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Abstract

A major challenge for livestock farming systems (LFSs) is to reconcile production with the

management of natural resources, especially biodiversity and ecosystem services. Based on a

review of research conducted on grassland- and rangeland-based LFSs, this paper addresses this

challenge by analysing biodiversity as a product of and a key resource for LFSs. Although

most studies reveal antagonisms between biodiversity and production, our findings show that it

is possible to move towards synergies. The literature review sheds light on five points: (i) moving

beyond an antagonistic view of biodiversity and production by considering biodiversity as

a resource requires new criteria for biodiversity categorization from a taxonomic view to a

functional one; (ii) functional biodiversity (both domestic and wild) considered as a resource

provides beneficial properties (e.g. stability and resilience) to LFSs; (iii) links between production

and biodiversity cannot be simply summarized as having a negative impact of production

intensity as management practices have various impacts on the different components of

biodiversity; (iv) impact assessment studies linking management of LFSs and biodiversity reveal

complex multi-level interactions between grassland or rangeland management and biodiversity;

(v) a large range of management options are available to move towards biodiversity-

based LFSs. We conclude that future research should address the challenge of collective

management of wild biodiversity at higher levels of organization (landscapes, territories, etc.)

and that such collective management would greatly benefit from the experience of domestic

biodiversity.
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Introduction

Combining efficient livestock farming with biodiversity

conservation and environmental protection is a societal

challenge. A first approach consists in intensifying live-

stock production on part of the land and maintaining

natural areas on other parts. This approach, known

as land-sparing [1], has several drawbacks such as not

considering interaction between land-uses: [2]. A second

approach, known as land-sharing [1], consists of using all

land for production with a moderate degree of land

use intensity. This approach seems particularly sound

in Europe, where the so-called ‘natural’ areas, such as

permanent grasslands or forests, are human-made

areas whose characteristics are closely linked with the

production that they host [3]. Removing the productive
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activities from these areas would therefore make little

sense. Grassland and rangeland accounting for about 38%

of the European agricultural area [4], livestock farming

systems (LFSs) become a key component of biodiversity

management in the land-sharing perspective and a key

activity for the maintenance of High Nature Value farm-

lands, which are critical for the provision of ecosystem

services [5, 6].

Considering growing human population, shift in dietary

preferences in developing countries towards animal pro-

ducts, and the increased use of arable land for biofuels,

the development of biodiversity-friendly LFSs cannot

overlook production objectives [7]. Thus, the land-sharing

option appears both logical and necessary given the

anthropogenic origins of European rangelands and grass-

lands as well as the necessity to maintain high levels

of production. But how can one reconcile agricultural

production and biodiversity conservation in LFSs? An

increasing number of studies claim that such reconciliation

could be achieved within the agroecological framework

[8]. Although convincing results have been reported in

plant production [9], the application of agroecological

framework to LFSs is still in its infancy [10, 11]. In their

agroecological framework for LFS, these authors envision

biodiversity as a key element of two supporting principles

necessary to extend agroecological thinking to livestock

production. These include: (i) enhancing diversity within

animal production systems to strengthen their resilience

and (ii) preserving biological diversity in agroecosystems

by adapting management practices.

Despite the recognition of the potential role of bio-

diversity in LFS, the knowledge landscape is still frag-

mented. Many studies addressed both the positive

and negative impacts of grassland and rangeland manage-

ment on biodiversity. In parallel, an increasing number of

studies are addressing the effects of biodiversity on pro-

duction. However, there is still a gap to bridge between

these two groups of studies and effective knowledge on

how farming practices may drive the agroecosystems

towards the required patterns of biodiversity is still

lacking.

The objective of this review was to go beyond the claim

that agroecological framework will reconcile biodiversity

and livestock by synthetizing current knowledge on

management options and by presenting still open research

questions for how this could be achieved. Based on a

literature review, our analysis focuses on grassland and

rangeland based LFSs in Europe and discusses a diverse

set of studies that address the reciprocal links between

LFSs and biodiversity. In the first part of the review,

we approach biodiversity as a resource and explore its

functional role in LFSs. In the second part, we approach

biodiversity as a product of grassland and rangeland based

LFSs, by addressing the impacts of management on bio-

diversity. We finally review a large set of both individual

and collective management options aimed at reconciling

biodiversity and livestock farming.

