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Abstract

Beekeeping has faced increasing difficulties during the past decades, among which is the decline in floral resources. Agricul-
ture provides essential floral resources for beekeeping, but some farming practices have also been shown to be responsible for
their decline. To provide floral resources for beekeeping, what type of agricultural transformation should be promoted, and
how? To answer these questions, we still lack knowledge about the floral resources that are used by beekeeping and about the
technical-economic obstacles that farmers face in implementing more favorable farming practices, particularly in agropastoral
settings. To help fill these gaps, we develop a novel approach that frames both agropastoral farming and beekeeping as farm-
ing systems, by characterizing the beekeeping systems of a given place, the floral resources they use, and the impacts these
farming systems have on floral resources. This approach is applied to the agropastoral landscapes of Mount Lozere, southern
France, using a methodology based on semi-structured interviews with farmers and beekeepers addressing the agronomical
functioning of their farms. We demonstrate that the floral resources used by beekeepers on Mount Lozere are threatened by
the current dominant agricultural development paths, which seek to maximize the material productivity of labor. Such paths
lead to the intensification of agricultural practices in harvested areas and the extensification of rangelands. These pathways
are reinforced by the low remuneration of agropastoral labor and by the current rules of the European Union Common Agri-
cultural Policy. “Frugal” farming, a farming system based on reduced inputs and investments, and labor-intensive practices,
namely, a labor-intensive use of pasture, seems an effective way to produce floral resources. Both, agropastoral farmers and
beekeepers, would benefit from an increase in the number of agricultural workers in agropastoral landscapes. This calls for
public policies that promote a better remuneration of agropastoral labor, either directly or by driving market mechanisms.

Keywords Farming system - Agrarian system - Agropastoral landscape - Sustainable resources management - Beekeeping -
Floral resources

1 Introduction

Floral resources, i.e., the nectar, pollen, and honeydew
collected by honey bees as feed, are central to beekeeping
(Decourtye et al. 2010; Bretagnolle and Gaba 2015; Kouch-
ner et al. 2019). In mainland France, agricultural floral
B< Gabriel Gonella resources, i.e., the floral resources provided by landscapes

gabriel.gonella@inrae.fr that are shaped by agricultural activities, are important as
they represent a large share of the floral resources exploited
by beekeeping. Specifically, more than half of the honey pro-
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) ) ) ) duced in 2021 relied on agricultural floral resources, which
INRAE, UR Abeilles et Environnement, 84914 Avignon, . . . .
France include, in decreasing order of importance, sunflower, rape-

3 ) seed, lavender, mountain, chestnut tree, and alfalfa honey
CIRAD, INRAE, Institut Agro, UMR Selmet, . . ..
34060 Montpellier, France (FranceAgriMer 2023). However, various indicators sug-
gest that floral resources, including those stemming from
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agriculture, have been declining since the Second World
War (Potts et al. 2010; Richner et al. 2015; Goulson et al.
2015; Bretagnolle and Gaba 2015; Aviron et al. 2023). The
scientific literature shows that the reduction in the diversity
of agricultural landscapes—including the diminution of the
area of semi-natural elements and the loss of melliferous
species biodiversity—has led to both a quantitative and
qualitative reduction of floral resources (Requier et al. 2015;
Alaux et al. 2017; Simanonok et al. 2020) and significant
resource gaps (Requier et al. 2015; Timberlake et al. 2019;
Simanonok et al. 2020). The decline in diversity is proposed
as one of the major drivers of the current difficulties of the
beekeeping sector (Decourtye et al. 2010; Potts et al. 2010;
Bretagnolle and Gaba 2015). It therefore seems crucial to
better understand the agricultural drivers of this decline.

While there is an increasing body of literature high-
lighting the importance of agricultural floral resources for
beekeeping, there is still a need to address the following
questions: in order to provide floral resources for beekeep-
ing, what type of agricultural transformation should be pro-
moted, and how should it be promoted? Yet to answer these
questions, we lack knowledge on two important elements of
agricultural floral resources. First, there is a need to under-
stand how beekeeping uses agricultural floral resources and
to assess the impact of the transformations of these resources
on beekeeping. Second, there is a need to understand how
agriculture produces these floral resources, notably by
identifying the driving forces behind the transformations of
agricultural floral resources and the levers and obstacles in
the adoption of farming practices that are more favorable to
beekeeping.

Little is known about the floral resources that are really
used by beekeeping, especially at the level of beekeeping
operations. Indeed, the impacts of the changes in agricultural
floral resources on beekeeping have been mainly assessed by
two strands of research. The first assesses these impacts on
the physiology of honey bee colonies. Certain studies have
shown that agricultural landscapes with few floral resources
make it difficult for honey bees to forage (Danner et al. 2016,
2017) and heavily affect the ability of managed honey bee
colonies to overwinter or to fight diseases (Baude et al.
2016; Alaux et al. 2017; Dolezal et al. 2019; Simanonok
et al. 2020). Another strand of research has addressed the
consequences of the changes in agricultural floral resources
on beekeeping at a broader regional or national scale. It has
been shown that such changes have put national beekeeping
sectors at risk (Durant 2019; Binimelis and Wickson 2019).
In turn, it has been shown that commercial beekeeping has
adapted to these new patterns of floral resources through
mechanisms that reinforce its dependence on agriculture,
such as transhumance to mass-flowering crops (Guillerme
and Maire 2018), or the involvement in pollination markets
(Durant 2019). Given that research has been focusing on
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opposing ends of the scale (national/regional scale or the
colony level), very little research addresses the way beekeep-
ers actually use agricultural floral resources at the opera-
tional scale (Adam et al. 2016; Adam 2019; Kouchner et al.
2019; Kouchner 2019).

Concerning the production of agricultural floral resources,
the literature points out several agricultural policies and mar-
ket mechanisms responsible for large-scale transformations
of agricultural landscapes, such as the conversion of mead-
ows to crops. While the presence of meadows and wooded
habitats is known to enhance the provision of floral resources
in agricultural landscapes (Smart et al. 2019; St. Clair et al.
2020; Langlois et al. 2020; Rivers-Moore et al. 2020), cur-
rent agricultural dynamics have led to a reduction of the area
suitable for honey production (Malkamiki et al. 2016; Otto
et al. 2016). Such dynamics have also led to a transformation
of the temporal patterns of floral resources, moving from
floral resources available all year long to poorly diversified
mass-flowering floral resources available over short periods
of time (Malkamiki et al. 2016; Durant 2019). At plot scale,
certain studies addressed the negative impact of practices
such as pesticide use (Decourtye et al. 2019), early mowing
(Fluri and Frick 2002; Hernandez et al. 2023), or the posi-
tive impact of various plot-scale floral resource management
practices (Requier and Leonhardt 2020; Nichols et al. 2022;
Hernandez et al. 2023) including flower strips (Baden-Bohm
et al. 2022) or intercropping (Decourtye et al. 2010). As
outlined above, research has largely concentrated on broader
regional or local plot level, with little investigation at the
farm scale. As a result, little is known about the technical-
economic obstacles that farmers face in implementing farm-
ing practices more favorable to floral resources.

