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ABSTRACT

Livestock grazing has a significant impact on natural grasslands, with approximately one-third of the world’s land
area dedicated to this industry. Around 20% of global grasslands are highly degraded due to overgrazing, affecting
their productivity and conservation capacity. Best practices are required to ensure sustainable livestock produc-
tion that supports biodiversity. The Intermediate Disturbance Hypothesis (IDH) suggests that environments with
moderate levels of disturbance exhibit a higher species diversity. Moderate grazing can reduce the dominance of
certain species, thereby enhancing plant diversity. However, concerns arise regarding the increase of exotic and
unpalatable species under moderate grazing levels, complicating grassland conservation efforts. The impact of
livestock grazing on the functional structure of grasslands depends on factors such as grazing intensity, livestock
species, and environmental conditions. Variations in grazing intensity may increase specific and functional diver-
sity under moderate grazing, potentially masking the presence of invasive exotic species. In the Austral Pampas
(Pampean phytogeographic province, Buenos Aires, Argentina), grasslands face various pressures from domestic
livestock grazing that endanger their integrity if not properly managed. Therefore, our study aims to investigate
potential differences in species richness and diversity, functional diversity, exotic plant abundance, and the num-
ber and distribution of plant functional groups across varying grazing intensities. The IDH is utilized as a tool to
regulate livestock pressure for grassland conservation. Species and functional diversity indices were used to assess
the impact of grazing on grassland diversity. Moderate grazing increased species and functional diversity, while
intensively grazed or ungrazed areas showed reduced diversity. Livestock presence influenced the balance between
native and exotic plants, with ungrazed areas having higher native plant abundance and grazed areas exhibiting
higher exotic plant abundance. Grazing also influenced the composition of functional groups, with grazing-avoid-
ing species being more prevalent in heavily grazed areas. Principal Component Analysis revealed a clear associa-
tion between vegetation composition and livestock grazing intensity. These findings offer valuable insights into
effectively managing grazing intensity for biodiversity conservation purposes.
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1 Introduction

Livestock farming, as the predominant global land use activity, has a significant impact on natural
grasslands, with approximately one-third of the world’s land dedicated to this industry [1]. According to
[2], about 20% of the world’s grasslands are highly degraded, with overgrazing generally being the most
significant factor in this degradation [3–6]. Therefore, it is necessary to recognize best practices to
enhance livestock farming efficiency and develop a sustainable livestock production system that supports
biodiversity. Maintaining stability in this system is a significant challenge that requires careful
consideration and strategic planning [2,5].

Connecting ecological theories of species diversity to land use has emerged as a research line and
management priority, focused on enhancing species diversity and promoting the sustainable utilization of
natural systems [7]. The Intermediate Disturbance Hypothesis (IDH) is one of the key theories used in
ecosystem diversity studies. This theory predicts that the highest species diversity should be observed in
environments with moderate disturbance levels [8,9]. The extensive management of grasslands,
particularly through grazing practices, is in line with this established ecological concept [10]. Under this
theoretical framework, it is assumed that there is potential to generate sustainable livestock production
that supports a diverse array of plant species through adequate management of the pastoral systems
[11,12]. The explanation is grounded in the idea that disturbances such as livestock grazing can decrease
the relative abundance of dominant species, favoring those plants capable of either avoiding or tolerating
grazing. These plants are typically found in lightly grazed or ungrazed systems, but in low abundance
[4,11]. Reduced grazing levels may result in low diversity due to competitive exclusion and the
dominance of long-lived species, such as perennial tussock grasses, while excessive grazing can eliminate
palatable species that are unable to recolonize and grow quickly [4,13]. Therefore, livestock grazing acts
as a selective disturbance that reduces interspecific competition [14] and enhances species traits
associated with strategies for resisting herbivory, with the extent of enhancement depending on grazing
intensity [15–17]. However, there is a concern that moderate disturbance intensities may lead to an
increase in plant diversity values due to the higher abundance of exotic and invasive plants [17].
Consequently, disturbances may simultaneously facilitate invasions by weedy plant species [18] and
plants that exhibit avoiding-grazing or tolerant-grazing attributes [16]. It becomes a challenge to achieve
a balance between preserving species diversity and rangeland management if higher species diversity at
intermediate disturbance levels is maintained by the coexistence of grassy perennial species with weedy
annual species, usually exotic plants, that often have little forage value [19].