Biodiversity as a Resource for LFSs

Plant, animal and microbial biodiversity generate essential

ecosystem services for agriculture, such as pests and

diseases regulation, pollination, soil fertility and regulation

of water use efficiency [12–14]. However, the biodiversity

functions and processes involved in production are still

poorly understood, and in return the role of LFSs in

biodiversity or ecosystem management is rarely discussed.

Benefits of animal diversity

Several research works show that animal diversity

improves resource use [15, 16]. Multi-species grazing

favours complementarity in resource use among the dif-

ferent animal species, which improves the overall use of

plant communities [17]. It also strengthens resilience to

economic perturbations [18, 19], and reduces animal

parasitism [20]. Intra-specific diversity provides several

advantages such as a buffering effect at herd level (review

in [10]). However, the maintenance of such diversity

clearly requires complex management that goes beyond

the animal level.

Benefits of plant diversity

At the farm level, plant diversity is a key factor of inter-

field heterogeneity that, in addition to topographic fac-

tors, determines the types of management that the farmer

would implement [21]. Moreover, the use of diversified

fields based on combinations of different plant species

buffers inter-annual productivity, and leads to increased

management flexibility [22, 23]. At the farm level, fodder

system security is increased by the diversity of the

resources used by the herd at different periods of the

year [24, 25].

At the field level, it is too often assumed that increased

levels of biodiversity (e.g. species richness) will auto-

matically result in high levels of production, higher levels

of ecosystem services and reduced negative externalities.

But the question as to whether high levels of biodiversity

are required for a better functioning of the ecosystem is

still highly debated when it comes to agroecosystems. The

well-studied example of grassland production provides

two points of view: on the one hand, several experiments

report that a diversity of species increases productivity of

grasslands compared with monocultures (e.g. [26–28]).

On the other hand, other experiments show that this

diversity effect saturates at low levels of species richness

and that fertilized systems outperform unfertilized ones

while leading to a specialization of the plant community

[29]. These contrasted evidences illustrate how mislead-

ing a simplistic view of the links between biodiversity and

production can be. Agroecology is based on a more

complex idea than assuming that high biodiversity per se
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will improve ecosystem functioning. It hypothesizes that

some (not any) ecological processes (e.g. pest predation

and nitrogen fixation) have positive effects on production

and can be used to replace the use of chemical inputs. The

whole question is then: ‘what are the desired patterns of

biodiversity for the farmer and how could she/he design

the agroecosystem in order to favour these desired pro-

cesses?’. Answering this question requires a functional

view of biodiversity, similar to the one developed in

community ecology. It hypothesizes that the functioning of

the ecosystem depends more on the types of interactions

between species than on the number of species itself

[30–32]. Therefore, the criteria for functional typologies

of biodiversity, seen as a resource, are not given, a priori,

in relation to the naturalist categorization (e.g. a list

of species) but are dependent on the functions looked

for. New criteria have to be defined according to the

function of biodiversity within the farming system, and

may or may not correspond to naturalist categories

[33, 34].

Numerous works on permanent grasslands expanding

the ecological life traits approach to agronomic criteria

go further by relating how difference in growth patterns

among species can provide different resources valorized

in the feeding system [35]. They provide different typo-

logies relating species assemblages to quantitative and

qualitative levels of forage production [36]. These works

link the field-level patterns of plant diversity with different

types of feeding resources for domestic herbivores (e.g.

early and short biomass production or late and hetero-

geneous biomass production) and different management

systems. The limit of this approach is to consider only

a part of the available diversity (ligneous species are

excluded) and not to be able to predict trends over time

of species assemblages.