Furthermore, the literature on agricultural floral resources
presented above tends to focus on lowland farming rather
than mountain farming. Mountainous agropastoral land-
scapes, characterized by the presence of meadows and semi-
natural habitats (Rieutort 2006), may constitute a refuge for
beekeeping operations facing agricultural intensification in
lowlands. In fact, interviewed beekeepers frequently present
them as such. In spite of being potential refuges for bee-
keeping, agropastoral landscapes are currently undergoing
agrarian changes that also seem adverse to beekeeping. Per-
manent meadows and rangelands are in decline, and these
areas tend either to be converted into croplands or temporary
meadows, or abandoned and colonized by woods (Oteros-
Rozas et al. 2013; Aubron et al. 2016, 2019; Garambeois et al.
2020). This article addresses the two abovementioned gaps
by drawing on research focusing upon the agropastoral floral
resources of Mount Lozere, in the south of France (Fig. 1).
More specifically, we address the following questions: (i)
what are the floral resources used by beekeepers on the
Mount Lozere? (ii) What are the impacts of agropastoral
farming on these floral resources? (iii) What are the drivers
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Fig. 1 Agricultural landscapes and floral resources on the Mount
Lozeére. A Temporary meadows covered with dandelion (Taraxacum
spp.) on a calcareous plateau in early spring (April). B Bee foraging
fireweed (Epilobium angustifolium) during late summer (end of June)
in a C-like landscape. C Typical landscape of Mount Lozere in early
June: rangelands with flowering common broom (Cytisus scoparius)

that lead farmers to adopt practices that have a negative or
positive impact on floral resources? More generally, what are
the technical-economic levers and obstacles to the enhance-
ment of floral resource provision in agropastoral landscapes?
To explore these questions, we first outline a novel concep-
tual framework that considers both agropastoral farming and
beekeeping as farming systems. The methodology is then
presented, which comprises a landscape analysis followed
by two rounds of semi-structured interviews with farmers
and beekeepers. Finally, key findings are outlined and their
contribution to the extension and the development of both
beekeeping and agropastoral farming is discussed.

2 Material and methods

2.1 A conceptual framework based on floral
resources to analyze the interactions
between farming and beekeeping

This study is based on an original conceptual frame-
work (Fig. 2) that draws on farming systems research (Darn-
hofer et al. 2012; Ison 2012). Farming systems are defined as
groups of farms that share similar technical and economical
characteristics. In other words, they reflect the “structural

on the lower left, permanent meadows, nowadays mainly grazed, on
the flat area on the lower right, steep slopes in between colonized by
spontaneous woods, summer pastures on the top, over ca. 1300 m,
and planted pine forests in the background on the left. D Bee hives in
a permanent meadow in June. E Blackthorn (Prunus spinosa) flowers
in hedgerows in April. Photo credit: Gabriel Gonella.

and functional organization that underpins production pro-
cesses” (Lacoste et al. 2018). Commonly used variables
to describe farming systems include a farm’s production
means, such as land, workforce, and equipment (Reboul
1976; Cochet 2012). In this study, an agropastoral farming
system typology is built in order to illustrate the diversity
of the main agronomical processes at play in the study site
that influence the provision of floral resources. A beekeeping
system typology is also built to illustrate the diversity of uses
of these floral resources.

Our conceptual framework has three main objectives.
First, it frames the analysis of farming and the way it shapes
landscapes with varying floral resources. Second, it frames
the analysis of beekeeping as a set of practices that intend
to use floral resources provided by agricultural landscapes.
Third, it frames the analysis of the interactions between
farming and beekeeping through floral resources as two
activities that rely on and transform the same agricultural
landscapes.

Landscapes are defined as a mosaic of agricultural and
non-agricultural lands. From an apicultural point of view,
this can be seen as the juxtaposition of landscape elements
that provide floral resources and where beekeepers install
apiaries. From an agricultural point of view, landscapes are
seen as a set of exploited and unexploited lands for farming.

INRAQ/ & spinse
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Fig.2 Conceptual framework of
farming/beekeeping interac-
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Farming systems shape agricultural landscapes through
farming practices, and this framework pays special attention
to the forage system within agropastoral farming systems. In
our study, drawing on Sébillotte's cropping system concept,
forage systems refer to a plot that represents a group of agri-
cultural lands that share similar biophysical characteristics
(soil, location in the landscape, and slope), and on which
farmers apply the same management sequences in order
to produce feed for animals (Sébillotte 1974). This com-
prises permanent meadows, grazed rangelands, and crops.
In combination with farmers’ objectives and other elements
of farming systems, such as herds and livestock practices,
available labor force, equipment, and land, forage systems
offer insights into the rationales of farming practices.

Beekeeping systems are also framed as farming systems.
Their specificities nonetheless justify the definition of par-
ticular concepts. Floral resources are the pollen, nectar,
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and honeydew exploited by beekeeping. They are charac-
terized by two features: the type of landscape element that
produces them, e.g., meadows or chestnut tree (Castanea
sativa) woods; and the period(s) at which the resources are
available, i.e., their phenology.

Beekeeping systems exploit floral resources by means of
apiary locations, i.e., the places where beekeepers place the
hives. Still drawing on the cropping system concept, we build
a typology of apiary locations. This is achieved through the
identification of similar apicultural characteristics shared by
groups of apiary locations, in particular, the landscape ele-
ments present in a honey bee foraging range around the api-
ary location. These landscape elements, in turn, determine
the floral resources available at each period in a season.

Apiary locations are where honey bee colonies are
installed, and the colonies are managed by following a
specific set of practices including transhumance circuits,
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feeding, or reproduction management. These practices aim
to control the colonies’ population, growth, and health con-
dition, in order to obtain from them a production (e.g., honey
and swarms) or services (e.g., pollination and education).
Various apiary locations and management types are com-
bined in beekeeping systems, in accordance with the available
labor force, equipment, and the beekeeper’s objectives. These
combined elements offer insights into the rationale underlying
the use of floral resources in a given agricultural landscape.