It is important to clarify that the IDH does not always predict the response of grassland plant diversity to
livestock grazing accurately. Many authors discuss these controversial results [20,21]. Other factors may
explain these anomalies, such as environmental conditions, plant responses to grazing intensity along
climatic gradients, and the evolutionary history of grazing [22]. Another aspect that is not always
contemplated in the IDH is the effect of livestock grazing on the functional structure of grassland
ecosystems. This impact depends on factors such as grazing intensity, livestock type, and environmental
conditions [4,23]. The evolutionary history of large herbivore grazing also influences ecosystem
properties and processes [22,24]. Grazing by domestic livestock at different intensities selectively alters
grassland functioning, thereby influencing its structure. These impacts are assessed by functional diversity
and redundancy indices [25]. These indices have the potential to unveil the processes that shape plant
communities through their response to different disturbances, such as varying intensities of livestock
grazing [26]. Functional diversity encompasses the quantity, type, and distribution of functions carried out
by plants within a natural system. It can be expressed as the proportion of functional groups present in
relation to the total abundance of all functional groups recorded in the system [27]. On the other hand,
functional redundancy is determined by the ratio between species richness and the number of functions
within an assemblage unit, such as a plant community [28]. High values of these indices in both cases
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indicate increased stability and resilience of the systems against disturbances [29]. Therefore, in order to
assess the impact of domestic livestock grazing intensity on natural grassland diversity, it is essential to
evaluate both species and functional diversity.

The undesirable effects of domestic livestock grazing intensity variations on natural grasslands may be
masked by increased levels of specific and functional diversity under moderate grazing intensities, as
predicted by the IDH [30]. This could obscure the presence of invasive exotic plants or species with low
forage quality. Thus, a comprehensive assessment of the structural and functional attributes of natural
grasslands in relation to livestock grazing intensity should include quantifying the abundance of exotic
species and categorizing species into functional groups based on attributes that respond to grazing
impacts [31].

The Pampean phytogeographic province comprises the main temperate grassland ecosystems in South
America [32]. It is distributed mainly in Buenos Aires, Argentina. This area is renowned for its exceptional
fertility as one of Central Argentina’s most productive natural grasslands. Livestock farming is a key
economic activity, especially in the southeastern part of this province (Austral district), leading to a long-
standing tradition of continuous grazing that dates back to the 19th century. The history of grazing in this
area is characterized by significant levels of intensity [33]. Studies have shown that sustained livestock
presence can induce alterations in both the specific composition and functional structure of the natural
grasslands in the Austral Pampas [34,35]. To preserve the productivity of these grasslands, it is crucial to
gain a comprehensive understanding of the impacts of livestock grazing on ecosystems, as well as its
effects on various response variables, especially when considering moderate grazing intensity as a
conservation management strategy [36]. Therefore, it is valuable research work for the investigation of
potential differences in species richness and diversity, functional diversity, exotic plant abundance, and
the number and distribution of plant functional groups across varying grazing intensities. Particularly
within the context of utilizing IDH as a tool to regulate livestock pressure for the conservation of natural
grasslands. Therefore, in order to elucidate these aspects and their relationship with grazing intensity, we
propose the following study hypotheses: (1) Specific and functional diversity is higher in grasslands
subject to moderate grazing intensity compared to intensively grazed or ungrazed areas with domestic
livestock; (2) Exotic species abundance is lower in pastures with moderate grazing compared to
intensively grazed grasslands; and (3) Functional groups linked to grazing avoidance and tolerance
strategies are more prevalent in intensively grazed grasslands than in those grazed moderately or without
domestic livestock.

