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Abstract: Local breeds are key components of livestock farming systems. They are part of livestock biodiversity and this
diversity has been threatened since the second half of the 20th century by their replacement with animals from specialized
breeds. The multiple benefits of farming systems using local breeds – provision of goods, landscape and environmental
management, and uses related to cultural and heritage dimensions – have long been recognized and used to argue for
their conservation. However, the notion of ecosystem services is rarely used to analyze those benefits. This article presents
a qualitative approach to the provision of ecosystem services by farming systems that use livestock biodiversity. Based on
diverse case studies of breeds from several species, we propose an analytical framework that accounts for how a service is
qualified, who is concerned by the services identified, the role of the breed in the process of service provision, and interactions
between services. Finally, the framework considers the links between the provision of services and the management of the
breeds. We discuss to what extent the notion of ecosystem services is useful in dealing with the multiple benefits from farming
systems using local breeds.
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Introduction

Livestock biodiversity has been threatened since the
second half of the 20th century, as many local breeds

∗Corresponding author: Anne Lauvie (anne.lauvie@inrae.fr)

have been replaced by a few specialized breeds and
hybrids, which, among other traits, have been inten-
sively selected to increase production, and have become
mainstream breeds (Audiot, 1995; FAO, 2015). How-
ever, local breeds are both a resource for and a prod-
uct of livestock farming. Globally, FAO (2015) reported
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a total of 8,774 breeds from 38 domesticated ani-
mal species, resulting from long-term livestock farm-
ing in diverse territories with different goals. The
first challenge for livestock biodiversity faced by stake-
holders and the scientific community, is its conserva-
tion, mainly focused on breed conservation and within-
breed genetic variability management (Hall and Bradley,
1995; Ajmone-Marsan and Consortium GLOBALDIV,
2010). Beyond this conservation challenge, adding value
to local breeds has been underlined as a key process
for farm animal biodiversity, in particular through the
production of quality food products (Verrier et al, 2005;
Mathias et al, 2010; Ligda and Casabianca, 2013). Var-
ious authors in the field of local breeds management
have stressed that the supply of animal products is asso-
ciated with other benefits: provision of a high diversity
of food and other goods, services related to landscape
and environmental management, uses related to cultural
and heritage dimensions (Audiot, 1995; Alexandre et al,
2002; Gandini and Villa, 2003; Rege and Gibson, 2003;
Verrier et al, 2005; Berland et al, 2006; Fontaine et al,
2008; Naves et al, 2011; Leroy et al, 2018; Hall, 2019).
These material and immaterial benefits have been used
as one of the arguments to underline the importance of
local breeds’ conservation (FAO, 2015).

Few authors use ecosystem service approaches to
analyze the material and immaterial benefits provided
by the raising of local breeds (Hoffmann et al, 2014).
However, from being a simple metaphor to raise pub-
lic awareness (Norgaard, 2010; Barnaud et al, 2011),
since the Millennium Ecosystem Assessment (2005),
the ecosystem services concept is being increasingly
used (Kull et al, 2015; Droste et al, 2018). A prolific liter-
ature highlights the diversity of ecosystem services pro-
duced or used by agricultural ecosystems (Zhang et al,
2007) and how it is linked to human practices (Lescour-
ret et al, 2015). Up to now, when the ecosystem ser-
vices approach was applied to livestock biodiversity, it
was mainly at a global scale, through the generic inven-
tory of ecosystem services (Leroy et al, 2018), or to focus
on specific dimensions of them, like the cultural and her-
itage values of breed diversity in the Alpine area (Mar-
soner et al, 2018).

Hall (2019) hypothesized that the underuse of this
framework by stakeholders and the scientific community
is partly due to a lack of recognition of livestock
biodiversity by the ecosystem services community, and
suggested it would be useful and beneficial that linkages
be strengthened among several scientific communities.
However, Velado-Alonso et al (2021) highlighted the
interest in considering both cultural and ecological
dimensions of the relationships between livestock breeds
and ecosystem services.

Moreover, as underlined by Beudou et al (2017),
the most commonly used ecosystem services approaches
are quantitative and, as a consequence, neglect the
social dimension of livestock farming systems, while
qualitative approaches are relevant to comprehend the
complex processes and interrelations underlying the

production of ecosystem services (Barnaud et al, 2018).
Indeed, we can wonder if a qualitative ecosystem service
approach could help better understand the dynamics
underlying the multiple benefits obtained from farming
systems using livestock biodiversity.

