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Abstract

The ecosystem services (ES) approach is a framework for describing the benefits of nature to
human well-being, and this has become a popular instrument for assessment and evaluation of
ecosystems and their functions. Grazing lands can provide a wide array of ES that depend on
their management practices and intensity. This article reviews the trends and approaches used
in the analysis of some relevant ES provided by grazing systems, in line with the framework
principles of the Millennium Ecosystem Assessment (MA). The scientific literature provides
reports of many studies on ES in general, but the search here focussed on grazing systems,
which returned only 62 papers. This review of published papers highlights that: (i) in some
papers, the concept of ES as defined by the MA is misunderstood (e.g., lack of anthropocentric
vision); (i1) 34% of the papers dealt only with one ES, which neglects the need for the
multisectoral approach suggested by the MA; (iii) only a few papers included stakeholder
involvement to improve local decision-making processes; (iv) cultural ES have been poorly
studied despite being considered the most relevant for local and general stakeholders; and (v)
stakeholder awareness of well-being as provided by ES in grazing systems can foster both agri-

environmental schemes and the willingness to pay for these services.

Keywords. Primary production, habitat services, food, land degradation prevention, water
quality regulation, regulation of water flows, climate regulation, moderation of extreme events,

natural (landscape) heritage
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1. Introduction

Although the first references to the concept of “ecosystem functions, services and values” date
back to around the 1960s, the number of scientific papers concerning ecosystem services (ES)
has grown exponentially in the last few decades (de Groot et al., 2002). This is particularly the
case since the publication of the Millennium Ecosystem Assessment (MA) (Fisher et al., 2009).
The MA (Alcamo et al., 2003; Millennium Ecosystem Assessment, 2005) represents one of the
most extensive and widely accepted studies on the links between human well-being and the
world ecosystems. It defines the ecosystem as “a dynamic complex of plant, animal (including
humans), and microorganism communities and the non-living environment interacting as a
functional unit”, and ecosystem services as “the benefits people obtain from ecosystems”.
According to Alcamo et al. (2003), the goal of MA is to establish the scientific basis for actions
that are needed to enhance the contributions of ecosystems to human well-being without
undermining their long-term productivity. The MA conceptual framework assumes that there
is a dynamic interaction between people and ecosystems that requires a multiscale approach, as
this better reflects the multiscale nature of decision making. Effective incorporation of different
types of knowledge into ES assessment can both improve the findings and help to increase their
adoption by stakeholders. The MA conceptual framework places human well-being as the
central focus for assessment.

The MA identified four groups of ES: (i) Supporting: services necessary for the
production of all other ES (e.g., soil formation, nutrient cycling), where the impact on people
is either indirect or occurs over a very long time; (ii) Provisioning: products obtained from
ecosystems, such as food and fresh water; (ii1) Regulating: benefits obtained from the regulation
of ecosystem processes, such as climate and disease control; and (iv) Cultural: non-material
benefits people obtain from ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and aesthetic experiences. A second key study concerning ES, The
Economics of Ecosystems and Biodiversity (TEEB, 2010), defines ES as “the direct and
indirect contributions of ecosystems to human well-being”, and separates the concepts of
services and benefits (welfare gains generated by ES), while considering supporting services
merely as ecological processes, and not strictly as ES.

Although it is recognized that each ecosystem can produce a large number of ES
(Alcamo et al., 2003; Millennium Ecosystem Assessment, 2005), ecosystems can also produce
ecosystem disservices that are harmful or detrimental to human well-being (von D6hren and

Haase, 2015). Thus, the term “ecosystem service” is anthropocentric and is intended to have a
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positive sense. This vision is one of the recurring critiques of the concept of ES, and according
to Schroter et al. (2014), the ES concept is not meant to replace biocentric arguments, but to
group together a wide variety of anthropocentric arguments for the protection and sustainable
use of ecosystems by humans. Schréter et al. (2014) also counter-argued six other main critiques
to the ES concept that were derived from the scientific literature.

Ecosystem services are spatial-scale and time-scale dependent, and there is a risk that
spatial scale mismatches between ecological processes and decision making will occur. For this
reason, the need for an integrated approach that also takes into account the local knowledge of
stakeholders is a key requirement in assessing ES (Alcamo et al., 2003; Millennium Ecosystem
Assessment, 2005; Reed, 2008).