2.2 Field work
2.2.1 Study site

Mount Lozere (Fig. 3) is a granitic massif ranging from 500
to 1699 m in altitude. It has a sub-Mediterranean climate

Fig.3 Location of Mount
Lozere in the Massif Central in A
France and topographic map of 50°N-
the mount Lozere. All maps are

oriented towards the geographi-

cal north. A Location of the J
Mount Lozere (red) in the Mas- 48'N- qx‘
sif Central (grey), in France. B
Map of Mount Lozere. Color
gradient stands for elevation.
The blue lines show the course
of the 4 main rivers surrounding
the Mount Lozere.
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marked by cold winters, dry summers, and abundant pre-
cipitation during inter-seasons. A part of Mount Lozere is
located in the core zone of the Cévennes National Park.
Beekeeping has long been an important activity on Mount
Lozere (Lehébel-Péron et al. 2016). However, professional
beekeeping, i.e., practiced by beekeepers for whom beekeep-
ing is the main source of income, only really gained impor-
tance after the Second World War (Lehébel-Péron 2014,
Lehébel-Péron et al. 2016). As it does not require access to
land, beekeeping is appealing to newcomers that have the
intention to gain a living from agriculture yet have limited
access to land. Currently, the number of beekeepers that live
on the study site is estimated between 100 and 150, but pre-
cise figures are difficult to obtain due to a lack of reliable
publicly available data (Lehébel-Péron 2012a, b). A majority
of these beekeepers manage less than 50 hives, with only 5
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beekeeping operations identified as having more than 200
hives, a threshold commonly recognized by beekeepers as
the minimum to make a living out of beekeeping. However,
these numbers do not reflect the use of floral resources by
beekeepers, as numerous transhumant beekeepers use api-
aries on Mount Lozere in order to benefit from the “com-
mon heather” (Calluna vulgaris) honey flow (Lehébel-Péron
2012b).

Mount Lozere landscapes are typical of agropastoralism
(Rieutort 2006), mixing rangeland used for livestock graz-
ing, cropland (where temporary meadows are grown in rota-
tion with cereals), permanent meadows, and non-agricultural
lands such as shrublands and spontaneous or planted for-
ests. Both permanent and temporary meadows are mown
for the production of hay to feed animals in winter. Mount
Lozere farming is dominated by suckler cow husbandry
(production of young calves exported for further fattening),
although other types of farming are also represented, such
as dairy cow, suckler sheep, dairy goat for cheese produc-
tion, orchards, and vegetable gardens. In 2020, there were
110 farms on Mount Lozere, approximatively one-third of
the 1970 levels, while the number of agricultural workers
decreased by more than half during the same period accord-
ing to data from the French general agricultural census
(RGA) carried out in 2020 (MASA 2024). Between 1970
and 2010, the area per farm doubled, and the livestock
they each managed nearly tripled (Lepart et al. 2016). This
illustrates a sharp increase in the material productivity of
agricultural labor (i.e., the amount of agricultural products
produced per worker) observed at national level in France
(Charroin et al. 2012). These processes have been accompa-
nied by significant land use changes, marked by the intensi-
fication of land cultivated by mechanized means for forage
production and a trend towards the abandonment of other
types of land (Garambois et al. 2020). Land abandonment
may be exacerbated by the sharp decline in the number of
animals reared on Mount Lozere over the last decade, with
the number of cows falling from around 7000 in 2010 to ca.
5000 in 2020 (Aubron and Nozieres-Petit 2023). Abandoned
land is subject to woody encroachment, a process that is
generally negatively perceived by local farmers (Blanc 2014;
Moreau et al. 2019).

2.2.2 Data collection and analysis

This study was based on semi-structured interviews and
landscape observations. All interviews were recorded and
partially transcribed, with the informed consent of the par-
ticipants. Data analysis aims to build a farming systems
typology, as described in the conceptual framework section,
and a mapping of the floral resources of the Mount Lozere.
The first phase of field work was carried out between Febru-
ary and May 2021 and aimed to understand the landscapes
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of Mount Lozere, their floral resources, and their agrarian
history. Based on these landscape observations, we formu-
lated a number of hypotheses concerning the agricultural
dynamics on Mount Lozere. Attention was paid to the spatial
repartition of agricultural lands, to the presence of cattle,
and to signs of past agricultural activities such as dry-stone
walls or irrigation canals. Through these observations, we
also formulated a hypothesis on the repartition of floral
resources on Mount Lozere.

These observations were complemented by 22 semi-
structured interviews with local stakeholders such as retired
farmers and beekeepers, natural park managers, and agricul-
tural advisors. We recruited interviewees thanks to contacts
at the Cévennes National Park, from markets or events, by
meeting farmers and beekeepers on their farms and apiar-
ies, and by snowball sampling. These interviews addressed
the past changes of agricultural land use, the evolution of
floral resources and beekeeping activity on Mount Lozere,
and the current challenges of Mount Lozere agriculture and
beekeeping as perceived by the interviewees. This led us to
refine our hypothesis about the agricultural dynamics played
out on Mount Lozere and their impacts on floral resources
and which then led to the production of an initial farming
system and beekeeping system typology.

The second phase of field work was carried out between
May 2021 and February 2022. It aimed to understand farm-
ing and beekeeping practices, as well as their underlying
rationales. We conducted semi-structured interviews with
farmers and beekeepers still in activity. These interviews
addressed the technical-economic functioning of their farms,
including farming practices, floral resource use, location of
apiaries and plots, technical farm functioning, and economic
data. In particular, technical-economic interviews were con-
ducted with farmers and/or beekeepers from 38 agropastoral
farms, 16 beekeeping operations, including 7 non-profes-
sional beekeeping operations, and 3 farms operating both
agropastoral and beekeeping activities. Interviewees were
chosen according to our first iteration of farm typology, in
order to represent the diversity of farming and beekeeping
on Mount Lozere. As new interview data were gathered, the
farming system typology was subsequently modified during
this phase. Sampling stopped when new interviews did not
challenge the soundness of our farming system typology.

The floral resources utilized in beekeeping were iden-
tified through the knowledge and practices of beekeepers.
This was obtained by asking beekeepers to list their apiary
locations on Mount Lozere. For each apiary location, we
then asked at which periods they were exploited and the
species or landscape elements that produced the main floral
resources at these locations. We mapped floral resources and
apiary location types by crossing land cover data provided
by the French National Geographic Institute (IGN 2023) and
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the agricultural land parcel information system (Cantelaube
and Carles 2015; IGN 2017).

3 Results: beekeeping and agropastoralism
on Mount Lozére

In this section, we first give a general overview of Mount
Lozere landscapes and floral resources. We then describe
the beekeeping systems of Mount Lozere in order to present
the main floral resources that they use. Finally, we show how
agropastoral farming systems on the Mount Lozere contrib-
ute (or not) to the provision of these floral resources.

3.1 The floral resources of Mount Lozére and their
uses by beekeeping

3.1.1 Mount Lozére agricultural landscapes and floral
resources

Six landscape elements (Fig. 4) provide floral resources
which enable beekeepers to produce 4 main types of honey:
“Spring,” “Chestnut,” “Mountain,” and “Heather” honeys.
The apiary location types used by beekeepers are described
in supplementary materials 1 and 2 and mapped in sup-
plementary material 3. Three altitudinal zones explain the
structure of both floral resources and the agricultural activi-
ties on Mount Lozere. This structure appears on the map of
landscape elements (Fig. 5A).