The purpose of the present paper is to propose a
qualitative approach to ecosystem services provision by
different farming systems that exploit livestock diversity.
Considering that the ecosystem services notion applies
at the ecosystem scale, we do not look here at ecosystem
services provided by livestock biodiversity but ecosystem
services provided by farming systems using livestock
biodiversity (Martin-Collado et al, 2019). In this paper,
we present a framework for the analysis of ecosystem
services provided by farming systems using livestock
biodiversity focusing on the processes at play and the
interactions supporting them. Then, we discuss to what
extent the notion of ecosystem services is appropriate to
deal with the multiple benefits obtained from farming
systems using livestock biodiversity.

Materials and methods

Our work is based on empirical research on nine
ruminant breeds in six different regions. All the case
studies are located in France, including in French
overseas territories, Reunion Island (Indian Ocean) and
Guadeloupe Island (French West Indies). The locations
were chosen to represent diverse (i) biogeographical
and climatic conditions, (ii) species, (iii) main uses
and (iv) population sizes (Figure 1). We analyzed
data and empirical knowledge on those breeds and
the associated livestock farming systems, taken from
previous or ongoing studies (Table 1).

All the breeds concerned are local except one,
the Montbéliarde breed, which is the second most
important dairy cattle breed in France. For this breed,
we repurposed work carried out in its cradle of origin
(located in the east of France, in the Bourgogne Franche
Comté Region), which allowed us to have a wide
variety of situations on the fourth criterion mentioned
above (Gaillard et al, 2018).

We developed an inductive approach (Woo et al,
2017) based on several working meetings that brought
together researchers from different animal sciences,
and social and economic sciences (the authors of the
present paper). We share a research position that relies
on the importance of a qualitative approach, tackling
empirical issues to build realistic conceptualizations.
We also share a vision of ecosystem services as social
constructs: Barnaud et al (2018) illustrated that in
such a vision, “an open landscape does not ‘naturally’
or ‘intrinsically’ provide a cultural ecosystem service
but someone, in a given geographical, cultural, and
historical context, attributes a specific patrimonial or
aesthetic value to such landscape.” Indeed, even for the
services that result from ecological dynamics, the way
humans qualify them as services, recognizing them as
such, has a social dimension. Consequently, our aim
is not to describe ‘objective’ ecosystem services and
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Figure 1. The six regions and the nine breeds analyzed in the present study (source of the population size estimates: INRA (2014)).

Table 1. References associated with the described case studies.

Case study Species References
Creole Cattle and goat Alexandre et al (2002); Gautier and Naves (2011); Naves et al

(2011); Boval et al (2012); Gourdine et al (2021)
Bretonne Pie Noir Cattle Couix et al (2016); Lauvie et al (2017)
Pëı Goat Fontaine et al (2008)
Montbéliarde Cattle Gaillard et al (2018)
Räıole, Caussenarde des Garrigues,
Rouge du Roussillon

Sheep Lauvie et al (2017); Nozieres-Petit and Lauvie (2018)

Corse Sheep Lauvie et al (2017); Perucho et al (2020)

quantify or assess them (and such a vision is not adapted
to do this kind of assessment). Our aim is rather to take
into account services as social constructs: such a vision
is adapted to a qualitative and comprehensive approach
of complex processes in agroecosystems.

First, we organized three online workshops in 2016,
during which we shared our knowledge of the case
studies (Table 1 and Figure 1) by presenting (i) their
main characteristics, and (ii) the ecosystem services
produced by the systems that used the breeds concerned.
All the researchers were invited to the online workshops
and the attendance ranged from 11 to 12, according

to the individual availability for each workshop. The
ecosystem services were identified from a researcher’s
point of view, resulting in an interpretation of what
could constitute a service, and to whom.

We organized two 2-day workshops in 2017 during
which a transverse analysis resulted in a first analytical
grid. Eleven researchers participated in the first and
nine in the second workshop. In these workshops,
we raised the following questions: i) who were the
beneficiaries or potential beneficiaries of the ecosystem
services identified, ii) who provided the services and
iii) the role of the breed in the process of providing
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the service, thanks to available data and expertise. This
analysis raised several theoretical and methodological
questions reported in the result section.