The low predictability of biodiversity patterns is an

important constraint to consider for the design of new

management practices. Differences between response and

effect traits may explain this low predictability. Functional

approaches of ecology categorize biodiversity based on

functional traits that may be of two types: response traits

(how the species reacts to perturbations) and effect traits

(how the species impacts the ecosystem). One major

difficulty with such a functional view is that effect traits are

the one that can be linked to ecosystem functioning, while

it is the response traits that are impacted by management

[37]. The whole challenge is then to find the links between

response and effect traits and ultimately link them to

ecosystem services [38, 39].

Biodiversity as a Product of Management

Practices

When considered as resources, plant and animal bio-

diversity may have strong positive effects on LFSs. The

issue is then how to manage the agroecosystem to create

and maintain the desired forms of biodiversity. Researches

focused on wild biodiversity showed that farming activities

are necessary to maintain grassland habitats, but that

some management practices have strong negative impacts

on biodiversity.

The multiple impacts of grazing and mowing on

biodiversity: underlying mechanisms

Grassland and rangeland biodiversity is highly depending

on farming activities [40]. Few studies have been con-

ducted on the effects of grazing and mowing on soil bio-

diversity and no clear pattern has been found (e.g. [41]),

we therefore focus here on aboveground biodiversity.

Plant and animal biodiversity is shaped by mowing and

grazing practices. These practices, whether combined

with fertilization or not, have a major effect on the struc-

ture and composition of the plant stratum, which in turn

influences other taxa (e.g. arthropods, mammals and

birds) that spend all or part of their life cycle in grasslands

and rangelands. These indirect effects mainly operate via

vegetation structure, which is one of the major drivers of

biodiversity in these types of habitats. Direct effects,

which are related to trampling or disturbance by domestic

animals, also impact arthropod and vertebrate bio-

diversity.

Shaping plant communities

Grassland plant biodiversity depends on field-level and

landscape-level interactions. Many studies examine the

field-level impact of grazing on the floristic composition

of permanent grasslands (e.g. review in [42, 43]). These

studies show that beyond soil characteristics and

environmental conditions that act as a first filter, plant

diversity is shaped by the interaction of management

practices with the level of fertility. The more fertile the

environment and the more intensely grazed the grassland,

the lower the number of plant species will be (ibid). The

meta-analysis by Scohier and Dumont [44] on sheep-

grazed grasslands shows that species richness is poorly

correlated with the overall grazing intensity. However,

frequent shifts in the grass community are observed along

the grazing-intensity gradient. This suggests that more

complex mechanisms link grazing intensity to community

composition rather than to community size. The effects of

grazing on species richness and functional traits of plants

are synthesized by Gaujour et al. [45]. Their review sug-

gests that the field-level effects of management practices

on plant communities are modulated by the character-

istics of the surrounding landscape. At the field level, they

stress that (i) grazing and trampling alter the structure

of the grass cover, which creates gaps that favour species

richness, and these effects are dependent on stocking

rate, season, and grazing species; (ii) fertilization leads to

a decrease in species richness, although some species

benefit from organic fertilization; and (iii) mowing at low

http://www.cabi.org/cabreviews

R. Sabatier et al. 3



frequencies leads to higher species richness than grazing,

but this effect strongly depends on mowing frequencies

and dates. The authors conclude that landscape-level

effects have major importance because they act as filters

on plant diversity. Mechanisms at this level are less clear.

Higher levels of heterogeneity increase species richness

primarily by increasing the number of habitats. Fragmen-

tation both reduces the size of the fragments (reducing

species richness) and increases the size of field boundaries

and associated edge effects (increasing species richness).

Connectivity favours species richness by fostering certain

species (but not all species). Plant biodiversity therefore

depends on the interaction between local mechanisms

and landscape filters.

Structuring vegetation

Grazing and mowing do not only impact the composition

of the plant communities but also change the structure of

the vegetation, i.e. average grass height and heterogeneity

of grass height. Mechanical mowing either aimed at pro-

ducing hay or silage leads to homogeneous structures and

abrupt temporal shifts in grass height, while grazing leads

to more heterogeneous structures and more continuous

changes in grass height. The effects of grazing differ

depending on the grazing species and the stocking rates.