Valley bottoms and slopes, under ca. 900 m (the limit of
the chestnut tree repartition range), usually present acidic
soils. They are occupied by chestnut tree forests, other types
of deciduous forests, mountain heathlands, and permanent
meadows in flat valley bottoms. They are mostly unculti-
vated, though sometimes grazed. In late summer (late June
to mid-July), chestnut tree forests give rise to the late chest-
nut tree honey flow of Mount Lozere. It is uncommon to pro-
duce “chestnut tree” honey on Mount Lozere, but this honey
flow is temporally complementary to the more important and
reliable “chestnut tree” honey flow of the nearby Cévennes
valleys, which occurs in June. “Late chestnut tree” apiary
locations on Mount Lozere also give access to spring floral
resources between April and May, due to the presence of
certain melliferous trees such as Prunus avium and Robinia
pseudoacacia. This “late” spring honey flow occurs up to 2
months after spring honey flows in lower-lying areas, e.g.,
in the lowland “garrigues” of the south of France. They are
therefore little used by commercial beekeepers.

Between ca. 900 and 1300 m altitude lie calcareous and
granitic plateaus punctuated with slopes. This zone is typical
of the agropastoral mosaic of arable crops and temporary
meadows, permanent meadows, and rangelands in mountain
heathlands and woods (Fig. 5B). Overall, the plateaus are

the most prone to arable crops, particularly those that are
calcareous. Early meadow species and melliferous bushes
in mountain heathlands generate a late spring honey flow
between April and May. This is used by beekeepers to feed
colonies that overwinter on Mount Lozere and allow for
their growth. Spring honey is harvested in favorable years.
This zone is also the one that gives rise to the “mountain”
honey flow in June. Beekeepers use these honey flows across
two different types of apiary locations: those dominated by
mountain heathlands, in which spontaneous vegetation is
the most important for the honey flow (bushes such as Pru-
nus spinosa in spring, herbaceous species such as Knautia
spp., brambles—Rubus spp.—and isolated trees in summer),
and those with high shares of temporary meadows, with a
higher importance of melliferous species encountered in
arable lands (e.g., dandelion—Taraxacum spp.—in spring,
and alfalfa—Medicago sativa—in summer).

The top of Mount Lozere, over ca. 1300 m altitude, is
mainly occupied by managed coniferous forests, wetlands,
and heather heathlands mostly managed by the French
national forest agency (ONF), a public institution (Fig. 5B).
They are used by farmers as summer pastures, especially the
heathlands. This zone gives rise to the “common heather”
honeyflow, which beekeepers use through heather heath-
land locations. Beekeepers cannot overwinter their colo-
nies at these locations because of low temperatures and the
lack of spring floral resources. Such locations thus require
transhumance. “Common heather” is the most well-known
honey flow of Mount Lozere and attracts beekeepers far
away from the study site. It is however highly uncertain and
puts colonies at risk of varroa infestations, as late honey
flows delay acaricide treatments.

Overall, Mount Lozere is characterized by a continuous
supply of floral resources, except for a gap in May and a peak
in June. It is worth noting that Mount Lozére honey flows
are also uncertain, as illustrated by Fig. 6. Both these char-
acteristics contrast with the floral resources commonly used
by commercial beekeepers, usually abundant, reliable, but
short-lasting, for example, rapeseed or lavender honey flows.

3.1.2 Beekeeping systems and the use of agropastoral
floral resources

We identified six beekeeping systems which differ
according to the professional status of beekeepers, the
types of colony management they implement, the floral
resources they use, and the type of honey they produce,
i.e., “mountain,” “late chestnut tree,” “common heather,”
and/or “spring.” To facilitate the comparisons, beekeep-
ing systems are represented by operations with only one
worker. This situation corresponds to the majority of the
encountered beekeeping operations. They are presented in
descending order of colony number.
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Fig.4 Floral resources provided by the various landscape elements
of Mount Lozére. The six landscape elements on Mount Lozere that
provide floral resources are represented in the center. Each landscape

1) Transhumant professional, on heather heathlands, is the
largest system modeled here. It comprises 500 colonies.
Most of the apiary locations, as well as the main site
of the beekeeping operation, are not situated on Mount
Lozere (Fig. 6A). The transhumance of colonies to
Mount Lozere occurs only in the summer to take advan-
tage of the heather honey flow.

Transhumant professional with high share of “mountain”
honey is a medium-size system of around 300 colonies.
The main site of the beekeeping operation is located on
or near the Mount Lozere. In this system, colonies are
exclusively wintered away from Mount Lozere, either
at lower altitudes, in the Cévennes valleys or in the low-
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element provides distinct floral resources over the course of the year,
divided into three periods, from the center (spring) to the periphery
(late summer), for a total of 16 floral resources.

land garrigues up to 2 h drive away from the main site.
This allows colonies to take advantage of early spring
blooms, from the end of February onwards. This sys-
tem mainly relies economically on the production of
chestnut tree honey in the Cévennes valleys, which are
located not far from Mount Lozere yet out of the study
area (Fig. 6B). The Cévennes chestnut tree honey flow
occurs in June, competing with the “mountain flowers”
honey flow. However, around 75 colonies (25% of the
total flock) are moved to Mount Lozere in early summer
for the production of mountain honey. Then, 50 of these
colonies are then moved at the end of the summer to the
common heather heathlands at the top of Mount Lozere



Beekeeping and agropastoralism interactions through floral resources in the French Mount...

Page90of19 49

Fig.5 Land uses on Mount
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(Fig. 6A). This system thus takes advantage of the much
looked-after but uncertain common heather honey flow.
Transhumant professional with late chestnut trees system
is also a medium-size system of ca. 300 colonies, simi-
lar to the previous system, except that it has a greater
reliance on transhumance (to the Robinia pseudoaca-
cia honey flow in spring, for example), which results in
a greater diversity of honeys produced. The mountain
honey thus accounts for a lesser part of its production
(Fig. 6B). Like the previous one, this system mainly
relies on the chestnut tree honey from the Cévennes
valleys, but it also uses locations with chestnut trees
on Mount Lozere during the late summer. This prac-
tice both prolongs the chestnut tree honey flow of the
Cévennes valleys and provides floral resources to pre-
pare the colonies for winter. Then, 100 colonies are sent
to the common heather honey flow, i.e., twice as many
as in the previous system.

Sedentary professional is the smallest system among the
professional systems described here, with 200 colonies.

