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Abstract: Natural grasslands are being progressively degraded around the world due to
human-induced action (e.g., overgrazing), but there is neither a widely accepted conceptual framework
to approach degradation studies nor a clear definition of what “grassland degradation” is. Most of
the drivers, processes, and consequences related to grassland degradation are widespread and are
usually separately quoted in the literature. In this paper, we propose a comprehensive framework
with different conceptual categories, for monitoring grassland degradation, and a new definition
based on current ones. We provide a conceptual update of grassland degradation based on a
literature review and an expert survey, focused on the Río de la Plata grasslands (RPG). We identified
“drivers” as external forces or changes that cause degradation; “processes” as measurable changes in
grasslands conditions that can be evaluated using indicators; and “consequences” as the impacts
or results of the process of grassland degradation. We expect that this conceptual framework
will contribute to monitoring programs, to support management decisions, to design conservation
measures, and to communicate the importance of grasslands conservation and the different concepts
involved. Particularly for RPG, we expect that this paper will contribute to promote sustainable
management practices in this important and often neglected ecosystem.
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1. Introduction

Grasslands cover an estimated area of 40% of the land surface [1]. There are different types of native
grasslands, with communities determined mainly by climate and soil conditions, by grazing animals
and by fire [2]. Globally, grasslands make a significant contribution to food security, providing forage
for ruminants used for meat and milk production [3,4] and by the provision of many other important
ecosystem services for human well-being [5,6]. However, the status of grasslands conservation varies
around the world, but it is generally far from satisfactory [7]: they have shown signs of degradation,
due primarily to overgrazing [2,8–12], other improper management practices [13–20], and climate
change [12–14,16–18,20]. In fact, grasslands are among the ecosystems with the highest species richness
in the world [21]. A global estimation of Gang et al. [17] showed that almost half of grassland
ecosystems were degraded and almost 5% of these grasslands experiences strong to extreme levels
of degradation.
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Given its relevance, grassland degradation has become an emerging topic in the fields of
grassland management and environmental protection. Even though many authors and international
organizations call for preservation of natural grasslands [13,22,23], there is not a consensual definition
of what natural grassland degradation is. The conceptual definitions of degradation are very broad,
involving the deterioration of grassland quality, productivity, economic potential, service function,
recovery ability, and diversity [24]. Others focus only on the decline of forage production or grassland
productivity [9,25–28], and others incorporate invasion of non-native plant species [29,30], dominance
of non-palatable species [31] or functions related to biogeochemical and water cycle [12,32–34].
In summary, the term “degradation” referring to the condition of a natural grassland, is widely used in
different circumstances by different stakeholders, from researchers and rural extension agents, to policy
makers, without a common agreed definition. These extremely variable definitions of grassland
degradation reflect the wide variety of services expected from this ecosystem, with each definition
corresponding to one or a few services.

Although definitions differ across human and environmental contexts, we argue that all of them
can be grouped in conceptual categories related to degradation: e.g., drivers, process, or consequences.
Many research reports focus on the process indicators of grassland degradation: e.g., Cao et al. [35]
define the degradation as “an adverse reduction in biodiversity and biomass production, increased soil
erosion, and nutrient loss”. Wick et al. [15] in contrast, focus on consequences and define grassland
degradation as the reduction in their ability to provide ecosystem goods and services. Other studies
combine different conceptual categories, such as consequences and process indicators: “degradation
( . . . ) leads to desertification, reduces grassland productivity and biodiversity” [36]; others combine
drivers and process indicators: overgrazing, woody-plant encroachment, and invasion by non-native
plant species, led to the reduction in the quantity or nutritional quality of the vegetation available for
grazing” [29]. Clarifying these conceptual categories is crucial to build conceptual models that can
explain the dynamics of grassland degradation and restoration.

Understanding the forces that drive the state of grasslands ecosystems, is an important first step
for preventing their degradation. For this task, the State and Transition Model (STM) [37], simple
diagrams that conceptualize the complex dynamic of the vegetation, which has been proposed as a
useful tool to assess grassland management and conservation [38]. According to these models, there are
“normal” or non-degraded vegetation states that are known to be very stable, since they rapidly return
to its original condition after a small perturbation. However, discontinuous and irreversible changes
(at least in the medium term) occur after a major disturbance, when the thresholds are exceeded and,
a “normal” stable state is replaced by an alternative stable but unwanted (degraded) one [15,39]. It is
frequently reported in the literature that primary driving forces of grassland degradation, which can be
grouped into natural events (e.g., the increase in the frequency of extreme drought) and anthropogenic
(management) factors (e.g., overgrazing or grazing abandonment) or by the interaction of both factors,
can cause discontinuous changes in vegetation compositions that are non-reversible. These transitions
to degraded communities are triggered when the driving forces overcome the resilience of the reference
community [40,41]. However, the dividing line between what is considered “normal” and what is
considered degraded is far from absolute.