According to Alcamo et al. (2003) and TEEB (2010), ecosystems and biodiversity are
closely related concepts, although biodiversity is not strictly considered as an ES, but rather as
a source or a regulator of the ecosystem (Harrison et al., 2014). The knowledge gap regarding
both the links and the difficulties in understanding the relationships between ES and
biodiversity has been highlighted by many authors (e.g., Jax and Heink, 2015; Sircely and
Naeem, 2012; Harrison et al., 2014).

Livestock systems occupy about a third of the ice-free land surface of the planet, and
they represent an important source of income; indeed, they can even be essential for the survival
of vulnerable human communities. In these systems, grazing land can provide a large and
differentiated number of ES (Porqueddu et al., 2016; Tarrason et al., 2016). These ES are, in
turn, dependent on the different management practices (Fischer et al., 2010; Steiner et al., 2014),
such as different grazing regimes (Ford et al., 2012).

This article reviews the trends and approaches used in the analysis of some relevant ES
provided by grazing systems, in line with the framework principles of the MA. In the context
of this review, grazing systems include production systems in which grazing is one of the main
management practices adopted across the grazing lands (Allen et al., 2011). This review will
analyse: (i) if the papers follow the principles of the MA, and the main reasons behind their
missed adoption; (ii) which are the most analysed ES, and which require further investigation
within grazing systems; (iii) how different types of knowledge have been incorporated into ES
assessment, as requested by the MA; and (iv) how ES concepts have fed the decision-making
process. It is intended that the results of this review can be used to derive recommendations for

research activities in the analysis of ES.

2. Links between biodiversity and ecosystem services
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Biodiversity is the variability between living organisms, and it includes diversity within and
among species and ecosystems. Biodiversity is the source of many goods and services, such as
food and genetic resources, and changes in biodiversity can influence the supply of ES (Alcamo
et al., 2003). Subsequently the MA (2005) defined biodiversity as a necessary condition for the
delivery of all ES, and in most cases, a greater level of biodiversity is associated with a larger
or more dependable supply of ES.

According to the MA (2005), biodiversity is both a response variable that is affected by
the drivers of global change (e.g., climate, change in land use) and a factor that modifies
ecosystem processes and ES, and indirectly, human well-being (e.g., health, freedom of choice
and action). Changes in human well-being can lead to modifications to management practices,
with direct effects on ecosystem processes and biodiversity (Figure 1). Although the MA
describes a unilateral relationship between biodiversity and ES, some authors consider
biodiversity as a service in its own right; e.g., as the basis of nature-based tourism (van Wilgen
et al., 2008). However, others consider that biodiversity can have different roles as a regulator

of ecosystem processes, as a service in itself, or as a good (Mace et al., 2012).

Insert Fig. 1 about here

Habitat provisioning is one of the main ecosystem services that links the effects of
livestock grazing to the biodiversity of the host ecosystem (Hoffman et al., 2014). Habitat
services arise from the direct interactions of animals with their environments, and are hence
related to land-management practices, especially in relation to grazing systems. Unlike the MA
(Alcamo et al., 2003; Millennium Ecosystem Assessment, 2005), the TEEB (2010) considers
habitat services as a separate category. In agreement with these documents, this review
considers habitat services within supporting services, because of their interconnected nature

and their shared roles in underpinning the delivery of other services.

3. Bibliographic search and analysis criteria

This review is based on the ES provided by grazing systems as categorised and defined as
prominent by Hoffman et al. (2014) (Table 1). Among these, the ES relevant to the expertise
and background of the authors were analysed in detail: primary production (PP), habitat services

(HS), food and other livestock-related products (FP), land degradation and soil erosion (LD),
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water quality regulation/ purification (WQ), regulation of water flows (WF), climate regulation

(CR), moderation of extreme events (EE), and natural (landscape) heritage (NH) (Box 1).