Landscape elements
Temporary meadows

. Permanent meadows

Mountain heathlands

Common heather heathlands

Chestnut tree woods

Other woods

Other

Main rivers

m—— Area of Mount Lozére
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Rangelands

Grazed woods and orchards
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- Other non agricultural land

<~ Area under National Forest Office

3.8°E 3.9°E 40°6 ZZ management

Longitude

Its main site is located on mount Lozere. It is a sed-
entary system, which means that it does not practice
transhumance (Fig. 6A). As a consequence, the selection
of apiary locations in this system is driven by a continu-
ous availability of floral resources over the course of the
year. Notably, spring resources are of great importance
to this system, as they are necessary to feed the colonies
that overwinter on Mount Lozere and allow their growth
so that they benefit from the “mountain flowers” and
“late chestnut tree” honey flows. In addition, there are
fewer logistical constraints on the choice of locations
than in transhumant systems. Indeed, the absence of
transhumance reduces the number of handling opera-
tions (hive moving), and the vehicles used are smaller.
From an economical point of view, this system mainly
relies on chestnut honey produced in the Cévennes val-
leys (Fig. 6B). The absence of transhumance prevents
the use of common heather heathland locations which
are too poor in floral resources before summer. Mount
Lozere locations dominated by heathlands and meadows
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Fig.6 Use of apiary locations
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are also less advantageous, as the first important honey year but not always easily accessible by transhumance
flows rarely occur here before June. As a consequence, vehicles), explains the combination of transhumant and
on Mont Lozere, the lower-lying apiary locations with sedentary colonies in this system. Most of the tran-
chestnut trees are the most suitable in this system. shumance incurs very short distances, to access heather
5) Partly transhumant semi-professional is a rather small heathlands or late chestnut trees, both found on Mount
system with 80 colonies, whose main site is located in Lozeére. Because of a high share of the colonies (50%)
the study area. It does not generate enough income for overwintering on Mount Lozere (Fig. 6A), spring floral
the beekeeper to make a living and is combined with resources are considered important in this system and
other activities that generate income, such as an agri- spring honey is produced during favorable years. Over-
cultural or craft business, or a salaried job. As a conse- all, the honey production in this system mostly relies
quence, the working time invested in this system by the on Mount Lozere floral resources. It is noteworthy that
beekeeper is limited. This limitation, combined with a this system uses apiary locations surrounded by a large
low capital (i.e., beekeeper does not own a vehicle spe- number of temporary meadows.
cifically adapted to the transhumance and transportation =~ 6) Hobby beekeeping is the smallest system encountered,

of hives) and the types of apiary locations used (often
inherited, with a good resource continuity all over the
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with only one apiary comprised of 15 colonies, located
close to the beekeepers’ house in a village, therefore sur-
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rounded by temporary meadows that give rise to spring
and “mountain flowers” honey flows.

Beyond the differences in the use of floral resources
among beekeeping systems, this typology reveals that,
except for the first system (transhumant professional on
heather heathlands), they have a common interest in the
“mountain flowers” honey flow (Fig. 6, supplementary mate-
rial 1 and 3). In terms of the interactions between agropasto-
ralism and beekeeping, both the “mountain flowers” honey
flow’s spatial distribution (between ca. 900 and 1300 m alti-
tude) and its temporality (limited to June) make it of particu-
lar interest for the study. Mount Lozere areas below 1300 m
altitude are indeed mainly managed by agropastoralism, and
the main agropastoral practices that shape floral resources
(e.g., mowing and grazing) also occur around June, result-
ing in particularly intense interactions between farming and
beekeeping.

This honey flow is favored by:

e Diversified permanent meadows that flower in June

e Heathlands with a dominant and diversified herbaceous
layer, brambles, and some melliferous trees

e Temporary meadows with melliferous species, mainly
legumes such as alfalfa, clover (Trifolium spp.), or sain-
foin (Onobrychis viciifolia), flowering in June

e Open undergrowth in woods with a flowering herba-
ceous layer and brambles

From here on in, the term “floral resources” refers to
the floral resources that give rise to the “mountain flowers”
honey flow. In the following section, we examine the agro-
nomical reasons of the implementation of farming practices
that are more or less favorable to these floral resources on
Mount Lozere.

3.2 Impacts of agropastoral farming systems
on floral resources

Farming practices that are favorable to the production of
floral resources are different in rangelands, croplands, per-
manent meadows, and uncultivated lands. While intensive
management of rangelands (with high pastoral load and
mechanical control of scrub encroachment) is favorable to
the maintenance of an herbaceous layer that gives rise to the
mountain honey flow, intensive management of permanent
meadows and croplands (high levels of synthetic or liquid
manure fertilization that favors grasses over flowering spe-
cies, early mowing that depletes flowers before June, shorter
rotations with more cereals compared to meadows, and
short-lasting temporary meadows) is unfavorable to the pro-
duction of floral resources. In the long term, the replacement
of permanent meadows by croplands and the abandonment

of rangelands are also unfavorable for floral resources (see
supplementary material 2).

A typology of the farming systems found on Mount
Lozere and their significance for the production of floral
resources are outlined. For each farming system, the tech-
nical-economic constraints that drive farmers’ decisions in
the implementation of farming practices that are more or less
favorable to floral resources are then presented.

3.2.1 Agropastoral farming systems on Mount Lozére
and their contributions to the production of floral
resources

We identified five agropastoral farming systems
(Table 1) that have distinct impacts on floral resources (sup-
plementary material 2 and 4): suckler calf with medium-
intensity croplands, suckler calf with low-intensity crop-
lands, suckler calf with intensive use of rangelands, dairy,
and organic meat and cereal.

1) Suckler calf farming system with medium-intensity
croplands is the most common farming system on
Mount Lozere. It is moderately favorable to the pro-
duction of floral resources. It maintains large areas of
rangelands at the altitudinal zone where “mountain
honey” is produced, through practices such as grazing,
the grinding of bushes in areas that can be managed
with mechanized equipment, and the use of large pas-
toral burnings. It also benefits from summer pastures,
which are situated at the summit of Mount Lozere.
Grazing intensity is intermediate in the rangelands
of the “mountain honey” production zone. They are
grazed by the whole herd between May and June, with
medium pastoral loads and a grazing period extending
from May to October (supplementary material 5). The
combination of intermediate grazing intensity, burn-
ings, and destruction of woody shrubs results in an
intermediate intensity of rangeland management that
maintains a state of vegetation suited to the produc-
tion of floral resources. This farming system has a rela-
tively large area of permanent meadows, in part man-
aged quite intensively with synthetic fertilizers, liquid
manure, and early mowing. Croplands are managed
intensively in this farming system in order to maintain
high yields and reduce feed purchase. They are planted
with non-melliferous seed mixes, thus producing few
floral resources. Alfalfa is often sown but mown too
early to be of benefit to beekeepers. However, this sys-
tem has no access to the most intensive croplands on
Mount Lozere, which are found on calcareous plateaus
(intensive temporary meadows in Fig. 5B). This limits
both the frequency of cereal seeding and of ploughing
in the rotations.
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Table 1 Characteristics of the five agropastoral farming systems of
Mount Lozere. This table indicates, for each farming system, the type
of herd and its size, and the area managed for each type of land use
(cropland, permanent meadows, rangelands, and summer pastures).
The letters indicate whether the management of croplands, perma-
nent meadows, and rangelands is favorable to the production of flo-
ral resources (H), moderately favorable (M), or unfavorable (L). The
effect of farmers’ management in summer pastures is not represented,