Much has been studied about degradation in water-limited grasslands [8,12,42–44], which are
ecosystems very prone to soil desertification. In these grasslands, prolonged droughts and overgrazing
are commonly recognized as the two common underlying drivers that lead to degradation. However,
in mesic and humid grasslands, which are alternatively limited by temperature, water and nutrients,
an in-depth synthesis of knowledge is needed to understand driving forces, process, and consequences
of grassland degradation.

Given the importance and the need for preserving natural grasslands for livestock production and
diversity, it is essential to reach a conceptual framework to study the process of grassland degradation.
Considering de Quiroz [45] statement that degradation is intrinsically related to human management
objectives, we believe that there is a need for a review of the studies conducted in grasslands used
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for livestock production. In this context, important questions arise: what is the condition of a
degraded natural grassland? Which are the main drivers that influence grassland degradation? How
ecological process are affected by grassland degradation? What are the main consequences of grassland
degradation? The goal of this paper is to provide a conceptual update of grassland degradation based
on an extensive worldwide literature review and an expert survey focused on the Río de la Plata region.

2. Methodology

2.1. Literature Review

A literature search was conducted in December 2016 with the main objectives of identifying the
drivers, process indicators, and consequences related to degradation. We first used the free search
engine Google Scholar (https://scholar.google.com/) to search across a wide range of academic sources
and not only peer-reviewed literature. We searched by the terms “natural grassland degradation”
and “rangeland degradation” related exclusively to livestock production; a complementary search in
Spanish was conducted with the terms: “degradación”, “campo natural” and “pastizales”. Search
in Portuguese was omitted, even though it is a very important language and the “Campos” region
includes Brazil, due to the fact that in general the Brazilian journals have abstracts in English. Although
there are many uses of natural grasslands such as recreation, hunting, and conservation, we address
the issue of degradation of natural grassland, not of those intensively farmed.

A total of 5910 results were obtained: 5345 from the English-language search and another 565 from
the Spanish-language search. Since we wanted to conduct an in-depth analysis of the concepts and
indicators used to describe grassland degradation around the world, we limited our analysis to the
most-cited 100 papers, though substitutions were made to ensure that at least one paper from each of the
major grassland regions was represented (South American, North America, East Europe, Asia, Australia,
and South Africa). Out of these 100 papers, we identified and systematized 27 papers that provided an
explicit definition of grasslands degradation (see Supporting material in supplementary file).

Additionally, and to enrich and reinforce drivers, process indicators, and consequences and the
conceptual framework, we updated the literature review by specifically searching in different scientific
databases (Scopus, Science Direct, Springer, JSTOR, among others). As a result of this new search,
an additional 40 papers were also systematized.

2.2. Expert Survey

To adapt our propose conceptual framework to the focus region, we center the expert survey on a
regional level. We then conducted a regional survey focused on the Río de la Plata Grasslands (RPG).

This survey was first sent to the regional authors with more citations on “Río de la Plata Grasslands”
research, and to take advantage of the expert network, we applied a “snowball sampling” technique [46]:
we asked the experts to recommend three more people to whom the survey should be sent. This second
group of experts was added to the expert list and surveys were sent to them as well. The survey was
first conducted via email or phone, between July 2014 and March 2016.

The survey target population [47] consisted of 39 experts from different institutions: 54% from
universities (Departments of Agronomy or Natural Sciences/Ecology), 13% from the private sector
(agronomic advisors and/or farmers), 33% from other institutions (research institutes, extension institutes
or the government, and non-profit organizations). The respondent’s disciplinary backgrounds were
85% Grassland management scientists and 15% Botany/Ecology. Only 8% were women. In terms of
nationality, 22 were Uruguayans, 11 Argentineans, and 6 Brazilians.

Five purposely open-ended questions were included in the survey: 1. What do you consider to be
a degraded natural grassland and how can you define it? 2. Mention three relevant indicators that you
would use to characterize a degraded natural grassland. 3. How do you define a non-degraded natural
grassland? 4. Mention three relevant indicators that you would use to characterize a non-degraded
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natural grassland. 5. Identify two or three of the most relevant characteristics that could be used to
differentiate the two conditions.