Insert Box 1

Published papers dealing with ES were sampled in January 2016 using the Web of
Science™ (WoS). Within the search option of “topic” the basic string "ecosystem service*" and
("grassland*" or "rangeland*" or "shrubland*" or “scrubland*") and "grazing" was used as
input in the “field search” (“basic search”), starting from 2004 as the “timespan”. To have a
preliminary selection for each analysed ES, specific search terms were added to the basic string
according to the keywords (Table 1) included in the Food and Agriculture Organisation report
(Hoffman et al., 2014). The additional strings used for the preliminary selection are reported in
detail in Table 2.

All of the papers extracted with the basic string (155 papers) were analysed to verify the
adoption of the MA framework and the attribution of the papers to each ES, which was corrected
as necessary. The analysis of the extracted papers allowed the identification which ES were
analysed for each paper in the light of the MA, and which did not take the MA into account
(i.e., “ecosystem services” and/or “millennium ecosystem assessment” were merely cited in the
Introduction or Conclusions).

After the analysis of the extracted papers the following manuscripts were excluded from
this review: (i) papers dealing with ES that was not analysed (ii) reviews, editorials and meta-

analyses; and (iii) papers that did not adopt the MA framework.

Insert Table 1

Insert Table 2

4. Trends and approaches in ecosystem services analysis

4.1. The extracted papers: numbers, exclusion, and reasons for exclusion

The basic string search returned a total of 155 papers (Table 1) with an increasing trend from
2010 (Figure 2). The multiple occurrence of different ES within single papers results in a total
of 529 findings within the 155 papers. Most papers dealt in particular with supporting (mostly
for PP and HS), regulating (in particular, CR and WF) and cultural (NH) ES. Only a few papers
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dealt with FP, and surprisingly, very few with food itself. The addition of some other terms to
the basic string would have resulted in additional papers. For example, by adding or ““good*”
to the basic string, the total number of papers for FP would increase from 12 to 38. This
highlights that many authors did not analyse food as an ES according to the MA framework.
Similar considerations can be stated for the other ES analysed.

The total number of extracted papers is surprisingly low compared to the far more
numerous papers that have analysed grazing systems from the economic and/or biophysical
perspective, but that did not adopt the MA framework. Indeed, by removing the keyword
“ecosystem service*” from the basic string and maintaining the same time span, the number of

papers reached 5,983.

Insert Fig. 2

According to the review criteria, 29 papers were excluded from this review, as reviews,
editorials or meta-analyses, and 64 papers were excluded for only dealing with ES that were
not analysed in this review (e.g., fuel, power, pollination; 9 papers) or did not adopt the MA
framework (55 papers). With these papers, the term “ecosystem service” was present in the text
(e.g., in the Introduction), and for this reason they were extracted.

Sixty-two papers (149 findings) were eligible for the present analysis. NH was
apparently assessed in 25% of the papers, although it proved to be analysed as a cultural ES in
only 6% of the papers (out of 39 publications, 4 were eligible; Table 1). In the papers excluded
from the NH ES, the landscape was considered: (i) for the effects that it can have on biodiversity
(e.g., Cole et al., 2015; Kearns and Oliveras, 2009; Lindborg et al., 2009; Littlewood et al.,
2012; Sanderson et al., 2007); (i1) as support for improving or maintaining other ES, but not as
an ES per se (e.g., Lavorel et al., 2011, 2015; Schaldach et al., 2013); (iii) as an assessment
scale for other ES (e.g., Hussain and Tschirhart, 2013; Medina-Roldan et al., 2012; Peringer et
al., 2013; Kimoto et al., 2012); and (iv) for the effects that different drivers had on it without
directly analysing the consequences on its cultural value (e.g., Cousins et al., 2015; Lamarque
et al., 2014; Schaich et al., 2015). The limited number of papers dealing with the landscape as
a cultural ES might be explained by the difficulty for the measurement of this aspect, and to the
few currently available indicators (Feld et al., 2009; TEEB, 2010). Rather than being considered
as an EE, fire was analysed in some papers as a management tool for the enhancement of other
ES (e.g., habitat provisioning, prevention of wildfires), and for this reason these papers were