We organized four online workshops in 2017 and
2018 to complete the iterative development of the
framework, identifying loops between knowledge of the
case studies, the questions we wanted to ask and the
notions and concepts used to tackle these questions in
the literature. This iterative collective back and forth
between the case studies and the literature provided
the background necessary to discuss to what extent the
concept of ecosystem services (and associated concepts)
was useful to deal with the multiple benefits of systems
using livestock biodiversity. The process is summarized
in Figure 2.

Results

Services provided by farming systems using
livestock biodiversity: our proposed
framework

Our transversal approach enabled us to develop a
framework to analyze the provision of ecosystem
services in farming systems using livestock biodiversity,
focusing on the main elements to be taken into account
and their interactions. We developed this framework in
the form of a list of items to be considered in studies
of ecosystem services produced by farming systems
using livestock biodiversity. The main themes of the
framework are summed up in Figure 3.

We formulated all the items as questions possibly
applicable to other situations. The data from our
empirical studies did not necessarily enable us to answer
all the questions with the same level of detail, but the
questions were considered key to understanding the
processes for at least one case, even if empirical data
to answer them were not available for all the cases.

Considering ecosystem services as a social construct
implies the analysis of each ecosystem service identified,
including its temporal dynamics, with these questions:

• How is the service formulated or qualified?
The formulation or qualification may be plural,
depending on from whose point of view the service
is considered. It needs to consider dynamics over
time and space.

• What processes underlie service provision?

– Who is concerned?

– Who are the beneficiaries and/or the people
who help provide the service?

– Who identifies the service as such?
– Is the service produced intentionally or not

(and by whom)?
– What are the interactions between the people

concerned?

– What is the role of the breed in the process?

– Is the effect of the breed linked with biological
characteristics and the abilities of the animals

of the breed (direct or indirect effects)? If so,
which abilities are considered to be involved
in the provision of services by the different
people concerned (several points of view are
possible)?

– Is the effect of the breed linked with other
attributes of the breed that are not directly
linked to biological characteristics (e.g. local
heritage or image)? If so, which attributes
are considered to be at play by the different
people involved in service provision (several
points of view are possible)?

– Can the breed be considered a marker of the
search for innovation/alternatives in farming
systems?

– Does the breed play a catalytic role in relation
to collective action to provide a service?

– What are the interactions with other services?

– Do other services result from this service? I.e.
does the fact that this service is produced
enable the provision of other services? (e.g.
cascades or bundles of services)

– Are there any variations in the generic
formulation of the service?

– Do other services – synergies or trade-offs –
interact with it?

• To what extent is the service taken into account in
the management of the breed?

In the following sections, for the different items in the
framework, we present each item and provide details on:

(i) How the transverse analysis of our case studies
enabled the identification of the item

(ii) How creating linkages between our cases and
the literature helped build the framework and provided
insights into the usefulness of the notion of ecosystem
services.

We explore which elements from the literature
helped us in the analysis of the case studies. The
elements presented in those paragraphs result from
linkages between empirical data (from case studies) and
theoretical contributions (from the literature and the
questions raised by our cross-cutting analysis).

Dynamics of production of a diverse range
of services

The first step was to identify each service. We first
established that systems that use livestock biodiversity
are involved in the production of a wide range of
ecosystem services. Table 2 summarizes this diversity by
giving examples from our case studies. Our aim here was
to illustrate the diversity and put it in perspective with
a classification frame proposed in ecosystem services
literature, but not to make an exhaustive, generic or
‘objective’ inventory.

Indeed, the temporal (and spatial) dynamics of
ecosystem services provision are important in the cases
we studied.
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Figure 2. Process used from the six case studies analysis to the building of the framework

Figure 3. Main themes of the framework
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Table 2. The diversity of services identified in the case studies.