3. Conceptual Framework for Grassland Degradation

In the present study, we established a framework that identified three distinct conceptual categories:
drivers, processes, and consequences of natural grasslands degradation (Figure 1). For this work,
we define “drivers” as the external forces or changes that can cause degradation, such as overgrazing
or land use change. “Processes” are the conditions that create a sequence of changes in the properties
of the grassland ecosystem, and can be evaluated using indicators, such as reduction in plant growth.
We use the term “process indicator” as a variable used to measure and infer a conclusion from the
phenomenon of degradation [48], such as vegetation height or bare ground cover. Finally, we consider
“consequences” as the impacts or results of the process of grassland degradation, such as reduction in
the Aboveground Net Primary Productivity (ANPP).
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3.1. Which Are the Main Drivers that Influence Grassland Degradation?

In Akiyama and Kawamura [9] review, they discussed several mechanisms of grassland
degradation highlighting climate change and anthropogenic disturbances as the two main underlying
factors that lead to degradation. Globally, the factors of climate change most related to grassland
degradation are warming and the increase in the frequency of prolonged droughts [13,16,17,33,35,49].
Liu et al. [18], Gang et al. [17], Yang et al. [50], and Zhou et al. [20,51] presented quantitative assessments
of the relative roles of climate change and anthropogenic perturbations, revealing that any of them
can be the dominant driver of degradation depending on the study context. However, most of these
studies did not consider the interactions between drivers. In this sense, Sala et al. [52] shows that there
is clear evidence to support nonlinear responses of ecosystems and synergistic interactions among
many global drivers of biodiversity change (e.g., invasions of alien species that are promoted by both
human disturbances and climatic changes). On the other hand, Klein et al. [53] evince a decrease on
ANPP and forage quality (for a of 1.0–2.0 ◦C warming) but also showed an interaction with grazing
that could mitigate that decline. Additionally, Carlyle et al. [54] analyzed different grasslands types
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and found, by manipulating temperature, water, and grazing conditions, that biomass production
depends on the interaction between the three variables under site-specific conditions.

Overgrazing, which occurs when stocking rates exceed the carrying capacity of grasslands, is the
most widespread anthropogenic driver of degradation [9,55,56]. In fact, stocking rates are less variable
than the carrying capacity, and this is ultimately related to primary production and, therefore, to the
climatic conditions. In this way, overgrazing clearly interacts with climate variability. In this regard,
Liu et al. [18] report that Mongolian steppe degradation can be attributed both to climate change (decreasing
precipitation and increasing temperature) and to the increase in the stocking rate. On the other hand, extreme
under-grazing (or grazing abandonment) could also be a source of degradation affecting productivity and
species composition. Although long term livestock exclosures increased standing biomass and vegetation
cover, and they may be a useful management tool to restore the vegetation in degraded grassland of arid
regions [57,58], they sometimes decreased grassland biodiversity [59,60] and ANPP [59].

Regarding grassland degradation, there is a long-standing controversy about the use of fire.
On one hand, Snyman [61] suggested that fire may potentially degrade semiarid grassland based on
the fact that the recovery of the above and below ground biomass production and water use efficiency,
took at least two years after burning. On the other hand, the use of fire appears to be relevant in
fire-prone communities (e.g., mesic grasslands) where fire is an evolutionary force that has been used
for hundreds of years to maintain grassland structure and function [62].

Finally, the improper fertilization and/or exotic species introduction [63–65] and invasive alien
species [66] are also other important factor influencing grassland degradation.

3.2. How Ecological Process Are Affected by Grassland Degradation?

3.2.1. Energy Flux

The most direct signs of grassland degradation are the change in vegetation parameters such as
the decrease in litter mass, vegetation cover and height [12,31,67,68]. At the same time, the decline
in vegetation vigor in degraded grasslands is also reflected in the decrease of the canopy leaf area
index. This is highly relevant, since the leaf area index is one of the main controllers of the primary
production through its role in the photosynthesis [69–71]. On the other hand, the decrease in vigor
of the vegetation could be accompanied by the substitution of high forage quality species for low
forage quality ones [8,31,35,67]. This species turnover could lead to a lower leaf area efficiency than
non-degraded grasslands and, therefore, to a greater reduction in plant growth.

