded, the
diversity declines rapidly as mortality due to grazing becomes
a greater force than competitive interactions in shaping the
composition of the plant community (Milchunas et al., 1988). This
process results in higher diversity at relatively low grazing inten-
sities, but in plant communities with a short evolutionary grazing
history, such as the Argentine pampas grasslands, the response of
competitors in the herbaceous canopy to the removal of above-
ground biomass dominated by grasses might create an increase in
species that are usually subordinated, such as alien or opportunistic
plants that displace the dominant vegetation.

The percentage of exotic plant species in our study area increased
after ten years of continuous grazing and decreased in the areas
closed to feral horses. Resource-use patterns and competition
intensity are determinants of community invasibility (Levine and
D’Antonio, 1999; Davis et al., 2000). This has lead to the assump-
tion that richer, more diverse communities may be less subjected to
invasion because they offer fewer empty niches for the establish-
ment of exotic plants and use resources more completely than poor
or less diverse communities (Tilman, 1997; Shea and Chesson,
2002). In our case, grazing by feral horses might have prevented
the competitive exclusion of alien plants by perennial grasses,
decreasing community resistance, as proposed by Wardle (2001).
Long-term grazing also resulted in an increase in the abundance of
some invasive alien plants. E. plantagineum, an aggressive alien toxic
weed (Grigulis et al., 2001; Nordblom et al., 2002), which was not
recorded in 1993, was present in 50% of the grazed and 15% of the
ungrazed plots in 2003. Invasion by exotic species could, in turn,
disrupt competitive interactions and reduce the availability of
appropriate micro-sites for the establishment of native seedlings,

Table 4

Total grasses and forbs above-ground biomass (g) and percentage of bare ground (%)
in grazed (N = 3) and ungrazed areas (N = 2) sampled in 2003. Values followed by
the same letter do not significantly differ (p > 0.05) for each variable.

Grazed areas Ungrazed areas

Total Biomass (g) 107.6 + 16.0b 287.0 £ 25.7a
Grasses (g) 33.6 + 7.8b 245.8 £+ 33.0a
Forbs (g) 74.0 + 5.3a 41.2 £ 9.5b
Bare ground (%) 32,4 + 6.7a 4,0+ 1.2b
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which could lead to a positive feedback with the direct effects of
grazing and trampling by feral horses. Whichever process was
involved, it is an important lesson for management to note that
these alien plants have spread in the grazed areas and even into
exclosures in a good state of conservation in less than ten years,
highlighting the pervasive effects of the interaction between exotic
herbivores and exotic plants.

The abundance of plants with avoidance-of-grazing or tolerance-
to-grazing strategies increased after ten years of continuous grazing
by horses, whereas perennial grasses and palatable forbs were
favored under feral horse exclosure. The observed changes in the
abundance of functional groups after ten years of continuous horse
grazing in ETPP clearly shows the loss of perennial grasses
(Piptochaetium and Stipa spp.) and the increase of shrubs (M. rocae)
and prostrate and rosette plants (i.e. M. caroliniana and Plantago spp.).
Unpalatable (B. subaristata;, Cabrera, 1967) and grazing tolerant
grasses (P. napostaense; Loreti et al., 2001) replaced grasses that are
preferred by horses. This response is in line with many other studies
showing the reduction of palatable grasses and an increase of
unpalatable plants, mostly forbs and shrubs (Altesor et al., 1998;
Fahnestock and Detling, 1999; Chaneton et al., 2002; Rodriguez
et al, 2003), and also an increase in the encroachment of woody
plants, as a direct consequence of overgrazing by domestic herbivores
(Brown and Archer, 1989; O’Connor, 1995; de Villalobos et al., 2005).

The exclusion of feral horses in ETPP resulted in a reversion of the
described patterns of species and functional groups dominance in
our study site. After seven years of feral horse exclusion in the ETPP
grasslands, grasses that are typical of pristine communities, e.g. Stipa
spp. and Piptochaetium spp. (Prieto, 2000), became abundant again
and the abundance of annual forbs also increased. The recovery of
grasslands after the exclusion of feral horses was very notable when
the above-ground herbaceous biomass and the percentage of bare
soil between ungrazed and grazed areas was analyzed. This recu-
peration is consistent with similar results described for other
grasslands formerly affected by domestic herbivores (Noy-Meir et al.,
1989; Olson-Rutz et al., 1996b; Fahnestock and Detling, 1999; Todd
and Hoffman, 1999; Sternberg et al., 2000).

Grazing by feral horses in our study site was also associated with
a change in the spatial pattern of the vegetation that reverted after
horse exclusion. The particularly high CV of perennial grass abun-
dance in grazed areas in our study site was probably due to their
vulnerability to defoliation by feral horses, resulting in a patchy
distribution that could eventually result in the total exclusion of
this group. Complementary to this, the decrease in the heteroge-
neity of forbs, shrubs and rosettes in the continuously, intensively
grazed areas could be taken as a sign of their spatial dominance. On
the contrary, the exclusion of feral horses for seven years reduced
the spatial heterogeneity of grasses and graminoids and perennial
tussocks, while increasing the CVs calculated for rosettes species. It
is known that perennial grasses are usually able to close the
vegetation matrix after herbivore exclusion, displacing species that
are less competitive for light such as rosettes plants (Sternberg
et al., 2000). This recovery of the spatial pattern of vegetation is
a valuable sign of restoration, considering, for instance, the
importance of vegetation structure for grassland birds nesting in
the area (Zalba and Cozzani, 2004).

Grassland dynamics critically depends on the activity of grazing
animals. Grazing in ETPP is starred by feral, unmanaged horses,
which have never been under any rotation cycles and whose
densities have reached unusually high levels compared with the
original grazing scenarios (Prieto, 2000). Nevertheless, our findings
indicate that: 1- feral horses are responsible for severe changes in
the composition and structure of grassland communities; 2- the
relative abundances and spatial patterns of functional groups are
variables that are sensitive to grazing history and easy to measure,

which could be used as indicators of grassland condition; and 3- the
effect of grazing by feral horses promotes an increase in the
abundance of invasive alien plants that might colonize areas in
the vicinity, even if they are free of horses.

Conclusions from studies on the effect of domestic livestock on
grasslands should not be applied uncritically for situations with
feral animals. An understanding of the local effect of feral animals
on plant communities and a strategy of adaptive management,
including active monitoring actions, are the best alternatives for
accompanying the control of feral ungulates.
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