The feeding behaviour of cattle leads to more homo-

geneous vegetation than that of sheep or horse. Cattle

exhibit low selectivity: the ripping behaviour of cattle as

well as the anatomy of their mouth does not enable the

selective grazing of short grasses, which results in a

relatively homogeneous grazing pattern [46]. By contrast,

sheep and horses can graze short grasses and focus

their grazing on specific areas, which results in a more

heterogeneous grazing pattern [46]. Horses concentrate

their dung in specific areas where they do not graze.

At intermediate stocking densities, this specific feeding

behaviour leads to differences in vegetation height in un-

grazed and grazed areas, thus increasing heterogeneity

[46, 47]. Vegetation heterogeneity also changes with

grazing intensity, as shown by Scohier and Dumont [44].

In addition to these field-level processes, the differences

of management regimes among fields also lead to land-

scape heterogeneity of grass heights [48]. Finally, these

effects of grazing and mowing shape the structure of

vegetation that defines the type of habitats and available

resources for arthropods and vertebrate species.

Diversifying habitats of arthropod communities

A number of studies quantify the effects of grazing on

arthropods (insects and arachnids) at field level (Table 1).

Field-level richness is strongly impacted by the diversity

of surrounding habitats [55] as well as by local practices.

Grazing at a low stocking rate promotes vegetation

heterogeneity and plant species richness, increases (the

number of) available resources, and promotes the species

richness of arthropods. High grazing intensity leads to an

overall simplification (and specialization) of arthropodT
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communities. But not all species follow these patterns and

communities show both winners and losers to grazing

intensification. As a matter of facts the gamma (landscape-

level) arthropod species richness of a patchwork of fields

managed with a diversity of regimes exceeds the highest

alpha (field-level) species richness that can be achieved

with a single management regime [56]. In the same man-

ner, a homogeneous landscape, especially when mowing is

synchronized over the landscape, leads to homogeneous

grass covers and decreases the gamma species richness

of arthropods. Simple landscape level measures like de-

synchronization of mowing are expected to compensate

for this biodiversity loss [57].

The results investigating the effects of stocking rate

on species abundance are less clear, but high stocking

rates appear to have a negative effect on some taxa

[58]. Grazing also causes trampling and soil compaction,

thereby limiting the abundance of soil arthropods [59].

High grazing intensity is beneficial to arthropod species

that prefer short vegetation and dung scavengers; for

other groups, maximum levels of abundance and diversity

are attained in taller and lightly grazed vegetation (review

in [60]).

Impacting directly and indirectly habitat, food and nesting

success of birds

In studies that address management impacts on vertebrate

biodiversity, grassland birds are by far the most studied

taxa and the only one from which general conclusions

can be drawn. Grazing and mowing affect flora and arthro-

pods, and thereby change the availability of food resour-

ces for grassland birds foraging on plants and arthropods.

The loss of plant diversity in intensive grasslands intro-

duces temporal discontinuities in the availability of food

resources for seed eaters [61]. Early mowing prevents

grasses from reaching maturity and shedding seeds, which

reduces the quantity of available resources for seed eaters

[62]. The impact of grazing and mowing on the abundance

and species richness of arthropod communities is con-

sidered as one of the causes for the decline in grassland

bird populations [63]. However, the availability of food is

not the only factor. Accessibility to food resources, which

is determined by the structure of the vegetation, adds

further complexity. Although short vegetation provides

lower abundance of food resources than high vegetation,

it may facilitate the search for and access to food re-

sources. For some grassland bird species, resource

accessibility may play a greater role in nest site choice

than the abundance of food resource itself [64]. There-

fore, favourable grasslands (in terms of food) are the one

that offer a good compromise between quantity and

accessibility to arthropods [65].