3.2.2. Biogeochemical Cycles

Grasslands have a high potential for carbon storage; however, this capacity strongly depends
on how grasslands are managed [72]. The decrease in litter and plant cover in degraded grasslands
can lead to a slowdown of the nutrient cycling [67,73,74] and to a significant reduction of soil organic
carbon [12,74–79] and nitrogen [80]. Additionally, the reduction in plant cover also results in a reduced
infiltration, which in turn, increases soil erosion [81] and reduced soil water content [82]. This process
can also slow down even more the nutrient cycling process via feedback cycles.

3.2.3. Water Cycle

The hydrological functioning of grasslands could change dramatically by the decrease in plant and
litter cover. The decline in plant cover can lead to an increase in soil bulk density and a decline in the soil
structural stability [67,83,84]. The degradation of grasslands increases evaporation rates [85,86] and surface
runoff [83,87], reducing soil-water infiltration capacity [67,83,84]. This in turn reduces the effective soil
water content [43] and increases soil loss due to erosion [88], leading to greater risks of degradation [89].
This process is highly relevant in semiarid regions, where plant and litter cover are scare per se.
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3.3. What are the Main Consequences of Grassland Degradation?

In countries with most of the territory occupied by grasslands and where extensive livestock
production is an important economic activity, grassland degradation can cause significant economic
and environmental problems. Some economic consequences arise, such as the decreased capacity to
produce commodities [24,45,90] (e.g., meat and wool). This occur because degraded grasslands have
a decreased capacity to provide forage for livestock (e.g., decreased ANPP) [8,18,24,26,35,55,91,92].
In addition, in degraded grasslands, high forage quality species could be replaced by low productive
species [8,31,35,67], with the consequent loss of forage nutritional value [31]. Such changes imply a
reduction in the carrying capacity and, therefore, a reduction in livestock production [9,56].

The degradation of the ecosystem services (benefits that society receives from ecosystems)
involving water and nutrient cycle, energy flow, climate regulation, biodiversity and erosion control
among others [6], has been repeatedly reported as one of the main consequences. Wen et al. [93] reported
that primary production and other ecosystem services (carbon storage, nitrogen recycling, and plant
diversity) of degraded grassland were always lower than those provided by non-degraded ones.

Changes in surface properties of the ecosystems, could severely affect the energy balance,
which may affect the regional climate [94–96]. The decrease in litter quantity, vegetation height and
biomass [12,31,67,68]; the replacement of high forage quality species by low quality ones [8,31,35,67];
the increase in runoff and soil losses [88]; and the decrease in litter [73], are key processes that, separately
or together, can lead to a reduced plant growth which results in a lower secondary production.

Grassland degradation decrease soil organic carbon and nitrogen stocks and promote the emission
of greenhouse gases into the atmosphere [12,80,93]. According to the two-year study of Zhang et al. [80],
total carbon and nitrogen stored in a semiarid grassland ecosystem was reduced, under severe
degradation conditions, by 16% and 10% respectively. Indeed, in a comprehensive meta-analysis
Dlamini et al. [79] showed that grassland degradation reduced soil organic carbon by 16% and 8% in
dry and wet climates, respectively. In some regions, degradation goes beyond its effects on ecosystem
services, as it can lead to the completely loss of grassland habitat or to desertification [97].

Other important consequence of grassland degradation is the loss of animal and/or plant
biodiversity [24,35,65]. Grazing usually increases species richness in mesic grasslands, while it generally
reduces species richness in semiarid and arid grassland [98–100]. Even though there are some analysis
as the one reported by Eldridge et al. [101], where grazing reduces ecosystem structure, function, and
composition on different bioclimatic conditions (arid to humid and sub- humid) in Australia, the negative
effects of grazing were greater in drier environments. Nevertheless, the way in which species decrease
in overgrazed grasslands is mostly dependent on the grazing history and the position on the moisture
gradient [102]. In mesic grasslands with long history of grazing, the peak of species richness generally
occurs under moderate grazing intensities [102–104], meanwhile in sites with short history of grazing this
peak happen at light grazing intensities. On the other hand, in semiarid grasslands with a long history of
grazing, this peak take place at light grazing intensities, and then, as grazing intensity increases, species
richness should decline slightly; meanwhile in sites with short history of grazing the species richness
decrease linearly with the increase of grazing from non-grazed to severe grazing intensities [102,103].