excluded from the EE analysis. For example, Joubert et al. (2014) investigated the effects of
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annual burning on plant species richness, composition and turnover in three firebreak types,
and under different cattle grazing levels. Boughton et al. (2013) conducted an 8-year split-plot
experiment to study the effects of the season of burn on the plant composition of a semi-natural
grassland in Florida (USA), where in addition to prescribed winter burns, natural historical
wildfires occurred on abandoned ranchlands. The response of vegetation disturbance was
studied by Hancock and Legg (2012), for prescribed fire management in pine forests and
ericaceous heathlands in the UK. These papers were excluded from the NH and EE analyses,
but were included in the other ES analysed in this review; e.g., Lavorel et al. (2011) was
excluded from NH but was included in the HS, PP and CR analyses. “Landscape” and “fire”
were considered as particular cases, as these can have different meanings (e.g., scale of
investigation or management tools). The main reasons for the exclusion for the rest of the papers
(e.g., Bai et al., 2012; Loucougaray et al., 2015; Zeng et al., 2015) was the lack of adoption of
the MA approach or for only mentioning the term “ecosystem service” in the text (e.g., in the
Introduction or Abstract). Table 1 summarises these review categories according to the numbers
of papers for each ES extracted by the strings, the numbers of papers eligible for the analysis,

and the attribution of these papers to each ES.

4.2. The eligible papers: most and least analysed ecosystem services in combinations with
each other

The predominance of papers dealing with PP (63% of the papers), HS (55%) and CR (50%)
that emerged in the extracted papers was confirmed for the eligible papers. Although livestock
production is clearly related to the forage characteristics of pastures (e.g., yield, quality, species
diversity, plant active compounds) (Lieber et al., 2014), only five papers included PP and FP
ES in the analyses (Figure 3). From the deep review of the papers, it clearly emerged that PP,
CR and HS were often analysed together; i.e., PP was assessed in 80% of the papers dealing
with CR (e.g., Medina-Roldan et al., 2012; Onatibia et al., 2015) and in 60% of the papers
dealing with HS (e.g., Duru et al., 2015; Marriot et al., 2010), while HS was analysed in 40%
of the papers dealing with PP or CR. At the same time, these three ES were assessed with at
least one other ES (e.g., Lamarque et al., 2014; Miller et al., 2011); i.e., PP was analysed in
more than 70% of the papers dealing with FP (e.g., Koniak et al., 2011) or LD (e.g., Giese et
al., 2013), HS was analysed in 100% of the papers dealing with NH (e.g., Fontana et al., 2014),
CR was analysed in about 70% of the papers dealing with FP (e.g., Ford et al., 2012) and in
60% of the papers dealing with WQ (e.g., Roche et al., 2014) or with WF (e.g., Fisher et al.,
2011) (Figure 3). In the grazing systems, PP and HS were classified as supporting ES, and were
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thus placed at the base of all of the other ES. This explains the high number of papers that dealt
with PP and HS. As a regulating ES, CR is a well-investigated topic, because it is strongly
linked to the urgent climate-change issues. Indeed, even if CR was one of the most analysed
ES, its analysis was mostly at a global scale, in terms of its role in net sequestration or net
emissions of greenhouse gases, while none of the papers analysed how changes in land cover
can affect both temperature and precipitation at local levels. The relationships between the
supporting ES, PP and HS and the other regulation ES was less analysed; i.e., WQ was assessed
only in 3% and 4% of the papers dealing with PP and HS, respectively, while WF was analysed
in about 20% of the papers dealing with PP or HS. Also, while 80% of the FP papers analysed
the relation with PP and about 67% analysed the relation with HS, only 13% and 11% of the
papers that assessed PP or HS included FP. A similar consideration can be derived for the
cultural ES NH, where 100% of the papers analysed the NH relationship with HS, and 80%
with PP. On the contrary, only 12% and 8% of the papers dealing with HS or PP included the
effects of different management options on NH within their study (Figure 3).

This analysis highlights that the authors tended to concentrate their research on ES very
close to each other in terms of their characteristics and relationships, and that they mostly
focussed on the supporting and regulating ES. Indeed, papers that dealt with ES that are distant
from each other represented the minority; e.g., between HS and FP or NH. In the next section,
the literature was analysed in terms of the advantages that derive from a multisectoral analysis
that also includes the provisioning and cultural ES, and how this analysis allows inclusion of
different stakeholders in the definition of shared management options or support policies (e.g.,

“Payments for ES” or “agri-environmental schemes”).