as summer pastures are out of the range of the “mountain flower”
honey flow. *Livestock units are calculated for the animals that graze
the rangelands in the mountain honey production zone in June. Live-
stock units are calculated with the following equivalences: 1 LU per
dairy cow, 1.05 LU per suckler cow with calf, 0.6 and 0.8 LU per
replacement heifer of more than 1 and more than 2 years, respec-
tively, 0.2 LU per suckler ewe with lamb, and 0.07 LU per replace-
ment ewe lamb

Farming system Herd (number of mothers, Area of croplands Area of permanent mead- Area of rangelands Area of
breed, and livestock unit  (quality for floral ows (quality for floral (quality for floral summer
grazing) resources) resources) resources) pastures

Suckler calves with 60 Limousine cows 20 ha (M) 30 ha (M) 120 ha (M) 60 ha

medium-intensity 84 LU
croplands

Suckler calves with low- 25 Aubrac cows 10 ha (H) 20 ha (H) 100 ha (L) 30 ha

intensity croplands 32 LU

Suckler calves with inten- 50 Aubrac cows 0 ha (H) 25 ha (H) 75 ha (H) 75 ha

sive use of rangelands 69 LU
through labor
Dairy 30 Montbéliardes and 10 35 ha (L) 20 ha (L) 75ha (L) 0 ha
Aubrac cows
17 LU
Organic meat and grain 350 blanches du massif 80 ha (L) 30 ha (L) 100 ha (H) 0 ha
central ewes
59 LU

This system and its development path illustrate

a recent agrarian dynamic in the study area, and one
which has been marked by an increase in the material
productivity of labor, made possible by an increase in
land and herd size per agricultural worker. As a result,
there is increased pressure on available working time
in the farming systems that have followed this develop-
ment path. Intensive croplands are the most productive
forage systems per working time and thus have been
generally favored wherever technically possible, and the
share of distributed forage in the diet has risen at the cost
of grazing in rangelands. The augmentation of mate-
rial productivity per agricultural worker thus results in
a moderately favorable management of floral resources,
both in croplands, permanent meadows, and rangelands.
2) Suckler calf farming system with low-intensity crop-
lands has followed a similar development path to the pre-
vious system, though farmers implementing this system
halted investment decades ago and have also reduced
herd size. They have maintained their rangeland, as this
represents a major revenue source through subsidies
provided by the European Union Common Agricultural
Policy (CAP), and which are proportional to the area of
land. This system maintains large areas of extensively
used rangelands with low herd size, resulting in a lower
pastoral load than in the previous system. Such range-
land management is not particularly favorable for floral
resources. This low herd size also results in reduced
fodder needs. Combined with the low investments in

& springer INRAQ)

equipment for crops, it results in a high proportion of
permanent meadows and quite extensive management of
croplands and permanent meadows, with all meadows
mown later and maintained with low use of mineral fer-
tilizers and liquid manure. Croplands are managed with
1 to 2 years of cereals followed by 4 years of temporary
meadows. The increase in age of temporary meadows
is favorable to floral resources. This is because it both
reduces the proportion of cereals (not melliferous) in the
cultivated area and because older meadows develop a
more melliferous flora. Overall, this system, with favora-
ble cropland and meadow management and unfavorable
rangeland management, is moderately favorable to floral
resources.

This system illustrates two main drivers of the man-
agement of floral resources by agropastoralism on
Mount Lozere. First, it shows that the limitation of
production costs and investments, which limit the man-
agement intensity of both meadows and croplands, is
favorable to the production of floral resources. Second,
it illustrates that while providing subsidies in proportion
to a farm’s area, the CAP encourages farmers to manage
large areas of rangelands with management methods that
are not particularly favorable to the production of floral
resources. In this system, this is because of a decrease
in herd size.

3) Suckler calf farming system with intensive use of range-
land through manual labor is the most favorable sys-
tem for the production of floral resources. The farmers
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4)

5)

using this system settled more recently, have had few
opportunities to access croplands that can be worked
with machines, and so have made little investment in
mowing equipment. Rangelands are more intensively
managed, with an intermediary pastoral load, frequent,
and long grazing periods, and labor-intensive practices
involving hand-tool clearing and small pastoral burnings
(supplementary material 5). Such rangelands are favora-
ble to the production of spring and early summer floral
resources, as labor-intensive practices allow the selec-
tion of spring flowering melliferous shrubs. There are no
croplands, and the permanent meadows are extensively
managed.

As in the previous system, the limitation of invest-
ments and production costs is favorable to the produc-
tion of floral resources as it limits the management
intensity of croplands and permanent meadows. In this
system, the resulting limitation of distributed fodder in
the diet is compensated by a high proportion of grazing
through an increase in rangeland management intensity,
which is favorable to the production of floral resources.
This is made at the cost of important working time spent
in the management of rangelands.

Dairy farming is a system that has expanded onto highly
mechanizable croplands with increased management
intensity to produce high amounts of forage. This for-
age is then used in combination with significant amounts
of both purchased and farm concentrates to feed a dairy
herd to obtain high physical productivity. A suckler herd
uses forage from permanent meadows and rangelands
and which would not enable the expected milk yields.
This is the only system in the area that has not aban-
doned dairy production over the course of recent dec-
ades. It maintains a medium proportion of extensively
used rangelands with low pastoral loads, coupled with
the intensive management of its permanent meadows
and croplands, which results in poor production of floral
resources.

Organic meat and cereal farming with intensive use of
rangelands through mechanization is a system that has
also expanded into productive croplands and increased
cereal production through mechanization. The produc-
tion of cereal is central to increasing the value of this
system’s products. The cereal is sold for human con-
sumption and used to fatten lambs, and the organic label
enhances the product value. It sets up highly contrast-
ing forage systems in terms of the production of floral
resources. On the one hand, its croplands, dominated by
cereals, do not produce floral resources and its perma-
nent meadows are mown relatively early. On the other,
the rangelands, mostly mechanizable, are intensively
used with a high number of animals per rangeland area,
and mechanical grinding is practiced, which maintains

them in a state of vegetation which is of interest for the
production of early summer floral resources. Of all sys-
tems within this typology, it has the highest area of crop-
lands when compared to both rangelands and permanent
meadows.