4. Conceptual Framework Adapted to RPG

The South American RPG are one of the largest temperate and subtropical grasslands regions
in the world. The RPG cover the central-eastern part of Argentina, most of Uruguay and southern
Brazil [105] (Figure 2).

In the RPG, extensive livestock production has taken place for more than 300 years and therefore
stocking rate management is a key factor for grassland conservation [106]. Specifically, the RPG have
a predominance of C4 grasses, and C3 grasses to a lesser extent, and are the habitat of 4864 plant
species [19]; 385 bird species and 90 mammal species [107].
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Causes for degradation in RPG extensive livestock-based systems have been reported by many
researchers, such as: (i) overgrazing by animals [56]; (ii) invasive alien species [108]; and (iii) nutrient
addition and/or the introduction of exotic forage species into native grassland [63–65].

In RPG, animals graze all year round at relatively constant stocking rates [31], while ANPP of
these grasslands shows large seasonal and inter-annual variations [109]. Under these conditions,
grasslands can become recurrently overgrazed, mainly when periods of low forage production (e.g.,
severe droughts) coincide with high stocking rates. Indeed, the decreased forage biomass and the
substitution of palatable species by unpalatable ones that can lead to a reduced plant growth and forage
quality [8,31] are some of the processes that most concern in RPG. Besides that, weed invasions [108,110]
and degradation promoted by fertilization and exotic forage species over-seeded in native grasslands
are also concern. In these cases, the invasive weeds and the over-seeded species often weaken native
species as they compete them for resources, such as space and light. However, as the over-seeded
species do not persist, they end up facilitating the colonization and dominance of invasive species [65].

The consequences of overgrazing by livestock in RPG are strongly dependent on grassland type.
Studies of Altesor et al. [59] in Southern Campos in Uruguay, Jaurena et al. [111] in northern Campos in
Uruguay, and Fedrigo et al. [56] in Campos in Río Grande do Sul-Brazil indicate that these grasslands
are particularly resistant to overgrazing. Meanwhile, in the Flooding Pampa in Argentina, the increase
of grazing intensity induces a quick replacement of C3 and C4 native grasses by exotic annual forbs
and grasses [112]. In addition, the most problematic invasive weed in the RPG is Eragrostis plana Nees,
which has already invaded 20% of the native grassland in Río Grande do Sul, decreasing native plant
diversity and livestock production [113].

4.1. How Did Experts Percived the Degradation of Natural Grassland?

According to the expert survey, in most cases, the experts recognized that the grassland degradation
is strongly dependent on grassland community, related mainly to different soil types. They referred to
degradation as a complex process that have diverse dynamics on each specific community or specific
region. Most of the experts focused on the importance of the primary (plant) and secondary (animal)
productivity. Some of grassland management specialist mentioned that the dominance of some exotic
forage species, if they are palatable and nutritious for livestock, they did not consider the presence of
these species (e.g., ryegrass Lolium multiflorum Lam.) to be an indicator of degradation. On the other
hand, others defined the degradation problem related to the abiotic conditions that cause a change in
the community state which is not reversible after the disturbance occurs.
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4.2. Which Indicators Are the Most Important to Characterize Degradation?

According to the conceptual framework previously described (Figure 1), we identified the drivers,
process indicators, and consequences related to degradation from the literature review and experts
survey. It is noteworthy that 63% of papers alluded to process indicators, 50% mentioned at least one
driver, and 36% referred to consequences. The most commonly cited drivers (46% of the papers) were
related to human-induced processes (mainly overgrazing). Loss of ecosystem processes, service and
function (24%) and soil erosion (10%) were the most frequently declared consequences.

Half of the experts identified overgrazing in specific communities as the most mentioned driver.
The most commonly cited consequences increased soil erosion (41%) followed by reduction of resilience
(including drought resistance) and the reduction of livestock production (28% each).

The most frequently mentioned indicators were vegetation or bare soil cover, productivity (ANPP
related to the potential of the community), plant species or functional groups diversity, and species
and functional type composition.

It is worth noticing that climate change was not considered to be an important driver for the
experts but is was cited on the 15% pf the papers. Although drought resistance and resilience were
mention as important consequences in the expert survey.