Insert Fig. 3

4.3. Millennium Ecosystem Assessment principles in the eligible papers

Despite the MA (2005) recommending the implementation of a multisectoral approach to fully
evaluate changes in ES, their interactions, and the trade-offs and impact on people, 34% of the
62 papers analysed just one ES (i.e., 10 out of 35 papers for HS; 5 out of 31 for CR, and 3 out
of 39 for PP), and 23% analysed only two ES (Figure 4). Only 11% of the papers dealt

simultaneously with more than five ES.

Insert Fig. 4
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The paper that dealt with one or a few ES turned out to be a very detailed analysis of the
single ES, and at the same time, they lost the overview of the system and the potential other
effects and trade-offs on the other ES. For example, Kimoto et al. (2012) analysed the effects
of different intensities of livestock grazing on native bees, and they concluded that maintaining
a heterogeneous landscape with some areas grazed and other not grazed, or with rotation of
grazing, might be necessary to support native bee diversity. However, the consequences on FP
and NH were not investigated by these authors.

In two interesting papers, Cole et al. (2012, 2015) analysed the effects of the main
physical and botanical attributes and of the different management options of riparian field
margins on ground beetle and pollinator diversity, and they concluded that wide riparian
margins strategically placed within the landscape can enhance taxonomic and functional
diversity. Nevertheless, this study did not analyse the effects on the landscape as cultural ES
(i.e., the aesthetic value) generated by the different management options, and so they missed
the opportunity to highlight further positive effects or trade-offs.

Another example is provided by Peringer et al. (2013), who analysed silvopastoral
systems as traditional components of the landscape in the Swiss Jura Mountains, for the
prevention of the loss of species-rich open grasslands and forest-grassland ecotones. In this
paper, the landscape was an assessment scale for the other ES (i.e., HS), and so it was not an
ES.

Other authors enlarged their analyses to other ES, to highlight potential trade-offs or
existing relationships; e.g., between different management options on FP or on the aesthetic
value of the landscape to produce income from tourism. In this vision, Fontana et al. (2014)
analysed the effects of management changes of larch grasslands in the Italian Alps
(abandonment and intensification Vvs. traditional management) on PP, HS and pollination, and
also on valuable cultural ES (i.e., scenic beauty, traditional healing plants). They conducted a
phyto-sociological study on plots that were randomly selected using geographic information
systems. For each plant species recorded, three out of eight plant traits were chosen explicitly
for their relevance for ES provision: flower colour, high diversity of pollination agents, and the
occurrence of edible or healing value for traditional meals and medicines. The provision of
scenic beauty and other ES was associated with specific management systems to be addressed
when planning future subsidies, and with specific financial support for a traditional agroforestry
system.

Other authors analysed the effects of several scenarios (e.g., climate change, policies,

management) on FP and on other ES for a more holistic analysis; e.g., Koniak et al. (2011)
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addressed issues related to honey production, and developed a mathematical model that
predicted the dynamics of multiple services in response to management scenarios (grazing, fire,
and their combination) mediated by vegetation changes. These authors combined the potential
contribution to honey production with other ES from different groups into one “ES basket”
(e.g., carbon retention for CR, forage production for PP, density of geophytes for HS), despite
their different natures, which can help land managers to evaluate the effects and trade-offs of
alternative management scenarios. Another example of a holistic approach is provided by Dong
et al. (2012a, 2012b; 2014), who used the emergy' approach to calculate the performance of
several ES (i.e., CR, EE, FP, WR, PP) under different systems and scenarios, to support local
resource management and larger-scale environmental resource decision making. Ford et al.
(2012) used a wide range of ES for each of the MA category of ES to test the hypothesis that
changes in grazing intensity of semi-natural grassland differentially affect individual services
and alter the balance of supporting, provisioning, regulating and cultural ES provision. This
holistic approach underlined that in addition to biodiversity measures of “success” in
conservation, ES measures and trade-offs need to be taken into account when choosing an
appropriate grassland management scheme. Reed et al. (2015) analysed a combination of many
ES to produce tools and frameworks to support the stakeholder decision-making processes for
land management. These authors identified new economic instruments (e.g., payments for ES)

to enhance the flow of ES provided by grazing systems.

