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Abstract The study of the relationships between agriculture and biodiversity is
important to sustain biodiversity for the future. The landscape level has an influ-
ence, which has been until now mainly related to the importance of semi-natural
elements. But in agricultural areas crop land is often dominant and acts on bio-
diversity by the resources it provides and the effects of disturbances induced by
agricultural practices. The mosaic of crops is ephemeral and highly dynamic in
space and time according to farming practices and crop rotations. The aim of this
chapter is to assess the role of agricultural landscape heterogeneity on biodiversity.
Landscape heterogeneity may be measured from different perspectives, consider-
ing non-cropped areas versus crop ones, or taking into consideration the dynamics
of the mosaic of crops and agricultural practices. From studies on a long term
ecological research site in Brittany, France, we present how these different
approaches of landscape heterogeneity allow a better understanding of the diver-
sity of processes driving biodiversity in agricultural landscapes. Most of all we
underline the necessity to include knowledge of farming systems and farming
practices in the analyses.
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14.1 Introduction

Agriculture and biodiversity are two faces of the same coin. On the one hand,
biodiversity is the basis of agriculture: plants that are grown, animals that are
raised are species shaped over centuries for the benefit of people; they all depend
on other living organisms. On the other hand, the fate of biodiversity in many
landscapes of the world depends on its use and management by rural/farming
communities. Some agricultural landscapes may be more diverse than ‘‘natural
landscapes’’ and thus are a source of biodiversity, but many farming practices at
field and landscape levels are a threat for biodiversity.

Between the 1960s and the 1990s the negative impacts of agriculture on bio-
diversity have become increasingly documented. Among the main drivers of
biodiversity decline are agricultural practices and changes in landscape structure
(Robinson and Sutherland 2002). For a long period, public policies neglected the
problem but then, under pressure from environmentalists and the general public,
regulations were established to protect rare or emblematic species. Nature reserves
were created and were extended to Natura 2000 zones in the European Union as an
ecological network of protected areas, designated to protect habitats and species
present on red lists in negotiations between NGOs and policy makers. Even though
farming techniques such as haying or grazing were used as integrative manage-
ment techniques for those protected areas, the general concept remained to seg-
regate the agricultural, productive areas from the nature protection areas (Fisher
2008). The growing insight regarding the benefits of ecosystem services led to an
interest in species providing those services and to the idea that biodiversity should
be managed and protected everywhere because it is of use everywhere. Nowadays
the maintenance of beneficial insects and birds, pollination, water purification etc.
are services that farmers must be aware of in their crop production and manage-
ment of land.

The objective of this chapter is to tackle these different issues. We utilize results
from the different projects carried out on a Long Term Ecological Research site,
the ‘‘Zone Atelier Armorique’’. Landscape ecology is the conceptual framework
we use. That is to say we consider landscape patterns, their heterogeneity and
connectivity, as major drivers of plant and animal population dynamics. Hetero-
geneity and connectivity are key concepts for biodiversity conservation and
management (Burel and Baudry 2003) that need to be defined as specific metrics
for the different questions and biodiversity groups we studied.

Landscape heterogeneity has many expressions. In the binary segmentation
between semi-natural and cropping areas, heterogeneity increases if the share of
the two components approaches 50 % of the area. The heterogeneity of the cul-
tivated mosaic is also an important expression. This mosaic can be highly heter-
ogeneous in space and time, as a result of the diversity of agricultural practices,
and their spatial and temporal organizations by farmers (Vasseur et al. in press).
The diversity of agricultural practices (cultivated species and varieties,
rotations, technical operations) that can be observed at the landscape level, is due
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to farmers’ decisions (Joannon et al. 2008). Agricultural practices in a field follow
crop management sequences and depend on cropping systems (pluriannual crop
rotation and management). Cropping systems are furthermore spatially distributed
on the farm territory according to environmental conditions in fields (e.g. soil
type), spatial structure of field patterns on farms and logistic constraints (Thenail
and Baudry 2004). As a result, the cropping systems mosaic is highly heteroge-
neous in space and time. This additional heterogeneity may be of great importance
for species (insects, weeds, mammals) using crops for at least part of their life
(Vasseur et al. in press).