A comparison of the most relevant indicators extracted from the two different scales addressed in
the study (regional and global) is shown in Table 1.
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Table 1. Frequency (%) of the most relevant indicator mentioned in the literature review (from a total of 67 analyzed papers) and expert survey (from 29 experts who
answered the survey). Some papers or experts mention more than one indicator. The “+” and “−” signs indicate the effect of the natural grassland’s degradation on
that indicator: a decrease (−) or an increase (+). Indicators are grouped following the conceptual framework present in Figure 1. *1 (overgrazing, under-grazing,
fragmentation); *2 (high forage value: quality and stability in time); *3 (related to livestock preference); *4 (mainly livestock production); *5 (water cycle, nutrient cycle,
energy flow, species dynamic).

Conceptual Category Subtopic Indicator Effect % of Papers
(Literature)

% of Experts
(Survey)

Drivers

Human–induced processes *1

[6,8–10,13–16,25,29,34,35,52,55,56,63–65,91,92,106,114–122]
46 52

Result of natural events (drought, climate change)
[13,14,16,17,25,33,35,49,55,115] 15

Process indicators

Productivity

Productivity (ANPP related to the potential in a specific soil type)
[12,15,24,25,29,32,34,36,45,55,90–92,115,123,124] − 24 55

Vegetation and/or bare soil cover
[12,24,25,32,34,55,108,110,114,116,125–127] − or + 19 72

Productivity indicator species % *2 [4,123,124] − 4 45

Plant height [12,92,125] − 4 31

Biomass or Forage availability [9,10,14,35,55,92,115,126] − 12 7

Quality indicator species (%) *3 [14,24,25,29,31,128] − 10 10

Biodiversity

Plant species richness, plant or functional groups diversity
[8,12,24,26,29,34,35,65,123,125] − 15 55

Species and functional type composition [8,29,115,123,126] − or + 7 55

Weeds (%) [8] + 1 41

Structural heterogeneity [29] − 1 48

Non–native plant species % [65,108,110,127] + 6 41

Key, endemic or rare species [32] − 1 28

Soil process

Soil bulk density [32,87] + 3 17

Soil organic matter [32,74–78,92] − 10 14

Soil nutrients [29,35,116] + 4 21

Litter presence [67,68,73] − 4 10



Agronomy 2019, 9, 239 10 of 21

Table 1. Cont.

Conceptual Category Subtopic Indicator Effect % of Papers
(Literature)

% of Experts
(Survey)

Consequences

Soil erosion [29,34,35,67,87,88,116] + 10 41

Drought resistance and resilience [18,24,76,129] − 6 28

Secondary production *4 [9,24,34,45,56,90,123,129] − 12 28

Ecosystem processes, services and function *5

[12,15,24,29,32,45,56,67,74,75,83,84,87,88,123,124]
− 24 23

Plant health [15] − 1 21

Soil seed bank [130,131] − 3 3
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4.3. Conceptual Framework Proposed of Monitoring Río de la Plata Grassland Degradation

According to the information discussed above, a complete conceptual framework diagram
presenting the relation between those concepts is shown in Figure 3.
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5. What is a Degraded Native Grassland?

The term “degradation” referring to the condition of a natural grassland, is widely used in different
circumstances by different stakeholders (from researchers and rural extension agents to policy makers),
without a common agreed definition. Based on our review and considering that the interaction of
grassland and herbivorous is the central key of the analysis, we propose as common definition of
grassland degradation, a retro-progressive process in which a grassland community changes to a lower
quality state, losing its capacity to be grazed by herbivores. Specifically, grassland degradation happens
when you have a general decrease in productivity, soil properties, and diversity due to human activities
and natural processes. This new definition is based on the fact that as plant communities degrade, above
ground standing biomass and plant production decrease [12,18,29,67,68], and soil-vegetation cover and
litter amount decrease too [67,74]. These effects could occur in conjunction with changes in species
composition [8,29,35,67], reductions in species diversity [24,35,65], increased soil erosion [35,67,87,88] and
augmented soil nutrient loss [67,74]; among other important effects. In all cases, different stakeholders
agree that the degradation process leads to a lower quality of grassland ecosystem.

6. Discussion

The importance of natural grasslands to food security, to the provision of ecosystem services,
and to the economy of many developing countries such as Uruguay, Argentina, and Brazil, imply
that their degradation is a major political, economic, and environmental issue. This importance is
reinforced by the experts’ perception that degradation can be increased by the effects of livestock
production intensification and climate change. Although it is widely known and repeatedly reported
in the literature that overgrazing is one of the main global drivers of degradation, the experimental
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evidence of irreversible changes to degraded states in RPG is limited and it is highly dependent on the
community type. The STMs developed in the RPG region by Andrade et al. [132] provide a conceptual
framework of stages and thresholds that help researchers to study degradation and restoration. In the
present review paper, we advance in the theoretical framework detailing the main drivers, process
indicators, and consequences. Despite some differences evidence on the global literature review and
the regional expert survey, some of the most frequently mentioned topics were the same, and they have
some common process indicators, suggesting that the problem of degradation may have a common
interpretation. Taking this into consideration, grassland degradation for livestock production could be
monitored assessing drivers, process indicators, and consequences as in the propose framework.