Services identified Examples given in the case studies
Food products (main products of the systems studied,
diversity of meat and dairy products mainly subject to market
valuation but can also be subject to non-market valuation)

Without geographical indication, sold through direct sales or
through intermediaries, like the meat and dairy products from
the Bretonne Pie Noir
Protected Designation of Origin (PDO) products like Comté
cheese made from the milk of cows belonging to the
Montbéliarde or Simmental breeds and the Brocciu whey
cheese in Corsica, which can only be made from Corsican
sheep and goat milk

Inedible products Wool from the Räıole breed
Skins of goats in Guadeloupe
Manure used to fertilize the soil (e.g. by Caussenarde des
Garrigues, Raiole and Rouge du Roussillon or Creole cattle in
Guadeloupe)

Maintenance of some specificities of the farming systems The sheep breeds Raiole, Rouge du Roussillon and
Caussenarde des Garrigues are associated with pastoral
systems in the region concerned, and are reputed for their
ability to adapt to those systems

Services linked to the management of habitats or the
preservation of associated landscapes

Wildfire prevention (particularly in the Mediterranean region)
Birds nesting open areas (recorded in typical Guadeloupean
savannahs grazed by tethered Creole
cattle (Zoom-Guadeloupe, 2012))

Use of animals from the systems for religious rites In Réunion and Guadeloupe islands, goats are commonly
used for Hindu sacrifices. A diversity of phenotypes are
sought. Pëı and Créole goats contribute to this diversity, more
often in Guadeloupe than in La Réunion, along with other
goats from various breeds and crossbred animals.

Educational use In several cases, farmers have allowed farm visits by
schoolchildren

Contribution to heritage and cultures This dimension can be recognized through the associated
landscape, e.g. the pastoral landscapes in the Causses and
Cevennes area, which are designated UNESCO world heritage
sites Local breed animals, with their specific phenotypic
attributes (e.g. colour, horns) also contribute to the aesthetics
of the landscape and its original identity, and thus serve as an
image vector for agro-tourism Through an informal pathway,
they may simply be part of the cultural patrimony, like the
Creole society in Reunion Island or Guadeloupe.

Contribution of farming systems to the global dynamics of the
territories (by helping maintain an agricultural activity and/or
to the image of the territory concerned).

A cow from the Bretonne Pie Noir breed was named ‘star cow’
at the 2017 Paris agricultural fair, and the Pays de Redon
where the cow originated benefited from this event being
reported in the press.
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For example, the use of Créole cattle in Guadeloupe
in oxen drawing (bœufs tirants) contests, has played a
role in conserving the breed, thanks to the success of
this cultural event. However, the increasing success has
led to a modification in the rules to include categories of
larger animals, shorten the distance to be covered, and
no longer place the yoke directly on the horns. These
changes have increased the inclusion of exotic breeds
with greater muscle development (Limousin, Charolais,
Blonde d’Aquitaine) than that of the local breed. The
cultural service is thus developing, but the link between
the service and the local breed is dwindling.

A second example of temporal and spatial dynamics
of ecosystem services is the Montbéliarde cattle breed
in the Comté cheese territory (a protected designation
of origin (PDO) cheese). The milk is collected and
processed by small-scale processors (called fruitières
in French) distributed throughout the territory. This
organization and the related livestock farming systems
are associated with the production of a specific
landscape, which can be considered a service. However,
we identified changes in farm structure with an increase
in the size of the herds. This trend is due to the
increasing demand for Comté cheese (and a readiness
to make the most of the attractive price of the milk
for Comté), the pleasure involved in raising high-
yielding dairy cows, as well as the desire to reorganize
labour. The tendency to graze the herd on land close
to the farm homestead rather than on more distant
pastures (more typical of the Jura landscape), as well
as to increase the size and homogeneity of the plant
covers used in pastures, has also led to changes in the
landscape (Gaillard et al, 2018).

We compared data gathered from the case studies
with data in the literature, which provided benchmarks
for the identification of ecosystem services. The well-
known categories suggested by the Millennium Ecosys-
tem Assessment (2005) or the Common International
Classification of Ecosystem Services (CICES) (Haines-
Young and Potschin, 2018) make it possible to distin-
guish provisioning, regulation and maintenance, cul-
tural, and support services. Identification of services can
be facilitated by using such a classification. We used the
provisioning, support and regulation and cultural cate-
gories to describe the services in our cases, which helped
ensure we covered a wide range of services. However, as
we will see hereafter, the services we identified were not
always easy to classify into a single category. Moreover,
the view of ecosystem services as social constructs (Bar-
naud et al, 2018) underlines the fact that they are not
intrinsic properties of ecosystems, and that the classifi-
cation of specific services provided at a given time by
an ecosystem may not still be relevant when a dynamic
approach is used.