Many grassland birds nest on the ground and are sen-

sitive to vegetation height and heterogeneity – two key

variables that contribute to the quality of the habitat. The

vegetation is homogeneous when the average height is

either low or high, and heterogeneous when the average

height is intermediate [66]. Both variables have a strong

influence on nest site selection, food access and avail-

ability, as well as on predation risk [67]. The character-

istics of suitable breeding habitat are well documented

for waders (review in [48]). The review of European

studies of a large range of grazed and mown grasslands

shows that each species has specific preferences, ranging

from short (< 15 cm) and homogeneous vegetation

for the Northern lapwing (Vanellus vanellus), to taller

(>25 cm) and heterogeneous vegetation for the Common

snipe (Gallinago gallinago). These differences in eco-

logical requirements suggest that a diversity of manage-

ment practices is a key to maintain the wader community.

However, little is known about the effect of landscape-

level management practices on grassland birds. The few

landscape-level studies tend to confirm the concept

that fragmentation impairs biodiversity [68, 69], but the

underlying mechanisms are not completely understood.

Landscape heterogeneity seems to have positive effects

because it provides a diversity of habitats for birds [70].

However, recent results suggest that heterogeneity

does not impact equally all bird species, with grassland

specialists being negatively impacted by configurational

heterogeneity [71].

Several studies quantify the direct effect of grazing on

bird populations, such as the destruction of nests by

trampling [72, 73]. This trampling effect depends on the

stocking rate, the length of the grazing period [74, 75],

and the bird and grazer species considered [72].

Trampling directly impairs bird fecundity and is frequently

used to justify livestock exclusion in the springtime.

However, as long as grasslands are a resource for feeding

domestic herds, and mowing and grazing are essential

for the maintenance of grasslands in a favourable state

for biodiversity, it seems necessary to seek solutions to

overcome the paradox between the direct negative effect

and indirect potentially positive effect. As showed above,

this finding is not limited to grassland birds and remains

true across taxa. Managing vegetation structure is central

in biodiversity management and is the source of a trade-

off between two types of performances: production and

biodiversity.

Direct interactions between domestic grazers and wild

mammals

Studies addressing the interactions between LFSs

and wild mammals remain sporadic. They mainly consider

direct negative interactions between domestic and wild

animals, either regarding disturbance of wild animals by

domestic ones (e.g. [76, 77]), risks of disease transmission

(e.g. [78, 79]) or predation by large carnivores (e.g. [80]).

However, these studies are local and still too scarce to be

generalized across a wide range of systems.

Managing the production/biodiversity trade-off requires

the consideration of two limitations in the previous

studies. Firstly, most studies are conducted in the short-

term, measure impacts at one point in time and thus give
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little attention to the dynamics of interactions between

biodiversity and agroecosystem management. Secondly,

many studies are conducted at the field level and ignore

interactions that may occur at upper levels of organiza-

tion. In the next section, we review management options

that could balance both productive and ecological per-

formances at different levels of organization, including

field, farm and landscape.

Options for reconciling productive and ecological

performance

Options based on individual management

Modulating the timing of management. Management of

the biodiversity of the agroecosystem is not limited to

the choice of species and varieties to be seeded in

the grassland or of the animal breeds grazing. At the

plot level, it also includes orienting community composi-

tion through grazing and mowing. It has long been

recognized that traditional farming had high importance

for nature conservation (e.g. [3, 81]) but achieving

both high level of production and high ecological outputs

requires moving a step further and inventing new

systems of production. The long history of researches

on the impact of management on wild patrimonial bio-

diversity gives interesting insights on how domestic bio-

diversity could be managed. Regarding grassland birds

that are particularly well-studied taxa, several studies

address the trade-off between production and ecological

performance. These studies generally conclude that

intermediate levels of production are best for diverse

metrics of ecological performance [82–84]. However,

improving the ecological performance of a highly pro-

ductive grassland system does not simply consist in

de-intensifying it. Using a dynamic model accounting

for both direct and indirect effects of grazing on popu-

lation dynamics of two grassland birds (Northern Lapw-

ing, V. vanellus and Common Redshank, Tringa totanus),

Sabatier et al. [85] show that for a given level of pro-

duction, different timing of management can lead to dif-

ferent ecological performance. The management practices

that are the most suitable to the two bird species are

characterized by a fine adjustment of the timing of grazing

(i.e. temporal heterogeneity of grazing). Similar results are

recently reported on arthropods (Lepidoptera) with an

experimental approach and show that modulation of the

timing of grazing improves species richness without

harming agricultural production [86].