Rather than augmenting material labor productivity,
this system relies on increasing its product value. This is
achieved through the intensification of croplands to pro-
duce cereal, which is then either fed to animals destined
for meat production, or is sold directly. This system is thus
less dependent on CAP subsidies and intensively manages a
small proportion of rangelands. The limited rangeland area
allows a more frequent grinding of shrubs. Moreover, there
is a high number of animals per rangeland area to graze
(Suppl. Mat. 4). Both frequent grinding and high pastoral
loads are favorable to the production of floral resources.
However, this is made at the cost of croplands and meadows
intensification, which are unfavorable to the production of
floral resources.

3.3 Technical-economic levers and obstacles
for the production of floral resources on Mount
Lozére

There are two main agrarian tendencies and drivers of the
production of floral resources in agropastoral landscapes.
First, the augmentation of production per agricultural worker
has relied both on crop and meadow intensification and on
rangeland extensification, which overall leads to an unfa-
vorable trend for the production of floral resources. Second,
the CAP mechanisms encourage farmers to maintain large
areas of rangelands in a moderately favorable state of vegeta-
tion for the production of floral resources. Here, rangeland
is neither totally abandoned nor encroached upon. This state
does not maximize the production of floral resources.

Of the five farming systems described in our typology,
three overcome these limitations: the suckler calf farming
system with intensive use of rangelands through manual
labor, the suckler calf farming system with extensive use
of meadows, and the organic meat and cereal farming
system. They do so through various mechanisms, such
as the increase of the economic value of crop and ani-
mal products through cropland intensification, the limita-
tion of costs and investments with a revenue sustained by
CAP subsidies proportional to the area of land, and the
limitation of costs and investments thanks to important
working time devoted to rangeland management. How-
ever, there are several obstacles in the way to engaging
farmers to take up those alternative development paths.
For example, cropland intensification is restricted by the
available mechanizable land on Mount Lozere (see Fig. 5).
In addition, the augmentation of working time devoted
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to rangeland management and the reduction of costs and
investments, both more favorable methods to contribute
to floral resource production, are probably not in line with
farmers’ professional expectations, due to the time-con-
suming nature of such farming practices.

4 Discussion: using farming system
research to understand and manage floral
resources

Our conceptual framework, based on a farming system
approach, offers new insights into floral resource man-
agement and technical-economic interactions between
agropastoralism and beekeeping, and, more broadly,
between agriculture and beekeeping. This can add to
the existing body of knowledge gained through other
approaches. For example, ecological approaches can be
useful for predicting the influence of agricultural practices
on floral resources (Shapira et al. 2020; Duquette et al.
2022) or on honey bee physiology (Alaux et al. 2017).
Experimental approaches can contribute to the devel-
opment of alternative farming practices more favorable
for floral resources (Allier et al. 2017). However, these
approaches, while they often propose transformations of
agricultural practices, do not take into account the mate-
rial conditions of farmers, beekeepers, and their farms.
This makes it difficult to assess the levers and obstacles in
implementing their proposals. Adopting a farming systems
approach fills this gap. Thanks to our conceptual frame-
work, we reveal the beekeepers’ interests in terms of flo-
ral resources management and the diversity of interests
within the range of beekeeping systems. We also identified
ways to improve the production of floral resources through
agropastoralism. It would therefore be of valuable use to
develop and implement our conceptual framework in fur-
ther case studies to guide apicultural transformations in
different agricultural contexts.

4.1 Handling the diversity of beekeeping

Our approach has proved particularly pertinent in accom-
modating the diversity of beekeeping and floral resources.
In the following paragraphs, we will discuss how the frame-
work can be used to establish a typology of floral resources,
establish their different values according to the beekeeping
systems, and identify the resulting diverging interests of bee-
keepers in terms of the management of floral resources at
the landscape scale.
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4.1.1 Diversity of floral resources

Consistent with results in other contexts (Smart et al. 2021),
we found that within the study area, agropastoral land-
scapes are characterized by a continuous provision of floral
resources over the course of the beekeeping season (except
for a gap in May, and with a peak in June), yet with low
productivity and high uncertainty. This contrasts strongly
with landscapes that provide mass-blooming floral resources
over short periods coupled with longer resource gap peri-
ods, such as open-field landscapes with oleaginous crops
(Requier et al. 2015; Guillerme and Maire 2018) or, to a
lesser extent, the Cévennes valleys dominated by chestnut
trees (Mouillard-Lample et al. 2023) and heather heath-
lands. Fostered by our conceptual framework, the attention
paid to landscapes in relation to their uses by beekeeping
allows to identify such patterns. Developing our approach
in other contexts would allow for national and international
comparisons which would therefore be of great use to guide
apicultural transformations and adapt them to local contexts
while benefitting from experiences in comparable contexts.

4.1.2 Diversity of beekeeping systems and their
preferences for floral resources

Our conceptual framework also puts forth that all beekeep-
ing systems do not have the same preferences for the dif-
ferent types of floral resources, and so provides a basis to
explore the underlying technical-economic mechanisms. For
example, professional beekeeping systems seem to focus on
the reduction of uncertainties in the resources they exploit.
Indeed, professional beekeeping in France has developed
to adapt to mass-blooming floral resources that are predict-
able, abundant but short-lasting (Guillerme and Maire 2018;
Dupré 2020). Our study confirmed this tendency, by show-
ing the reduced interest of professional beekeepers for the
uncertain but long-lasting “mountain” honeyflow, and their
preference for the predictable Cévennes “chestnut” honey
flow. Moreover, we have also revealed existing strategies to
cope with the remaining uncertainties of floral resources,
such as transhumance and the multiplication of the floral
resources used. This exploration of reducing the uncertainty
of floral resources may be explained by the fact that profes-
sional beekeepers’ revenue entirely relies on the production
of beekeeping products.

Our approach also offers original insights into other api-
cultural rationalities. This is illustrated by semi-professional
beekeeping systems, whose technical-economic constraints
shape an apicultural production marked by less working
time and fewer investments. Long-lasting floral resources
near the main site of the beekeeping operation are more
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advantageous to these systems, in order for them to avoid the
practice of transhumance and long travel distances that are
costly and time-consuming. Uncertainty of floral resources
is less important to these systems, as beekeepers mainly rely
on alternative sources of income to make a living.

4.1.3 Diversity of beekeeping systems and their diverging
interests for landscape management

Finally, our conceptual framework offers insights into the
co-existence of various beekeeping systems in the same
landscapes. Since beekeeping systems have different pref-
erences regarding the characteristics of the floral resources
they exploit, they are likely to have divergent interests in
landscape management. In our study, for example, tran-
shumant beekeeping is mainly interested in the June honey
flow, produced by herbaceous landscape elements, while
sedentary beekeeping needs a spring honey flow produced
by ligneous species.