2 Materials and Methods

2.1 Study Area
This study was carried out in the natural grasslands of the foothills of Ventania mountains (Southwest of

Buenos Aires, Argentina). Ventania consists of a series of parallel low peaks ranging from approximately
300 to 1200 meters above sea level. This mountain chain extends over 150 km long and 40 km wide.
The area is considered a sky island in the southwest of Buenos Aires province, characterized by natural
grassland adapted to rocky soils surrounded by plains [37]. Ventania is part of the Austral District or
Austral Pampas (Pampean biogeographic province). The climate is temperate and oceanic. Annual mean
temperature is 14°C and precipitation varies between 600 and 800 mm, from southwest to northeast, most
of it occurring during spring and autumn, and occasional snowfalls in winter [38,39]. The area has a high
percentage of endemic and native species. The predominant vegetation are perennial tussock grasses,
particularly species of Nasella E.Desv. and Piptochaetium J.Presl., and the dominant woody species are
shrubs, such as Discaria americana Gillies & Hook. and Acanthostyles buniifolius (Hook. & Arn.) R.M.
King & H. Rob [40,41]. The native herbivores, including the Pampas Deer (Ozotoceros bezoarticus L.)
and Guanaco (Lama guanicoe Müller), which have historically inhabited the Pampean grasslands since
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prehistoric times, are currently found in low numbers or have become extinct [29]. In contrast, domestic
livestock, primarily cattle (Bos Taurus L.) and horses (Equus caballus L.), became abundant in the 19th
century and are now the principal herbivores in the area [42].

2.2 Experimental Design and Sampling Methods
We selected the following three sampling areas: Ernesto Tornquist Provincial Park (ETPP) (38°03′00″S

62°02′00″W), created in 1942, covering approximately 6700 hectares, primarily grazed by feral horses and
cows; Sierras Grandes Protected Natural Area (SGAP) (38°10′14″S 61°54′06″W), created in 2013, with
2300 hectares, grazed by domestic livestock (cows and domestic horses); and finally, the lower part of
Ceferino Hill (CHPG) with approx. 650 ha (38°07′36″S 61°47′20″W), devoid of domestic livestock
presence over the last 20 years. These three areas encompass sections of the western mountain chain
within Ventania. ETPP is separated 25 km from SGAP and Ceferino Hill. The latter two are 5 km apart.
The sampling areas did not differ in their topographic, edaphic, or climatic aspects [38]. According to
local records, they also did not show differences in annual rainfall and mean temperature records during
the sampling period (Table S1).

Within the areas mentioned above, we established six site locations of 4 hectares each as replicates of
each sampling site: two grasslands intensively grazed by unmanaged livestock (feral horses and cattle;
0.4 livestock units per hectare (UG)) located in ETPP, two grasslands moderately grazed by managed
domestic livestock in SGAP (0.2 livestock units per hectare (UG)), and two grasslands excluded from
domestic livestock grazing in CHPG, both as a control treatment. The site locations were not situated
close to waterholes or other sources of water where cattle visits were more frequent, in order to avoid
bias in grazing intensity between site replicas and grazing intensity treatments. In each site, we randomly
distributed 20 plots (1 m2) from early spring to fall 2018. The plots were separated from each other by
about 10 m to ensure that the experimental plots are independent and interspersed across each of the
experimental areas [43]. The vegetation present in each experimental plot was sampled during spring and
summer. A cover for each identified species was recorded using the Braun-Blanquet scale, and the ordinal
classes obtained were transformed into average percentage covers for each class. Species with less than
5% cover were excluded from the analyses [44]. Species taxonomy and nomenclature were standardized
according to [45]. Simultaneously, the percentage of bare soil (without standing vegetation) was recorded
in each plot. The percentages of native and exotic plants, as well as the native-to-exotic ratio, were also
calculated for each of the plots.