How can services be qualified and
classified?

After the first step of identification of services, the first
item of the framework is: How can the services be
formulated or qualified?

Our analysis of case studies raised the question of
how to qualify (and classify) the services. By using
the word qualify we mean describe and attribute
one or several qualities to a service by naming
it/them. The main products of systems using the breeds
concerned are food products. However, systems that
produce traditional food products, can be considered
to provide both a provisioning service and a cultural
service. Indeed, the food products concerned often have
a cultural dimension, which can be recognized, for
instance, through a PDO. Similarly, a pasture system that
has shaped a typical landscape can be considered both
as a regulation and a cultural service, like the Causses
and the Cévennes, where the pastoral landscapes are
UNESCO designated world heritage sites. Many services
produced by farming systems using local breeds have a
cultural dimension.

Ovaska and Soini (2016) noted the overlapping of
ecosystem services categories and for instance, D́ıaz
et al (2018), underlined the importance of recognizing
“the central and pervasive role that culture plays” in
the production of nature’s contributions to humans, as
well as the importance of applying a context-specific
perspective. Increasing research in this field has enabled
the development of multiple approaches that might be
complementary (Peterson et al, 2018) to qualify and
classify ecosystem services. Following Barnaud et al
(2018), we consider ecosystem services as “subjective
perceptions, socially situated and constructed”. The
points of view of the people involved in the situation
studied should be taken into account when qualifying
and classifying ecosystem services.

People concerned by the production of
services

The first question regarding the second item of the
framework, is: Who is concerned?

Our analysis of the case studies confirmed the
diversity of actors involved in the systems using the
breeds concerned and in the processes linked to the
provision of ecosystem services. For instance, the range
of livestock keepers involved in the use of the Bretonne
Pie Noir cattle breed includes both hobby breeders
and professional breeders, and both dairy and meat
herds (Couix et al, 2016). Other stakeholders include
researchers, consumers, environmental management
associations and restaurant owners. Interactions among
actors influence the provision of ecosystem services by
systems using the breed.

In several ecosystem services that we identified,
the same actors, particularly farmers, can be both
beneficiaries and providers. For instance, some farmers
who raise Bretonne Pie Noir cattle use areas of ecological
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interest, like wetlands, as feed resources for their cattle.
The farmers thus participate in the production of the
management service of those areas through grazing, and
at the same time, profit from the vegetation in the areas
to feed their herds.

The ecosystem functions are translated into ser-
vices when they are used, consumed or enjoyed by
humans (Fisher et al, 2009). This makes ecosystem
services beneficiary-dependent (different individuals or
collectives benefit from different services (D́ıaz et al.,
2018)). In the framework they proposed for the anal-
ysis of social interdependencies underlying ecosystem
services dynamics, Barnaud et al (2018) identified two
other categories of actors together with beneficiaries:
providers, and possibly intermediaries between benefi-
ciaries and providers. To grasp the complexity of the
actors involved, we suggest adding a step before qual-
ifying actors as a beneficiary, provider or intermediary:
identifying what we call the ‘people concerned’. The aim
of this step is to ensure different levels of concern are
included. The people concerned can then be qualified
as beneficiaries, producers, intermediaries or, in some
cases, may belong to more than one category. Identifying
the people concerned is a step in the process of tracing
actors who play a direct role in the processes underlying
the provision of services and helps grasp the multiple
perceptions, values and practices associated with such
services (Dendoncker et al, 2018; Teixeira et al, 2018).

Some of the ecosystem services produced at the
scale of the human-driven farming system are produced
intentionally, e.g.edible and inedible goods. However,
this is not necessarily the case for all ecosystem
services. The provision of cultural services, for instance,
may sometimes be considered involuntary, as they are
inherited from a long history of co-evolution of the
breeds, their environment and the human practices
involved in the farming system. It is not always
easy to determine whether a service is provided
intentionally or not, especially when several dimensions
of ecosystem services production are interconnected.
However, the distinction proposed by Aznar et al (2007)
may be useful to deal with the general question
of whether or not ecosystem services are produced
intentionally. Based on the economy of services, this
author defines provisioned services as services provided
by agriculture which lead a farmer to maintain or
change support and/or contribute technical or human
capacities. These provisioned services are supplied by
the farmer intentionally and are co-built by the farmer
and the beneficiaries/applicant. Aznar et al (2007)
distinguished them from service externalities that are
supplied without the intention of the supplier and from
service functions which refer to services supplied to
humans by nature.