Beekeeping systems’ diverging interests in floral
resources have been observed in other studies focusing on
the Cévennes (Mouillard-Lample et al. 2023), other regions
of France (Dupré 2020), and in Morocco (Adam 2019). An
increase in landscape-based case studies that identify the
different interests of beekeeping systems, by taking into
account favored or excluded beekeepers, would therefore
help to guide overall apicultural transformations in any given
place.

4.2 Agropastoralism for floral resources
and for rural development: same drivers
and shared interests?

Our research provided original insights into the way agropas-
toralism shapes floral resources. They show a decline in flo-
ral resources, as in intensive agriculture contexts (Carvell
et al. 2006; Naug 2009; Ollerton et al. 2014; Requier et al.
2015), in part due to agricultural changes such as the intensi-
fication of meadows (mechanization and use of inputs). The
decline in floral resources in rangelands is a specific feature
of agropastoral landscapes and is due to their abandonment
or reduced use, leading to scrub encroachment. Both dynam-
ics are linked to labor issues and particularly to the fact that
meadows have a higher material productivity per working
time than rangelands (Aubron et al. 2016).

Among the five agropastoral farming systems described
here, the one with intensive use of rangeland through manual
labor and that seems the most favorable to the production of
floral resources is precisely the system following an opposite
rationale. It invests labor in an intensive use of rangelands,
meadows are used extensively, there is little investment in
mechanizations, and few inputs are purchased. By so doing,
they show characteristics of “frugal systems” (Garambois

et al. 2020), which reduce production costs by including a
high proportion of grazing in the diet. In addition to being
favorable to the production of floral resources, the develop-
ment of such systems would also contribute to maintaining
more jobs per hectare at the landscape scale and supporting
landscape preservation (Morsel 2024).

However, the development of frugal systems faces obsta-
cles such as competition with other systems or activities for
the access to land or to high value-added markets (Aubron
et al. 2014; Sendyka and Makovicky 2018; Garambois et al.
2020). A transition to frugal farming systems would need
changes in the mechanisms of markets and public policies
such as the CAP that have not been favorable for frugal farm-
ing systems over the past decades (Gautier 2017; Aubron
et al. 2019; Morsel and Garambois 2022; Morsel 2024). The
transition would also need to address a lack of adapted tech-
nical support and issues such as farm debt, which encourages
high gross production. Finally, a farmers’ will to change may
be an obstacle to change, as the sociotechnical transforma-
tions needed for the transition to frugal farming systems
(reduced physical production and changes in the organiza-
tion of labor linked to the augmentation of pasture in the
diet) may not match their professional aspirations (Lémery
2003; Coquil et al. 2017).

Broadly speaking, it seems that both the production of
floral resources and frugal farming in agropastoral settings
would benefit from mechanisms promoting labor-intensive
practices, such as favoring grazing and small rather than
large pastoral burnings in the management of rangelands.
This meets a broader issue related to agroecological tran-
sitions, which is often supposed to require a reduction in
material labor productivity (Mouratiadou et al. 2024). This
reduction goes against the tendency of the augmentation
of material labor productivity pursued in Europe since the
second half of the twentieth century, which is accompanied
by mechanization and increase in farm size. Reversing this
tendency is often presented as necessary to the augmenta-
tion of the ecological, economic, and social (Charroin et al.
2012; Timmermann and Félix 2015; Devienne et al. 2016,
pp- 90-97; Ploeg 2021) benefits of labor in agroecological
farms.

4.3 Considering interactions between agriculture
and beekeeping

The focus of this study was to investigate indirect inter-
actions between farming and beekeeping through floral
resources, rather than direct interactions such as pollina-
tion and pesticide use. However, they should be taken into
account, especially in non-agropastoral contexts, where
crop and fruit pollination and pesticide application are of
greater importance. While Mount Lozere farmers currently
have little interest in changing their practices to enhance
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floral resource provision, this may not be the case in other
agropastoral contexts. One positive example of agropasto-
ral context where direct interactions between agriculture
and beekeeping are seen as important by the actors is that
of the dairy production for Tomme des Bauges cheese, in
the Bauges Massif in France. Here, the floral diversity of
meadows and rangeland plays a key role in the organoleptic
quality of the cheese. The pollination of meadows is then
perceived by livestock farmers as an important issue. This
has encouraged local farmers to enroll in “flowering mead-
ows” contests and to increased cooperation between farmers
and beekeepers (De Sainte Marie and Nguyen Ba 2018). In
turn, this cooperation potentially contributes to the brand
image of the cheese.

5 Conclusion: a systemic approach
to the interactions between agriculture
and beekeeping based on floral resources

Knowledge about the floral resources that are used by bee-
keeping, and about the technical-economic obstacles that
farmers face in implementing farming practices favorable to
the provision of floral resources, is still lacking. This is espe-
cially true in agropastoral settings. With this study, we aim
at filling these gaps to identify pathways to the enhancement
of floral resource provision in agropastoral landscapes. We
therefore presented a framework based on a farming systems
approach. We have proven that this approach is effective at
identifying levers and obstacles to floral resource enhance-
ment for different types of agropastoral farming systems. It
also allows for an analysis of the diverse interests and needs
regarding floral resources within the beekeeping sector.
Beyond the case of agropastoralism, the resulting insights
complement other studies on the interactions between bee-
keeping and agriculture in general. By focusing on farming
systems, a “macro” analysis of global factors, such as Euro-
pean policies and markets, and a “micro” analysis of local
factors, such as specific landscapes and agrarian history, can
be brought together to understand how farming practices are
implemented (Aubron et al. 2016) and how their implemen-
tation impacts on floral resources.

In particular, our results show that a transition to more
frugal systems, implementing labor-intensive and time-con-
suming practices, would certainly enhance the production of
floral resources. Such alternative scenarios would, however,
require key changes in the rules of agricultural markets and
of the CAP, to counter the dominant structural trends of
twentieth-century agricultural development towards higher
material productivity of agricultural labor and decrease in
the number of agricultural workers.

Beekeepers and agropastoral farmers have few levers
to change the CAP and the functioning of international
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markets. However, even within the limits set by these,
they have the possibility to improve floral resources at the
landscape scale. Direct social interactions between farmers
and beekeepers may be a way for these actors to identify
their interdependencies and build shared representations
of common interests. Such interactions may pave the way
to the establishment of collective action at the landscape
scale, a key lever to foster agroecological transitions
(Coquil et al. 2013, communication at the 2013 Rencon-
tres autour de la recherche sur les ruminants; Barnaud
et al. 2018). However, more knowledge is needed about
the levers and obstacles for both farmers and beekeepers to
engage in these interactions, as well as their motivations to
do so, in relation to their interests, knowledges, and values.
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