Managing the plant animal interface. Transferred to bene-

ficial biodiversity (i.e. biodiversity having positive effects

on LFS) these findings highlight the central role the

management of the animal/plant interface. With regards

to grazing, management can be designed to control un-

desirable vegetation dynamics [87]. Categorizing plant

diversity on heterogeneous rangelands or grasslands as

food items for animals helps finding grazing management

options to control invasive species. Such management

options include choosing the livestock breed as well

as the individuals within the flock for their specific

learnt behavioural capacities [16, 88], and organizing

the grazing routes to increase the consumption of domi-

nant or invasive species [89]. But dominant woody plants

do not necessarily need to be eradicated. Their stems,

fruits, and shoots provide a key resource for the

grazing animals when resource of grass species becomes

exhausted [33, 90]. These food items also increase the

robustness of the grazing system to climatic uncertainty

as well as its adaptive capacity [91]. Understanding the

dynamics of foraging behaviour on woody plant species

and analysing plant population demography enables the

design of multifunctional management that valorizes the

woody resource and amplifies the consumption of target

vegetation for the control of shrub demography [92].

It is moreover important to consider the phenology of

other species that could stimulate or inhibit animal con-

sumption of the target plant organs [93].

Management at the farm level. Specific management of the

plant animal interaction at field level is more than simple

technical adjustments and also implies changes of the

whole LFS [94]. At the field level, a variety of management

practices is required to handle resource diversity and

cope with pervasive uncertainty [95]. Conversely, species

diversity in grasslands has significant insurance values for

risk-averse decision makers [96]. Adjustment in manage-

ment practices takes a variety of forms (e.g. modulating

herd size, diet composition, haymaking and feed stocks)

and each practice can have short- and long-term impacts

on both productivity and profit [97]. At the fodder

system level, a diversification of resources (e.g. feeding

strategy mainly based on silage maize versus based on a

combination of different forage resources) can help adapt

to climate change [98]. At the farm level, exploiting

the diversity of resources (e.g. field types) may require

extensive redesign of the system [21]. Such a redesign,

in the sense of Hill and MacRae [99], will require a func-

tional view of biodiversity and a better understanding

of the role of biodiversity at different levels of organiza-

tion of LFSs.

Research on wild patrimonial biodiversity also show

that farm is a relevant level of organization to observe

the effects of management practices on biodiversity

[100] and to implement agri-environment schemes
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(AESs) [101]. Several modelling studies report that the

proportion of land-uses of different types determines

the trade-off between production and ecological per-

formance: e.g. floristic species richness [102] or bird

abundance [103]. Besides this effect of land-use propor-

tion, the trade-off between production and ecological

performance also depends on a farming system effect

[102, 103].

Adopting result-oriented AESs. Benefits of biodiversity go

beyond the border of the farm and the farmer is rarely the

only one benefiting from it. A common situation is when

the benefits of local actions are shared among a variety

of stakeholders (farmers and non-farmers). AESs are

European public policies designed to compensate the

farmer for such situations where management practices

that benefit other persons involve high individual cost.

They generally consist in a set of farming practices con-

sidered as benefit for the environment that a farmer may

choose to adopt in exchange of compensatory subsidies.

In this form, they are called action-based AESs. Such

action-based AESs results in poor effects of AESs on

biodiversity [104] and low commitment of farmers to

conservation issues that are perceived as constraints to

comply with. An alternative to standard action-based

schemes would be to pay farmers for the production of

biodiversity through result-oriented schemes [105–107].