We classified all identified species into five functional groups, following the criteria of [46], based on their
response to grazing: 1. Avoidance: characterized by the presence of thorns, toxic secondary compounds, and
unpalatable traits (such as silica deposition in leaves, high C/N ratio, prostrate or rosette growth). 2. Tolerants:
exhibiting regrowth strategies after grazing, presence of stolons or underground buds, with rhizomes,
and active central tussocks in the case of bunchgrass species. 3. Sensitives: unable to tolerate or avoid
grazing, highly palatable and frequently consumed, with a low C/N ratio. 4. Favored: directly or indirectly
benefiting from grazing, seed dispersal mechanisms (endo-and exozoochory), dormant seeds that are
scarified by the digestive tract of grazers, or benefiting from reduced competition from palatable species. 5.
Neutral: apparently not exhibiting a clear strategy that is favored or disfavored by grazing.

The necessary information for each of the recorded species was obtained through bibliographic research
and web surveys. The compositional structure of each site was characterized by means of species richness,
Shannon’s diversity index [44], and the uniformity index [47]. The impact of grazing on grassland diversity
was assessed using species and functional diversity indices [48]. Functional diversity was determined by
the total number of species within each functional group, while functional redundancy was determined by
the similarity of functions among species in the plant community. These indices were calculated using the
F-Diversity software [49].
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2.3 Statistical Analysis
Differences in species richness, diversity (Shannon index), and uniformity (Pielou index), as well as

functional diversity and redundancy, were analyzed using a two-way analysis of variance with a
completely randomized design. The factors considered in the analysis were grazing intensity (intense
grazing, moderate grazing, and exclusion from domestic livestock) and the location of sampling sites
(two locations for each grazing intensity treatment). Following the analysis of variance, Tukey tests were
employed to identify significantly different means [50]. The same analysis was conducted to distinguish
between the percentage of bare soil, exotic plant percentage, native plant percentage, and the ratio of
exotic to native plants among areas with varying grazing intensities. All data were previously square root
transformed to improve normality and homoscedasticity. The figures and tables present the results with
raw data.

The proportion of each functional group, categorizing plant species based on their response to grazing
livestock, was compared within each of the three types of grazing intensity using a simple analysis of
variance with a completely randomized design, and means were compared using a Tukey test [50]. Data
were transformed using the arcsine square root transformation.

The variation in species composition across grasslands with varying grazing intensities was assessed
using Principal Component Analysis (PCA) with the Vegan package in RStudio [51], employing a
correlation matrix [52]. Data were transformed using the arccosine of the square root to rectify Euclidean
distance distortion in spatial representation. Plant species occurring in less than 5% of total plots were
excluded. Species significantly correlated (p < 0.05) with at least one principal component were
considered as explanatory variables for PCA outcomes [53]. To determine if the ordination of plant
species could be explained by differential response to domestic livestock grazing intensity, a Pearson’s
correlation test was conducted between ordination outcomes and the abundance of plant functional groups.

3 Results

The species composition and functional structure of Austral Pampas grasslands were influenced by the
intensity of livestock grazing, regardless of site locations. There were no differences between sampling sites
with the same grazing intensity (site location), and no significant interaction between grazing intensity and
site location was observed for any of the parameters examined (Table S2). The lack of significant interactions
indicated the independence of these factors from each other and from the site location. Therefore, all
experimental plots were considered independent and treated as replicates for the intensity analysis [40].

Species diversity, uniformity, and functional richness were significantly higher in the moderately grazed
grasslands (F = 3.11, p < 0.05; F = 7.9, p < 0.005; and F = 7.2, p < 0.005, respectively) (Fig. 1). Conversely,
functional redundancy was significantly greater (F = 7.1, p < 0.005) in the grasslands without domestic
livestock than in the grasslands intensively grazed (Fig. 2). No differences in species richness were
observed across grasslands with varying grazing intensities (F = 1.2, p > 0.20). Native plants were more
abundant (F = 5.4, p < 0.05) in grasslands without domestic livestock, while higher abundances of exotic
plants were found in grasslands with heavy and moderate grazing (F = 4.4, p < 0.05 and F = 7.4,
p < 0.005, respectively) (Fig. 1). As anticipated, the ratio of native to exotic plants was higher
(F = 12.6, p < 0.001) in the grasslands without domestic livestock (Fig. 1). Additionally, the percentage
of bare soil was higher (F = 17.01, p < 0.0005) in intensively grazed grasslands (Fig. 2).