4.4. Ecosystem services, and different types of knowledge and decision making in the eligible
papers

A further approach to the analysis of ES provided by grazing systems emerged from some
papers that included the involvement of stakeholders in different phases of the evaluation
process and with different aims. Some other authors applied a holistic approach that combined
the ES analysis with stakeholder involvement to explore the relationships between land
management and ES. This approach was intended to influence the decision-making processes,
to increase the stakeholder ES knowledge and awareness of the consequences of their activity.
Lamarque et al. (2014) applied a role game, in which farmers were faced with changes in ES
(i.e., PP, HS, WQ, CR) under climatic and socio-economic scenarios, and prompted to plan for

the future and to take land-management decisions as deemed necessary. The results

" Emergy was defined as the amount of available energy of one type (usually solar) that is directly or indirectly required to
provide a given flow or storage of energy or matter (Odum, 1996).
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demonstrated that the farmers were not aware, e.g., of the potential effects of their activities on
nitrate leaching, and that feedback loops between ES and land-management decisions can
favour more sustainable ES management. A global-scale study was performed by Petz et al.
(2014a) in South African rangelands that were affected by historical issues of land conservation
and degradation due to overgrazing (e.g., vegetation cover, species diversity, soil erosion,
carbon stock, water quality). These authors used the combined approach of a literature review,
collected data, and models (i.e., “IMAGE-USLE”) to study the interactions between input data,
livestock density, and ES, to strengthen and optimise the choices of local stakeholders for the
future management of the area in three different land-management scenarios. A further example
of the effectiveness of the use of this approach to identify the best land-management options
was provided by Fisher et al. (2011). These authors explored the variations in ES delivery that
resulted from different management practices in UK wetlands. In particular, the role of species-
led (both animals and plants) management on biodiversity was investigated. In a following step,
consultation with stakeholders and experts was carried out through workshops and meetings, to
elaborate specific details of the management impact on CR, WQ and WR, linked to the range
of management practices. These results are particularly relevant for the drafting of management
plans that need to carefully balance the effects of management practices. One example in this
sense was provided by Van Horn et al. (2012), who suggested taking into account grazing-
related effects on some ES, such as water-quality parameters like turbidity and temperature.
Other authors used different approaches for the analysis of ES, with the integration of
scientific knowledge with local knowledge, to create “hybrid knowledge”. In this vision, for a
pastoral system of a semi-arid region of northern Nicaragua, Tarrason et al. (2016) highlighted
the importance of engaging relevant and interested stakeholders in dialogue with each other and
with the researchers, and encouraging the participation of local stakeholders in the decision-
making processes. They applied a participatory methodological framework to identify features
of LD and links with other ES provisions. The study designed a four-step methodological
framework to integrate local and scientific knowledge within a participatory assessment of land
degradation. Field visits and in-depth interviews with key informants and farmers produced
information that was integrated with the scientific knowledge that was validated by focus
groups, and then used in a state-and-transition conceptual model. Field data on the cover
vegetation and the plot life forms were used in thematic working groups with different
stakeholders to discuss the results of the previous phases and to develop adaptive management

options to maintain or improve ES.
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The increase in awareness of local and general stakeholders (e.g., citizens, inhabitants,
tourists) of the flow of ES provided by grazing systems was considered by some authors as a
key element. The increased awareness of these stakeholders favours the acceptance of new
economic instruments (e.g., Payments for ES), which increased their “willingness to pay” for
ES. An example emerges from the analysis of Bernués et al. (2014), who attempted to determine
the socio-cultural and economic value of some ES delivered by mountain agroecosystems in
northeast Spain (e.g., forest fires, habitats for species, aesthetic and recreational values of the
landscape, product quality linked to the territory), by identifying stakeholder willingness to pay
for their provision. Focus groups and survey-based stated preference methods were combined
to identify the effects on ES of three different scenarios that were derived from contrasting
policies, and to test the willingness to pay for ES. Cultural ES were demonstrated to be a useful
tool to engage with stakeholders to support grazing system policies. From this analysis, it
emerged that the farmers were more interested in supporting ES, the local and general
stakeholders were more interested in cultural ES, and the local stakeholders were more
interested in the landscape than the general stakeholders. In any case, the willingness to pay for

ES was higher compared to the current level of EU agri-environmental support.