The role of the breed in service production:
not only biological characteristics are at
play

The second question regarding the second item in the
framework, is: What is the role of the breed?

The provision of ecosystem services may be directly
linked to specific abilities of the animals of the breeds
involved. In Creole cattle, for instance, a signature of
selection has been identified in the genomic region
that can be linked to the strength and the shape
of the horns, directly inherited from their use as
draught animals (Naves et al, 2011). Resistance to
specific sanitary problems, such as internal parasites
in Creole goats, or to ticks and associated infectious
diseases in Creole cattle, also help provide some
ecosystem services (Naves et al, 2011). The integrated
management of these diseases enabled by the use of
resistant animals reduces the need for treatment, in turn
reducing the quantity of chemical residues in edible
products, but also in animal dung, which may be useful
in agroecological or organic production systems.

However, the animals’ specific abilities are not
sufficient to describe all the characteristics of the breeds
that can play a role in the provision of ecosystem
services. The Raiole, Caussenarde des Garrigues and
Rouge du Roussillon breeds, for instance, show that
breeds also play a role in gathering together a
group of farmers who exchange breeding animals,
technical knowledge or projects to add value to
products (Nozieres-Petit and Lauvie, 2018).

The appropriate scale to identify the provision of
ecosystem services is the ecosystem (or the farming
system as far as farming activity is concerned); as a
consequence, the breed is one of the elements in the
system that can contribute to their provision (Martin-
Collado et al, 2019).

Relevant concepts in the literature to better identify
the role of the breed are not specifically related to the
notion of ecosystem services. The most relevant concepts
to identify the role of the animals’ specific abilities
are two concepts from animal sciences: the concept of
animal abilities and the concept of animal performances.
Those concepts are used to describe specific biological
characteristics of animals that are useful in livestock
farming (directly linked with food production, like milk
yield, or indirectly linked with food production, like the
walking ability of animals, which is useful in pastoral
systems).

A global term, often used for local breeds, covering
their functional abilities, and not only their productive
feature, is the hardiness of animals. Hardiness covers a
wide range of abilities which depend on the situation
and the point of view, as described by Hubert (2011).
Being hardy means being not very demanding and
therefore enabling the herd to survive even in harsh
conditions (Poussard et al, 2016). The hardiness of
a breed is difficult to measure and even to define
precisely, as it covers a set of different animal functions
interacting with the environment. Moreover, these
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functions are more difficult to evaluate than productive
traits (e.g. milk yield, protein content, daily gain,
etc.). But such abilities are highly valued in non-
intensive farming systems and can be directly linked
with the provision of ecosystem services (Naves et al,
2011; Marshall et al, 2016). They generally result
from long-term breeding and from natural selection
of the animals in specific environments, and are
now being increasingly elucidated thanks to recent
genomics technologies (Amills et al, 2017). For example,
a complex trait such as the adaptation to climatic
stress or the ability to walk is very useful in pastoral
management, and some specific physical attributes
useful in such conditions are present in local breeds
(for example, short hair, dark hooves or a hump in
cattle) (Naves et al, 2011; Flori et al, 2012).

However, these concepts from animal sciences are
not sufficient to describe other dimensions that are not
biological but that may also be involved in the provision
of ecosystem services, for instance, the ability to trigger
collective action. As a consequence, we propose to
use the term ‘breed attributes’ to cover characteristics
of breeds that are both biotechnical (abilities and
performances) and sociotechnical. In this definition,
both the ‘ability to exploit native vegetation in pastoral
systems’ and the ‘ability to trigger a collective action’
could be considered as complementary breed attributes
and combined in underlying processes to produce a set
of ecosystem services.

Relations between services

The third question regarding the second item of the
framework is: ‘What are the interactions with other
services?’