From our perspective, to further advance in the knowledge of grassland degradation process in
RPG, we represent the interactive effects of rainfall variability and overgrazing, in new conceptual
STMs (Figure 4A–D). Specifically, to support the decisions of ecosystem management, these models try
to link (i) multiple drivers operating simultaneously, in different site-specific conditions (e.g., soil types
bioclimatic zones and evolutionary history of grazing), (ii) the main process affected (e.g., decreased on
primary production by a reduced of the leaf area index, or the reduction on plant species diversity by
an increment on interspecific competitive exclusion for light) and its indicators, and (iii) the expected
consequences of management practices in different climatic scenarios.Agronomy 2019, 9, x FOR PEER REVIEW  12  of  20 
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Figure 4. Conceptual framework proposed for the study of grassland degradation in the RPG represented
by four state and transition models: (A) Grassland degradation by overgrazing and increased rainfall
variability in sites with short evolutionary history of grazing; (B) Grassland degradation by overgrazing
and increased rainfall variability in sites with long evolutionary history of grazing; (C) Grassland
degradation by intensification (nitrogen and phosphorous incorporation combined with over-seeding
of exotic forage species) with different grazing intensities; and (D) Grassland degradation by invasive
alien species with different grazing intensities. Drivers are remarked in blue, process in green and
consequences in red. ANPP (above ground net primary production). The two-sided arrows represent
potentially reversible processes when the disturbance is removed, while the one-sided arrows represent
an irreversible shift to a degraded state.
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Some studies conducted in the Flooding Pampas in Argentina [112,133] reveal that grazing would
induce rapid changes to alternative degraded states (Figure 4A). However, on the other hand, studies
carried out on Campos grasslands [56,134] suggest that grazing intensity and climate variability would
induce phase changes within states (slow, continuous and reversible community changes), but would
not cause change into alternative degraded stable states (Figure 4B). Similar results are reported by
Porensky et al., [135] in northern mixed-grass prairie in the USA. The differences in responses of plant
community to overgrazing, which experts mentioned repeatedly, could be related with the interaction
between grassland bioclimatic conditions and the evolutive history of grazing [103]. However, there is
a lack of knowledge in that history on a specific region with an adequate spatial-temporal resolution,
this has repercussions in being able to capture grassland dynamics (essential to understand short
term evolution). To overcome this limitation, Oesterheld and Semmartin [136] propose to consider
the regional set of species, the covariation of production and grazing intensity, and the positive biotic
interactions that protect plants from herbivores, for a better understanding of why different grasslands
communities respond differently to grazing. Additionally, invasive alien species [108] and nutrient
addition and/or the introduction of exotic forage species into native grasslands [63–65] in interaction
with grazing intensity would induce changes to alternative degraded states (Figure 4C,D).

As we already mentioned, grassland degradation has become a widespread and common problem
in different regions of the world and in this review paper we have found that different regions and
grassland types have some common drivers, process, and consequences related to degradation and thus,
have the potential to be analyzed and monitored by a common framework. However, the reviewed
articles also revealed that other drivers, processes and consequences were common within a similar
rainfall variability conditions, and different according to a bioclimatic gradient and evolutive history
of grazing. Climate change appears to be a significant driver on arid grasslands [20,50,51,137] while
it is not mentioned in humidity grasslands analysis. On the other hand, light grazing intensity or
grazing exclusion, have different effects depending on the bioclimatic region, with a positive effect on
arid environments [57,58], and a negative one on humidity regions [59,60]. Regarding consequences,
desertification is exclusively reported on arid and semiarid areas [9].

Although it seems that the responses to the underlying drivers of degradation are different between
semiarid, mesic, and humid grasslands, we suggest that this bioclimatic gradient mask the true effect
of rainfall variability. The results of Davidowitz [138] showed that more drier grasslands generally
are climatically more variable than the humid ones, so inter-annual rainfall variability is inversely
related to its mean. For many processes, inter-annual rainfall variability can be a more important
climatic parameter than the average precipitations [139]. For instance, where rainfall variability is high
in relation to its average, species need to adapt to first survive prolonged drought periods and then,
to take advantage of long rainfall periods [140]. Additionally, in arid and semiarid rangelands, the
variability in ANPP could be higher than variability in rainfall [141,142].