In these schemes, farmers are not told how to modify

their management practices, but are left free to experi-

ment, choose, and adapt practices that favour biodiversity

in the local context. This approach results in greater

management flexibility and improves farmers’ ability to

adapt to environmental variations [108]. Result-oriented

pilot schemes are well received by farmers, who value

the recognition of their expertise and responsibility for

sound land management [109]. Moreover, some of these

schemes are not limited to the field level, and the first

experiments at the landscape level offers promising

results [110]. However, existing result-oriented schemes

provide limited effectiveness in the sense that they are

generally implemented on grasslands where there is little

risk to miss the result [111]. In their current embryonic

stage, result-oriented schemes seem more efficient

to slow down the collapse of biodiversity than to recover

from this collapse. Result-oriented schemes still face

legal issues because the Rural Development Regulation

is based on a strict interpretation of the World Trade

Organization rules, which restricts AES payments to

compensation for additional costs or income foregone

due to the compliance with environmentally friendly

management prescriptions. This legal issue is, for example,

one of the reasons behind the abandonment of such a

result-oriented scheme in the Netherland [112].

Options based on collective management

Collective management of landscapes to favour wild bio-

diversity. The landscape is also a promising level at which

new ways of management can be implemented [57, 70].

Recent studies, still on the example of grassland birds

show how the spatial configuration of a grassland land-

scape makes it possible to increase bird populations for a

given level of grassland production [113]. These results

apply to landscapes composed of land uses that comple-

ment each other from an ecological point of view [114].

They are consistent with other modelling studies per-

formed at the landscape level [115, 116], which indicate

that an increase in landscape heterogeneity favours bio-

diversity. These studies move beyond the advocacy for

landscape heterogeneity (e.g. [48, 56]) as they consider

more than the trivial effect of ‘one habitat = one species’

and ‘several habitats = several species’. They reveal the

importance of suboptimal habitats that are partially fav-

ourable to a given species. If no optimal habitat is available,

the presence of complementary suboptimal habitats may

be beneficial for the given species as long as landscape

configuration makes them accessible to this species. The

high proportion of such suboptimal habitats in agricultural

areas suggests interesting possibilities for modifying land-

scape configuration in order to better balance production

and ecological performance.

Acting at this level of organization requires coordina-

tion among farmers and in some cases coordination

between farmers and other stakeholders (e.g. citizens,

nature managers and hunters) [117]. Several AESs

have been developed at the territorial level (e.g. Envir-

onmentally Sensitive Areas in the UK) but generally did

not consider the collective dimension and corresponded

more to a delimitation of a territory were a wide number

of farm or field level individual measures would be

implemented. Very little processes of collective manage-

ment of wild biodiversity have been conducted but former

experiences of collective management of natural resour-

ces in a broader sense (e.g. [118]) pave the way to further

developments of such approaches on the specific issue of

biodiversity. The few attempts of collective management

of biodiversity at landscape level show promising results

(e.g. mosaic management [119]) by revealing the feasibility

of collective actions for biodiversity conservation. Wider

application of landscape-level collective management

will require organizational innovations. Collective man-

agement of wild biodiversity strongly benefits from the

identification of a common goal and showed promising

results when farmers regroup against a component

of biodiversity having a negative effect on livestock pro-

duction (e.g. tick control [120]). The question whether

management of wild biodiversity having positive effects on

production is feasible remains open. A limited number of

studies suggest that farmers may unite around landscape
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management for biodiversity when it becomes a factor in

the commercial development and value of their products

[121, 122], or when farmers acquire expertise in wildlife

management [123]. However, the number of studies

addressing this point being limited, further investigations

are still needed to understand to what extend wild ben-

eficial biodiversity may become a component of the

quality of animal products.