5. Concluding remarks

The extraction criteria used for this bibliographic review resulted in a relatively small number
of papers. The keyword “ecosystem service” was the dividing term between a vast literature
that deals with biophysical and socio-economic features of the grazing systems and the minimal
results of papers in this analysis that used the ES concept.

Although the MA has been the most widely accepted ES assessment framework since
2003, the analysis of these extracted papers has highlighted misunderstandings concerning the
concept of ES. One clear example is the confusion concerning biodiversity, which contrary to
the MA, was considered in several papers as an ES per se (e.g., Lindborg et al., 2009; Mace et
al.,2012). Also, not all of the analysed papers understood or accepted the anthropocentric vision
of the ES framework; e.g., some authors proposed biocentric solutions to reverse the inner
dynamics of systems without taking into account stakeholder opinions or needs (e.g., Cole et
al., 2015).

The need to examine the supply and condition of each ES, as well as the trade-offs (e.g.,
Marriot et al., 2010; Odatibia et al., 2015) and interactions between them (as requested by the
MA), was applied in a number of these analysed papers (e.g., Koniak et al., 2011; Petz et al.,
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2014a). Management and development options should take into account the internal dynamics
of systems and the biophysical components, and also the socio-economic, socio-cultural and
institutional features (Caballero and Fernandez-Santos, 2009). Despite this, only a few authors
integrated a multi-stakeholder approach into their analysis of ES and the interactions between
these (e.g., Bernués et al., 2014; Petz et al., 2014b; Tarrason et al., 2016). The need for
stakeholder involvement emerged in some papers that underlined how the ES concept was not
familiar to stakeholders, and was often confused, e.g., with the responsibility of humans to
preserve nature (e.g., Bernués et al., 2014; Tarrason et al., 2016). The use of ES as a basis for
discussion might favour more sustainable practices, to increase the awareness of the effects of
different management options on stakeholder well-being (e.g., Lamarque et al., 2014).

Other authors emphasised how the stakeholders and their knowledge inclusion is needed
to improve the effectiveness of local decision-making processes (e.g., Lindborg et al., 2009;
Tarrason et al., 2016). The integration of local and scientific knowledge generates hybrid
knowledge, thereby encouraging the participation of local stakeholders in the decision-making
processes. This allowed the identification of adaptive strategies for key services to be
maintained into the future (Lamarque et al., 2014; Francioni et al., 2014); e.g., through the
implementation of in-situ experiments on native pasture management (Tarrason et al., 2016).
Many tools that are commonly used in scientific activities, such as mathematical models, future
scenarios, indicators and biophysical data, were adopted by these authors to engage the
stakeholders or to facilitate discussion with and between them.

In the analysed literature, cultural ES were poorly studied, despite these being
considered the most relevant for local and general stakeholders (Bernués et al., 2014). This thus
limited the ES framework to agriculture-related aspects. Better stakeholder awareness of the
well-being provided by ES in grazing systems might foster agri-environmental schemes and the
willingness to pay for these services. Many papers analysed and proposed different
management options to improve the provision of ES (e.g., Cole et al., 2015), but did not analyse
the effects on the natural heritage (e.g., the landscape aesthetic value), which can be relevant in
policy-making processes (Bulte et al., 2008) and, for instance, in the definition of Payments for
ES. Compensation and market-related policies have gained prominence to encourage farmers,
policy makers and land managers to change their behaviour, and these might represent a
mechanism to align potentially opposing interests; e.g., in the areas of wildlife management and

biodiversity conservation.
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Table 1. Papers dealing with ecosystem services provided by grazing systems returned by the basic string from the Web of Science™ and after

selection according to the review criteria. Each paper can deal with more than one ecosystem service.