Our case studies also underline the fact that diverse
ecosystem services are interrelated. For instance, in the
case of Räıole, Caussenarde des Garrigues and Rouge
du Roussillon breeds, we identified interactions among
ecosystem services: some services result from others,
like the contribution to wildfire prevention that results
from the animals’ capacity to graze local resources.
Some services are divisions of others: ‘participate in
education’ is a subset of the service ‘the social role
of livestock farming’. Several ecosystem services are
produced jointly in similar farming systems (Nozieres-
Petit and Lauvie, 2018). For instance, farms using the
Corsican sheep breed produce milk, processed into
cheeses and whey cheese (on farm or in industrial
dairy plants); and they also help maintain the pastured
vegetal resource, thus indirectly helping shape the
landscape and preventing wildfires. Creole cattle raised
for meat production and manure provision are tethered
in natural savannahs, sustaining small-scale family
farms, while shaping the typical hilly landscapes of
Guadeloupe (mornes). Direct provisional services can
be reinvested through the loop of cultural service since
they enhance gastronomy, with dishes like goat curry
in Guadeloupe, or can provide raw material for the
production of musical instruments. The use of goats

in Hindu sacrificial rites in Guadeloupe or in Reunion
Island illustrates a case of service (with a cultural and
religious dimension) that over time has enhanced the
development of the entire goat meat sector (service
provision).

‘Bundles of services’ is a useful notion in the literature
to jointly consider a diverse range of services produced
in similar farming systems, and it can help tackle
synergies and trade-offs between services (Cord et al,
2017; Dumont et al, 2019).

Links between services and management of
the breeds

The last item in the framework is: What are the links
with the management of the breed?

We found examples in the case studies in which
the intentional production of a new service engendered
changes in the collective management of the breed. For
instance, for the Räıole breed, the farmers developed
collective marketing of the wool, and during the sale
of rams organized by the breeders’ association, they
provided information to farmers about the wool quality
of rams sold, so that they could consider it in their choice
of a breeding animal (Lauvie et al, 2017).

Biodiversity and ecosystem services are often closely
linked. For instance, Mace et al (2012) underlined how
biodiversity generally plays a key role in ecosystem
services provision, as a regulator of underpinning
ecosystem processes, as a final ecosystem service, and
as a good subject for valuation. This link between
services and management of the breed feeds the
question of the links between services and biodiversity
dynamics. Indeed, collective management of the breed
is an important lever of livestock biodiversity dynamics:
through the collective choice of selection criteria that
influence the direction of breed management, but also
through collective promotion actions that can have an
impact on the number of animals, for instance.

Discussion

In this paper, we used several case studies to explore the
question of the multiple benefits of farming systems that
use livestock biodiversity and developed a framework to
address the processes underling the ecosystems services
provided by them.

One of our aims was to discuss the extent to
which the notion of ecosystem services is useful to
deal with these multiple benefits. Services are indeed
increasingly taken into account in livestock farming
research (Rodŕıguez-Ortega et al, 2014; Alexandre et al,
2014; Ryschawy et al, 2017; Dumont et al, 2019). Steger
et al (2018) argue that the diversity of definitions
and approaches in ecosystem services research has
prevented it from being structured by a single discipline,
and maintained it as a boundary object. Choosing the
ecosystem services notion as an entry point of our
analysis did not provide us with a turnkey approach,
but rather gave us room to include different visions
(and notions) of animal scientists, social scientists
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and economists in our analysis. Some of the concepts
associated with ecosystem services in the literature
appeared to be relevant to our empirical findings in case
studies (e.g. the bundle of services) or fed our reflection
on the processes underlying the provision of services
(e.g. the beneficiaries). However, we also considered
other concepts, not related to the ecosystem services
literature, which were useful in our analysis, like the
concept of animal abilities used in animal sciences.
Choosing the notion of ecosystem services as an entry
point also favoured a systemic analysis. Indeed, such
a view is central to our communities as the farming
system is a key notion, particularly for the livestock
farming systems community (Dedieu et al, 2008). The
meeting point of systemic views in several scientific
communities is the agroecosystem. However, the view
on agroecosystem might favour complementary foci
depending on the communities, which could enrich each
other. To go further, it would indeed be interesting
to broaden our already multidisciplinary vision by
including the points of view of ecological scientists in
our framework.