We recorded a total of 143 plant species. All recorded species were classified in five functional groups
defined by their response to grazing: avoidance (54 species), tolerant (18 species), sensitive (33 species),
favored (18 species) and neutral (20 species) (Table S3). Grazing intensity significantly affected the
relative abundance of functional groups. In both grasslands, intensively and moderately grazed by
livestock, there was a higher proportion of grazing-avoiding species (F = 12.3, p < 0.005 and F = 9.3,
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p < 0.001, respectively), represented by herbaceous plants with prostrate growth, rosettes, spines, or with the
presence of toxic secondary compounds or unpalatable to livestock (Fig. 3). Conversely, in livestock-free
grasslands, a higher proportion of grazing-sensitive species (F = 10.9, p < 0.005) was recorded, mostly
represented by palatable perennial grasses (Fig. 3).

Principal Component Analysis revealed a pattern of variation in the vegetation samples from the study
sites consistent with the intensity of livestock grazing. The first two principal components accounted for 70%
of the total variance of the samples ordered based on species abundance. The first component (PC1) (47% of
the variance) separated the samples into two groups based on the presence of domestic livestock, while

Figure 1: Average (±SE) of species richness expressed as the number of species, exotic and native plant
species (%), bare soil (%), and the native-to-exotic ratio in the sampling areas excluded from domestic
livestock grazing (exc), moderately grazed (mg), and intensively grazed by domestic livestock (ig).
Columns with different letters are significantly different (p < 0.05)

Figure 2: Average (±SE) of the functional redundancy, functional diversity, uniformity, and species
diversity indices in the sampling areas excluded from domestic livestock grazing (exc), moderately grazed
(mg), and intensively grazed by domestic livestock (ig). Columns with different letters are significantly
different (p < 0.05)
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ordination on the second component (PC2) (23% of the variance) allowed discrimination between heavily
grazed grasslands and those with moderate grazing (Fig. 4). Samples from areas closed to domestic
livestock grazing formed a group characterized by higher abundances of Piptochaetium hackelii
(Arechav.) Parodi, Nassella neesiana (Trin. & Rupr.) Barkworth, Lathyrus tomentosus Lam., and
Baccharis artemisioides Hook. & Arn., with significant positive correlations with PC1 and PC2. At the
negative end of PC1, plots from sites with intense domestic livestock grazing were associated with a high
cover of Echium plantagineum L., Discaria americana Gillies & Hook., Chaptalia integerrima (Vell.)
Burkart and Dichondra sericea Sw. with negative correlations with PC2; while moderately grazed
grasslands were significantly associated with Mimosa rocae Lorentz & Niederl., Conium maculatum L.,
and Carduus pycnocephalus L., with positive correlations with PC2 (Fig. 4 and Table S4).

Significant correlations (r = 0.33, p < 0.05) were found between the group of species sensitive to grazing
with PC1 and PC2, associating this group with grasslands without domestic livestock. In contrast, species
groups with grazing-avoidance or grazing-favored characteristics were negatively correlated with PC1 and
PC2, being associated with heavily grazed grasslands (Fig. 5).

4 Discussion

According to our hypotheses, we found a significant relationship between grazing intensity of domestic
livestock and the specific and functional structure of grasslands in the Austral Pampas. Moderate grazing
increased species and functional diversity without altering species richness, while functional redundancy
was lower than in grazed grasslands. High livestock grazing reduced plant diversity, agreeing with
previous studies [34,35,54–56]. However, species richness did not vary with grazing pressure, suggesting
it may not effectively indicate grazing intensity effects on the composition of Austral Pampas grasslands.
Both species richness and species diversity are usually used to characterize the composition and its
changes associated with the different historical uses of natural grasslands [57,58]. However, in our study,
species richness was not sensitive to variations in grazing intensity, while specific and functional diversity
indices were consistent with our hypothesis.