Although several studies quantified the effects of climate change and anthropogenic management
on grassland degradation, simulating actual vs. potential net primary production effects [17,20,50,51,135],
their interactions have not been addressed and the effect of frequency and intensity increment of extreme
precipitation events on grassland degradation, remains almost unexplored.

In this review, we found that most of grassland degradation studies were conducted in water-limited
grasslands. In these grasslands, prolonged droughts and overgrazing are the two common underlying
drivers that lead to degradation. Sloat et al. [143] found that grasslands regions with high rainfall
variability support lower livestock densities than less-variable areas. Considering that stocking rates
are less variable than the carrying capacity and therefore than climatic conditions, overgrazing clearly
interacts with the increased rainfall variability. From these non-equilibrium concept of grassland
dynamics proposed by Ellis and Swift [144], it has been predicted that the potential degradation by
overgrazing is low in environments with relatively high rainfall variability. These studies argue that
in periods of drought, herbivores population is reduced, thereby decreasing their potential to degrade
grasslands. We consider that this application of the non-equilibrium concept could contribute to
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understand the dynamic of wildlife-based ecosystems where animals self-regulate their populations
during prolonged droughts. However, this is not the general case in extensive livestock-based systems
where farmers seek to maximize profit. In this context, farmers have two contrasting scenarios for the
application of management practices to mitigate drought effects. On one hand, they could provide
supplemental emergency feed (e.g., crop residues or grain by-products), use stockpile forage and facilitate
the access to water sources to minimize animal mortality and to avoid weight losses in drought periods,
maintaining the stocking rates. This managements practices could lead to a positive feedback that cause
further degradation [145]. As a second option, if these same management options are combined with the
reduction of the stocking rate to match availability of lower forage and to minimizes the effect of grazing
on vegetation, a negative feedback could probably occur that will prevent degradation.

The diversity of grasslands, the differential impacts of climate and management on them, and the
variety of uses and human dimensions throughout the world, are the main reasons for the coexistence of
different conceptual significances of degradation. de Queiroz [45] state that definitions of degradation
are different depending on the human management objectives. Given that these objectives can differ,
the definitions of what constitutes degradation also differ. We argue that definitions can also differ due
to emphasis on different conceptual categories related to degradation and that is why it is important of
clarify these conceptual categories. Moreover, the concept of degradation does not denote the same
set of conditions for different stakeholders. Bedunah and Angerer [5] highlighted the complexity
of the term degradation by claiming that rangeland scientists need to have a key role in collecting,
understanding, and commenting on degradation definitions used by stakeholders. Agreeing on a
definition of a complex concept such as grassland degradation is also important for research purposes,
since it contributes to identify what processes need to be described and which variables need to be
measured to systematically assess the degree of degradation.

7. Conclusions

Grassland degradation has multicausal drivers; however, the complexity of this process remains
mostly unexplored, since most of the studies focus on single drivers of vegetation change. From our
study, we proposed a new conceptual model which consider the multiple drivers that operate
simultaneously and their interactions in different site-specific conditions.

Despite the difference in scale (global and regional), some of the mentioned topics were the same
and they have some common process indicators suggesting that the problem of degradation, may have
a common interpretation and can be analyzed with a common conceptual framework.

We believe that the proposed conceptual framework for the degradation of grasslands used for
livestock production is a valuable contribution to monitoring programs and to support grassland
management decisions, by clarifying the different concepts involved in the process (drivers, process
indicators, and consequences) and structuring the degradation analysis allowing identifying key
aspects. In addition, the framework could be a useful tool to communicate the importance of grasslands
conservation, both to a general audience and to specialists in the field.

Despite this, we also found that some drivers, process, and consequences were common within a
bioclimatic zone and could be different along a bioclimatic gradient. This gives some particularities
to the systems that needs to be abroad and could be also analyzed according to the proposed
conceptual framework.

Considering the RPG region, we expect that this paper will contribute to reach a conceptual
update of grassland degradation based on the mentioned concepts that can help to promote a dual
goal of production and conservation in this important and often neglected ecosystem.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/9/5/239/s1,
supplementary file: Supporting Literature review.pdf.
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