Other notions or theoretical frameworks could also be
adapted to tackle the question of the multiple benefits
obtained by farming systems which use domestic
animal biodiversity and are complementary to the
ecosystem services approach. The notion of multi-
functionality, for instance, is equally constructed and
situated (Barnaud and Couix, 2020), and makes it
possible to consider the different functions of farming
activities. Huang et al (2015) reported the proximity
of the scientific communities that use multifunctionality
and ecosystem services concepts when dealing with
agriculture. However, the entry point of the approach
is agricultural activity whereas the entry point of the
ecosystem services notion is the ecosystem. Huang
et al (2015) pointed out that the two approaches
would benefit from being integrated, and Barnaud and
Couix (2020) associated them by using an ecosystem
services lens to answer a multifunctionality question.
The framework proposed by D́ıaz et al. (2018) is another
relevant framework for our purpose. D́ıaz et al. argued
that the “Nature’s Contribution to People” (NCP), the
core concept of this framework, is a concept which
makes it possible to go beyond some of the limits of the
ecosystem services concept, in particular to respond to
criticisms regarding the lack of social and humanities
sciences involved. This framework indeed emphasizes
the importance of the cultural context in understanding
NCP, which our case studies highlight. D́ıaz and her
colleagues’ proposal led to a broad debate on the
real novelty of the concept compared to ecosystem
services (Braat, 2018; Faith, 2018; Peterson et al, 2018).
Without going further in this debate, we note that the
use of the word ‘nature’ (instead of ‘ecosystem’) as
the subject of the contribution, and the people only
as the beneficiaries, can question the importance of
human action in the production of several of these
services. As noted by Peterson et al (2018): “a focus

on ‘nature,’ therefore de-emphasizes the ecosystems that
are home to and provide the necessities of life to most
of the world’s population”. In our case, the services are
clearly co-produced by humans and animals in farming
systems and talking about them as NCP may seem
counterproductive.

The framework we propose in this paper is the
first step in identifying and understanding the services
provided by farming systems using livestock biodiversity.
This framework could however be put to the test
and enriched by applying it to other cases. Steps
to enrich it could be to include the points of view,
values and practices of the different stakeholders
involved. Answers to the questions proposed in the
framework can consequently include a diversity of
points of view. The interest of the framework is
not to provide an irrevocable single answer to each
question, but rather contribute to better understanding
the processes underlying services production, in their
complexity. However, this framework cannot be used for
a quantitative assessment of the dynamics of livestock
biodiversity or the values of services. The framework
can contribute to better understanding the link between
livestock biodiversity dynamics and the provision of
services in the farming systems concerned. Indeed,
from a perspective of livestock biodiversity management
and conservation, one of the scientific challenges is
to understand the issues underlying the management
dynamics of each breed, the corresponding management
objectives, and their translation into practices, at both
individual and collective levels. This will be a key step in
understanding whether or not the provision of services
production is at stake for the people concerned. In
our framework, we gathered important items to be
taken into consideration to analyze the dynamics of
services produced as social constructs and to understand
the underlying processes. Such an approach implies
including a diversity of biotechnical and sociotechnical
dimensions, and accounting for their interactions and
their dynamics in multiple services over time. The notion
of ‘breed attributes’ actually helps explain how livestock
biodiversity contributes to the provision of ecosystem
services. We propose this notion to describe not only the
biological but also the sociotechnical characteristics of
breeds. Our aim is not to objectify the role of a given
breed in providing a given ecosystem service (Martin-
Collado et al, 2019). As ecosystem services are seen
as constructs and breeds are seen as dynamics (and
not categories with static properties), our aim is rather
to question whether accounting for the wide range
of productions (including the different services) of
farming systems using local breeds would enable a
better understanding of the overall dynamics of livestock
biodiversity conservation and management .

To conclude, if the ecosystem services notion can help
include different visions and develop a multidisciplinary
approach, it is not the only notion that can be used
to tackle the question of the multiple benefits of
farming systems using local breeds. Understanding the
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processes underlying service production requires going
even further in developing interdisciplinary approaches.
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(Paris, France: INRA Editions).
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König, A., and Barnaud, C. (2018). How can inte-
grated valuation of ecosystem services help under-
standing and steering agroecological transitions? Ecol-
ogy and Society 23(1). doi: https://doi.org/10.5751/
ES-09843-230112

D́ıaz, S., Pascual, U., Stenseke, M., Mart́ın-López, B.,
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