Ecosystem Ecosystem service Description Papers
services Extracted! Satisfying
group (n) analysis criteria’
(n) (%)
Supporting  Maintenance of soil structure and fertility Nutrient cycling on farms and across landscapes; soil formation 12 n.a. n.a.
Primary production Improving vegetation growth/ cover 72 39 63
Habitat services (as part of supporting services)
Maintenance of life cycles of species Habitat for species, especially migratory species 78 35 56
Habitat connectivity Seed dispersal in guts and coats 2 n.a n.a.
Maintenance of genetic diversity Gene pool protection and conservation 0 0 0
Provisioning Food Meat, milk, eggs, honey, wool, leather, hides, skins, etc. 12 6 10
Fertiliser Manure and urine for fertiliser 9 n.a. n.a.
Fuel Manure and CHj4 for energy, manure biogas, etc. 11 n.a. n.a.
Power Draught animal power 0 0 0
Genetic resources Basis for breed improvement and medicinal purposes 10 n.a. n.a.
Biotechnical/ medicinal resources Laboratory animals, test organisms, biochemical products 0 0 0
Regulating Waste recycling and conversion of non- Recycling of crop residues, household waste, swill, primary vegetation 1 n.a. n.a
human edible feed consumption
Land degradation and erosion prevention Maintenance of vegetation cover 26 10 16
Water quality regulation/ purification Water purification/ filtering in soils 8 5 8
Regulation of water flows Natural drainage and drought prevention, influence of vegetation on 44 15 24
rainfall, timing/ magnitude of run-off/ flooding
Climate regulation Soil carbon sequestration, greenhouse gas mitigation 60 31 50



Moderation of extreme events Avalanche and fire control 19 4 6

Pollination Yield/ seed quality of crops and natural vegetation; genetic diversity 17 n.a n.a

Biological control and animal/ human Destruction of habitats of pest and disease vectors; yields 3 0 0

disease control

Cultural Opportunities for recreation Eco/ agro-tourism, sports, shows and other recreational activities 50 n.a n.a

involving specific animal breeds

Knowledge systems and educational values  Traditional and formal knowledge about breeds, grazing and socio- 23 n.a. n.a
cultural systems of the area

Cultural and historic heritage Presence of the breed in the area helps to maintain elements of the local 21 n.a. n.a
culture that are valued as part of the local heritage; cultural identity

Inspiration for culture, art and design Traditional art/ handicraft; fashion; cultural, intellectual and spiritual 12 n.a. n.a
enrichment and inspiration; pet animals, advertising

Natural (landscape) heritage Values associated with landscape as shaped by animals themselves or as a 39 4 6
part of landscape; e.g., aesthetic values, sense of place, inspiration

Spiritual and religious experience Values related to religious rituals and the human life-cycle, such as 0 0 0

religious ceremonies, funerals or weddings

!, 155 papers extracted from the Web of Science™, for a total of 529 findings;

2,62 papers, for 149 findings, satisfying the analysis criteria.

n.a., not analysed



Table 2. Basic and additional strings used for the extraction of the papers, according to the

keywords included in the Food and Agriculture Organisation report (Hoffman et al., 2014).

Ecosystem service analysed

Extraction string

Ecosystem services (basic string)

"ecosystem service*" and ("grassland*" or "rangeland*" or

"shrubland*" or "scrubland*") and "grazing”

Primary production

(“primary production” or “vegetation growth™ or
““vegetation cover” or “vegetation” or “NPP”” or ““net

primary production”)

Habitat services

("species” or "habitat” or "life cycle™)

Food and other livestock related

products

("meat” or "milk™ or "honey" or "wool" or "leather" or

"hide™ or "skin™ or "wax")

Land degradation and soil erosion

("land degradation™ or "erosion™ or "cover crop*" or

"vegetation cover")

Water quality regulation/ purification

("water quality” or "water regulation™ or "water

purification™ or "water filtering in soil")

Regulation of water flows

("water” or "natural drainage™ or "drought prevention” or

"runoff" or "rainfall" or "flooding")

Climate regulation

("climate™ or "soil carbon” or "greenhouse gas*" or "GHG"
or "CO2" or "CH4" or "N20")

Moderation of extreme events

("avalanche*" or "fire" or “extreme event*")

Natural (landscape) heritage

("landscape™ or "aesthetic™ or "inspiration™)
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