Figure 3: Average (±SE) proportion of neutral, sensitive, favored, tolerant, and avoidance species in the
sampling areas excluded from domestic livestock grazing (exc), moderately grazed (mg), and intensively
grazed by domestic livestock (ig). Columns with different letters are significantly different (p < 0.05)
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The Austral Pampas grasslands could be classified as sub-humid productive grasslands [24]. This
classification suggests that moderate grazing would increase species diversity, uniformity, and functional
redundancy in natural grasslands, allowing sensitive and tolerant plant species to coexist while preventing
alien plant invasion [59]. Moderate grazing in semiarid grasslands in Uruguay enhances resilience to
climate change [42], but our findings indicate a decrease in both resistance and resilience in grazed
grasslands, reducing their ability to withstand disturbances like fires and droughts. The stability of natural
systems depends on their resistance and resilience, which are influenced by functional responses to

Figure 4: Diagram illustrating the ordination of Principal Component Analysis (PCA) of sampled plots
(circles) from the sampling areas categorized as excluded from domestic livestock grazing (exc),
moderately grazed (mg), and intensively grazed by domestic livestock (ig), depicted in the plane defined
by the first two components (PCA1 and PCA2). The plant species exhibiting significant (p < 0.05)
correlations with the ordination axes are as follows: Baccharis artemisioides (Baar), Carduus
pycnocephalus (Capy), Chaptalia integerrina (Chin), Conium maculatum (Coma), Discaria americana
(Diam), Dichondra sericea (Dise), Echium plantagineum (Ecpl), Lathyrus tomentosus (Lato), Mimosa
rocae (Miro), Nasella neesiana (Nane), and Piptochaetium hackelii (Piha)

Figure 5: Heat map illustrating the correlations between plant functional groups and the first two principal
components (PCA1 and PCA2). Dark red represents a strong negative correlation, while dark blue indicates a
strong positive correlation. The size of the ellipses reflects the strength of the correlation. Pearson’s
correlation coefficient r ≤ ±0.333; p < 0.05
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environmental changes [60]. Greater functional diversity, uniformity, and redundancy is critical for
mitigating disturbances within ecosystems. However, moderate grazing areas in the Austral Pampas
grasslands may reduce functional uniformity and redundancy, increasing vulnerability to disturbances.
Anthropogenic influences, such as reduced native herbivore populations and the introduction of domestic
ungulates, can alter the impact of herbivory on vegetation because the effects of introduced ungulates on
plant communities can differ significantly from the effects of native species due to variations in habitat
use and resource consumption [36]. Grasslands adapted to moderate grazing, like South American
grasslands, are more prone to overgrazing compared to regions that coevolved with large herds of
ungulates, such as African savannas and North American prairies [14,22]. Prior to European colonization,
native ungulates like pampas deer and guanacos maintained the structure and composition of natural
grasslands, but the replacement of these native grazers with domestic livestock at high stocking rates has
intensified historical grazing pressure in the Austral Pampas, leading to structural and compositional
changes in the grasslands by overcoming the ecological resistance of these grasslands [34,35].

The presence of domestic livestock influenced the balance between native and exotic plants in the
grasslands of Austral Pampas, with higher abundances of native plants observed in areas without
livestock and higher abundances of exotic plants in heavily and moderately grazed areas. Consequently,
the ratio of native to exotic plants was higher in the grasslands without domestic livestock. This may
have maintained high levels of both specific and functional diversity in grasslands under moderate
grazing compared to those grazed intensively or without domestic livestock. Livestock grazing also
favored the replacement of palatable plant species, primarily perennial grasses, with unpalatable species
(prostrate perennial herbs, thorny plants, or shrubs), influencing changes in both specific and functional
diversity. Our results are consistent with those found in other South American grasslands. For instance, in
the Flooding Pampas, livestock grazing promoted an increase in plant species diversity due to the
proliferation of exotic grasses [61], while in the Uruguayan grasslands, this increase was attributed to the
growth of prostrate grasses and unpalatable herbs [62].