Studies on the influence of landscape patterns on biodiversity have focused on
spatial heterogeneity. On the contrary, temporal heterogeneity has been less
studied in landscape ecology (Metzger 2008). Not considering this dimension is a
limitation. Past landscape structure can affect present ecological processes, and
there is often a time lag between landscape change and responses by organisms
(Ernoult et al. 2006; Krauss et al. 2010; Auffret and Cousins 2011). Moreover, in
dynamic landscapes the rate of habitat turnover and associated change in land-
scape structure can sometimes be more important for species survival than the
spatial organization of resource patches (Fahrig 1992).

Along this gradient of heterogeneities, the respective role of landscape design
(field size, shape, presence of hedgerows etc.) and of cropping practices in the
management of biodiversity is a central question. This question is of importance to
model population dynamics and to design management plans. A landscape mosaic
is built from both design and practices; therefore it is more and more important to
foster our capacity to disentangle their effects.

In this chapter, we present how different approaches of landscape heterogeneity,
first oriented toward semi natural habitats, and then recognizing the role of crops
and their dynamics, may give insights on the fate of biodiversity in agricultural
landscapes. We will then discuss their relative efficiency according to landscape
and species types. This will give clues for designing agri-environmental schemes
for biodiversity.

14.2 The Role of Semi-Natural Elements in Agricultural
Landscapes

When looking at the effect of landscape structure on biodiversity in agricultural
landscapes the main emphasis has been put on considering the effect of semi
natural elements (Billeter et al. 2008; Tscharntke et al. 2005a). They are consid-
ered as habitats, refuges, sources, corridors for many species that use crop fields
for part of their life cycle and by species which are restricted to them (Deckers
et al. 2005; Forman and Baudry 1984). This approach has been the first to be used
by landscape ecologists who considered agricultural landscapes as sets of semi-
natural elements embedded in a neutral agricultural matrix. We studied the effects
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of landscape structure, which is defined in this study by the proportion of semi-
natural elements, on biodiversity measured with several taxa differing by their way
of dispersal and their spatial scale of perception.

It soon appeared that biodiversity responses to this heterogeneity could be
linked to farming systems, as it was proved that farming practices also played a
major role in the decline of biodiversity. To assess this at the landscape level we
compared landscape units, first with similar agricultural systems and contrasted
landscape structures, and second, of similar landscape structure and contrasted
farming systems.

14.2.1 Comparing Landscapes with Contrasted
Landscape Structures

In Brittany, France, as in most places of north western Europe, agricultural
landscapes changed dramatically in the 1960s and up to 1980s due to the rapid
intensification of agriculture (Robinson and Sutherland 2002). This led to an
important decrease in semi natural habitats (Meeus 1993). To assess the effects of
these changes on biodiversity we compared the gamma diversity of landscapes that
differed by their amount of semi natural elements and where agricultural systems
were similar.

The study area, the Long Term Ecological Research (LTER) site ‘‘zone atelier
Armorique’’, is located in northern Brittany, south of the Mont Saint Michel Bay,
France (48� 360 N, 1� 320 W). A hedgerow network (bocage) characterizes the
landscape and agriculture is oriented toward milk production. Three units differing
by field size, the density of the hedgerow network, and the relative abundance of
grassland versus cropland have been delineated (Fig. 14.1). We used global
indices such as percentage cover of woodlots, grasslands, crops, hedgerows, het-
erogeneity (Baudry and Burel 1982) to verify that units are different and have
some kind of internal homogeneity (Table 14.1).

We surveyed several groups of organisms which perceive the landscape at
different spatial scales, and have different ways of dispersal and different life

(a) (b) (c)

Fig. 14.1 Parts of the three landscape units: the quantity of semi natural areas: woodlots,
hedgerows and permanent grassland, decreases from (a) to (b) and (c) as stated in Table 14.1
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spans. These were two families of diptera: Chironomidae, and Empididae, cara-
bidae, herbs, breeding passerines, woody plants and small mammals. All these
groups have been sampled using specific sampling methods. Birds were counted
according to ‘‘IPA’’ method (Blondel et al. 1970), small mammals were studied by
using the pellets of the Barn owl (Tyto alba), carabids were caught with inter-
ception traps, diptera with yellow attractive traps and plants were identified in
hedgerows, with 3014 relevés for woody plants and 455 relevés for herbs.