Collective management of animal breeds and plant varieties

Beside the management of wild biodiversity, farmers

also unite to collectively manage domestic one. Farmers

may have a better control on this biodiversity – they

have been creating and managing it since the early stages

of farming [124] – but similarly to wild biodiversity,

domestic biodiversity suffered from a steep erosion [125]

in Brush 2003) and issues of collective actions are

as complex as for wild biodiversity. Misguided objectives

for animal and plant breeding led to the erosion of both

inter- and intra-specific domestic diversity [126]. Humans

have grown up to 7000 different plant species, but only

150 of them remain cultivated and only 10 supply 90%

of agricultural production [127]. For animal species,

numerous breeds are reported at risk or extinct [128]

and the erosion is obviously as dramatic in livestock

breeds as in crop variety. Conservation initiatives for

domestic biodiversity multiplied in the last decades. The

advantages of local breeds are increasingly considered

in research programs, especially regarding the multi-

functionality (cultural dimensions, value-added products,

nutrient values, etc.) that they bring to LFSs (e.g. [129]).

In this perspective, a breed can be seen as an animal

population defined as a common good resulting from a

collective process of design [130]. Breed management is

not a simple process as it can suffer from antagonisms

between valorization of breed specificities and main-

tenance of breed diversity. In order to ensure the main-

tenance of local breeds, farmers need to obtain increased

added value from them. Local breed development en-

suring this added value differs within and among breeds,

either contributing to maintain diversity or generating

antagonism between breed specificities and diversity

[131–133]. For instance, inclusion of breed criteria in an

official quality label aims at protecting breed specificities.

But it also threatens them, by introducing new stake-

holders in the management who may involve changes in

selection criteria [134, 135]. The cultural dimension of

local breeds and the human dimension of their manage-

ment are now well recognized [136]. Local breeds are

also an important element of adaptation to the local

environment and to a diversity of constraints; they are key

assets for the development of agroecological breeding

programmes balancing production and adaptive traits

[11]. This adaptation can have both genetic basis (e.g.

[137]) and behavioural basis [138]. However, the relative

shares of the behavioural and genetic dimensions are not

well known and it is unclear whether benefits associated

with local breads reflect the adaptation of domestic bio-

diversity to local conditions or if they reflect behavioural

adaptations. Adaptation of local breeds should be better

studied, both from the animal viewpoint and from bree-

ders’ and other stakeholders’ viewpoint (e.g. [139]).

Special attention should be paid to management practices

themselves as they define the link between both view-

points. Understanding the adaptation of animal genetic

resources means understanding both animal and popula-

tion characteristics as well as the dynamics of adaptation

through their management.

The management of plant diversity has some peculia-

rities compared to the management of animal diversity.

To introduce and organize plant biodiversity in grasslands,

farmers have to overcome the lack of species diversity

available on the market. Pioneering farmers have orga-

nized themselves to produce the species diversity they

need within a community seed bank [140], in which seed

production is combined with participatory and evolu-

tionary plant breeding [141]. Participatory plant breeding

produces locally adapted plants with a high level of

diversity, which maintains plant adaptive potential

[142, 143]. These innovative approaches of plant breeding

have the potential to bridge the gap between production

and conservation, because farmers explicitly take the role

of domestic biodiversity managers. They acknowledge

that biodiversity is an important resource for their

LFSs, and acquire new expertise such as prospection,

qualification, traceability, reproduction, conservation and

selection. Implementing participatory and evolutionary

plant breeding programmes will, soon or later, challenge

the whole LFS, the level of intensification, and the rele-

vance of the endogenous components including animal

breeds.

Conclusions

This review explores how biodiversity considered as an

input/output resource can benefit LFSs. A large set of

studies, mainly based on the management of wild bio-

diversity, gives clues on how to manage this resource. It

shows how different options can be used to orientate the

dynamics of biodiversity and create beneficial forms

of biodiversity for LFSs. It also demonstrates that the

management of biodiversity shall not be solely considered

as a field level process involving a single farmer; it would

greatly benefit from upper level and collective manage-

ment. Options based on collective management are still in

their infancy and still experimental but examples of col-

lective management of breeds and plant varieties are good

examples of how this could be achieved. Under the light

of these findings, we conclude that research shall now

focus on the understanding and on the design of such

collective forms of management in order to provide

solutions promoting the development of biodiversity-

based LFSs.
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