The proportion of bare ground was higher in the moderately and heavily grazed grasslands compared to
livestock-free areas, creating low-competition microsites that increase the likelihood of exotic plant
establishment or the replacement of desirable species with undesirable ones (non-palatable and shrubs).
These microsites present opportunities for invasive species establishment and spread [63], particularly
when other favorable environmental conditions align, such as sufficient precipitation, or the absence of
fires [64,65]. In the grasslands of the Austral Pampas, the decline in perennial grass abundance due to
overgrazing by feral horses, coupled with fire suppression, facilitated the invasion of Pinus halepensis
[66] and Spartium junceum [67]. Therefore, the reduction of perennial grass cover by domestic livestock,
whether at moderate or high intensity, may favor subordinate native species to the abundance of perennial
grasses, but also the weeds that reduce the forage quality of these grasslands. The high-intensity grazing
reduces the abundance of high-quality forage plant species in arid and semiarid regions of North
America, allowing species that are resistant to high-intensity grazing to become dominant [68]. This leads
to the spread of toxic species and an increase in bare soil, generating a positive feedback process that can
only be reversed through the application of restoration techniques [69,70].

The intensity of livestock grazing regimes strongly influenced the representation of functional groups in
the Austral Pampas grasslands. We identified three distinct functional associations, each linked to a specific
grazing intensity. In grasslands under moderate grazing, high species diversity is supported by the
coexistence of annual herbs and some subordinate perennials of medium to high forage value, as
predicted by the IDH. As grazing pressure increases, species replacement occurs, favoring plants that can
tolerate or avoid grazing over more palatable ones [3], leading to a reduction in species diversity. These
changes in composition and structure were observed in grasslands of the Austral Pampas, even under a
moderate grazing regime. Grazing-sensitive plants, such as Nassella neesiana and Piptochaetium hackelii,
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were abundant in livestock-free areas. They were replaced by grazing-avoiding plants in grazed grasslands,
regardless of grazing pressure. Dichondra sericea (prostrate herb) and Discaria americana (spiny shrub)
were abundant in areas with high grazing intensity, while Mimosa rocae (prostrate shrub) and Conium
maculatum (toxic herb) were prevalent in moderately grazed areas. Livestock grazing has led to the
selection of opportunistic species with grazing-avoidance strategies in the Austral Pampas grasslands,
including exotic plants like Echium plantagineum in heavily grazed areas, and Carduus pycnocephalus in
moderately grazed ones, both known for their toxicity and impact on pasture productivity [71,72].
Effective management of these species is essential to mitigate their economic impacts and maintain
grassland productivity [73].

5 Conclusion

Our study provides a thorough examination of the Intermediate Disturbance Hypothesis as applied to
grazing intensity and its impact on the productivity of grasslands in the Austral Pampas. Even moderate
levels of grazing intensity result in undesirable changes to both the composition and structure of the
grasslands, despite the increased functional and specific diversity and uniformity observed. When
promoting the establishment and spread of undesirable plant species, their productive value may diminish
and the system’s resilience to other disturbances may be reduced. To manage grazing intensity effectively
with domestic livestock, in order to maintain the forage capacity of Southern Pampas grasslands, it is
essential to assess vegetation response to different grazing intensities using indices that reflect both
species diversity and functional diversity within the system. Furthermore, our findings indicate the
development of distinct functional assemblages within the grazing community, each associated with
varying grazing levels. This knowledge is crucial for devising successful conservation and management
strategies to safeguard biodiversity and ecological integrity in the Pampas biome. In conclusion, our
results suggest that livestock grazing in the Austral Pampas is unlikely to yield positive outcomes for
ecosystem structure, function, and composition unless specific response variables are targeted through
explicit management objectives. Rangeland managers should tailor grazing strategies to conserve plant
diversity based on site-specific conditions, rather than adopting a one-size-fits-all approach as proposed
by the Intermediate Disturbance Hypothesis.
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