The results are presented in Table 14.2. They show that the different groups
react differently to the changes in landscape structure. Diptera only decrease as
semi natural areas decrease, there are few changes but not consistent with the
landscape structure gradient for carabids breeding passerines and herbs, and no or
almost no differences for woody plants and small mammals. When looking at
community similarity between units (a) and (c) Burel et al. (1998) showed that
three classes of taxonomic groups could be identified. First, communities of dip-
tera Empididae and Chironomidae lose species from unit (a) to unit (c). For
Empididae, species with small wings and a low power of dispersal are not present
in landscapes where the distance between water courses and the closest hedgerows,
two elements needed to accomplish their life cycle, is high as in unit (c) (Morvan,
N. unpublished data). Second, communities of carabidae and herbs do not vary that
much in species richness but there is a shift in species composition, some are only
present in the site with a high proportion of semi natural areas, while others are
only present where this proportion is low. Large apterous carabid forest species
characterize unit (a) with a high quantity of semi natural areas, while smaller
winged species, adapted to disturbances characterize unit (c) with a high propor-
tion of crops (Aviron et al. 2005). Third, communities of breeding passerines and
small mammals have almost the same species in all the units. For small mammals
Millan-Pena et al. (2003) showed that if the species were the same their relative
abundance varied. Forest species such as the bank vole (Clethrionomys glareolus)

Table 14.1 Quantity of semi
natural areas in each
landscape unit

Landscape unit (a) (b) (c)

Woodland and fallow land (%) 15 11 7
Permanent grassland (%) 30 20 18
Hedgerow density (m/ha) 79 63 45

Table 14.2 Species richness Unit (a) Unit (b) Unit (c)

Dipera chironomidae 28 29 15
Diptera empididae 84 82 56
Carabid beetles 55 51 50
Breeding birds 40 35 38
Small mammals 11 11 11
Herbs 189 132 171
Woody plants 40 41 39
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are relatively more abundant in dense hedgerow network landscapes, while crop
species such as the Field vole (Microtus agrestis) are more abundant in sparse
ones.

In these bocage landscapes, differing by the proportion of semi natural areas the
response of biodiversity varies according to the different groups. For some of
them, the high proportion of semi natural areas leads to an increase in species
richness which has been shown in other studies for several taxa (Weibull et al.
2000; Schweiger et al. 2005). But according to dispersal ability and longevity of
species not all of them react that way. This may be due to the fact that the gradient
of landscape structure is not very long, the total proportion of semi natural areas
varying only from 25 to 45 % of the total area, contrary to other studies where it
may vary from 10 up to 80 % (Gabriel et al. 2005). Our results emphasize that
species richness per se is not always a good indicator for measuring a community’s
response to landscape changes. Similarity indices or relative abundance permit to
identify changes in biodiversity even when species richness remains the same.
Those indices underline that different groups react differently to the same changes
in landscape structure. Nevertheless, for all of them the proportion of semi natural
elements had an effect on the structure of the communities.

14.2.2 Comparing Landscapes with Similar Compositions
and Contrasted Farming Systems

To assess the role of farming systems at the landscape level we compared biodi-
versity among landscape units of similar landscape structure but contrasted
farming systems.

We studied landscapes located in the Côtes d’Armor, an administrative unit
located in the northern part of the Brittany region. Its area is 700,000 ha, 440,000
of which are devoted to agriculture. It is a very dynamic agricultural area spe-
cialized in both milk production and hogs and poultry indoor production. Crops
sustain mainly husbandry with maize and grassland for cows, and cereals for hogs
and poultry (http://draaf.bretagne.agriculture.gouv.fr/Les-Cotes-d-Armor,203).
We first selected 11 landscape units which represented the whole diversity of the
landscape structures present in the area. They differ by their composition, total
length of hedgerows, connectivity of the hedgerow network and heterogeneity of
the mosaic. Carabid beetles have been surveyed in order to measure their gamma
diversity in hedgerows and we tested for the influence of landscape structure and
farming systems on it (Millan-Pena et al. 2003). We then compared sites domi-
nated by cropland, which we split into two groups. They were both characterized
by a low proportion of semi natural areas, were similar in landscape composition
but differed in landscape configuration. The first one was characterized by large
fields, with maize as the dominant crop and a low connectivity of the hedgerow
network, while the second was characterized by smaller fields, with wheat and oat
as dominant crops and a more connected hedgerow network. Ten hedgerows were
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sampled per site during the summer of 2001. We compared carabid species
composition between the two ‘‘cropland’’ groups. They were characterized by two
distinct clusters of species, maize-dominated landscapes hosted species occurring
in rather moist and shaded habitats such as Brachinus scolopeta, while cereal-
dominated landscapes hosted typical crop field species such as Pterostichus
melanarius.

The abundance of carabids significantly differed between the two types of
landscapes (t = 5,82, p = 0.01). The average abundance was 693 individuals per
site in the cereal-dominated landscapes, and 333 for the maize-dominated ones.
Species assemblages of the most different sites were compared using the ten most
abundant species found at each site. These top ten species accounted for
81.6–87.8 % of the total catch, depending on the site. The top ten species present
in the maize-dominated landscapes only accounted for 13.7 % in the cereal-
dominated ones, reflecting the strong effect of this shift in farming system and
change in landscape configuration (Table 14.3).

These results show that farming systems have an effect on biodiversity at the
landscape scale. The effects of farming systems on biodiversity have mainly been
studied for comparisons between conventional and organic systems and looking at
the effect of the surrounding landscape on alpha diversity (Weibull et al. 2000;
Purtauf et al. 2005). The main results are that diversity is higher in complex
landscapes with a high proportion of semi natural areas whatever the system, and
that organic systems enhance diversity in simple landscapes. Our results deal with
gamma diversity and systems that are both conventional but with different crop
and husbandry productions. They are intensive agricultural systems, but the one
dominated by maize and milk production is less favorable for carabid species than
the one dominated by cereal crops. This may be due to the differences in farming
practices, with higher inputs in maize fields, or to the configuration of the land-
scape with larger fields and a lower connectivity of the hedgerow network when
maize is dominant.

Table 14.3 Abundance of the top ten carabid species in the most different landscape units of the
two types: maize and cereal dominated

Cereal dominated
landscape

Maize dominated
landscape

Pterostichus madidus (Fabr.) 19 6
Nebria brevicollis (Fabr.) 89 6
Abax parallelepipedus (Piller and Mitterpacher) 0 19
Calathus piceus (Marsham) 81 1
Amaras pp. 28 55
Harpalus rufipes (De Geer) 122 0
Pterostichus melanarius (Illiger) 72 1
Poecilus versicolor (Sturm) 2 3
Agonum dorsale (Pontoppidan) 15 79
Poecilus cupreus (L.) 3 12
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14.3 The Role of the Cropping System Mosaic

We have shown that semi-natural elements contribute to produce landscape
structures of ecological importance. But, because many species use crops
(including grasslands) during their life cycle, the heterogeneity of the cropping
systems mosaic is potentially important from an ecological point of view (Ken-
nedy and Storer 2000; Benton 2003). At a given time, this mosaic can be viewed as
a spatially heterogeneous mosaic of cropped habitats with varying resources for
species (food resources, host plants, shelter), and of disturbances with direct effects
on species survival (e.g. insecticide spraying). The cropping system mosaic also
generates a spatiotemporal heterogeneity at different time scales (Burel and
Baudry 2005). Crop phenology and farming practices lead to fast asynchronous
variations of resources from field to field within a year; over several years, crop
rotation and management succession result in spatio-temporal variations of
resources availability, localization and accessibility, i.e. landscape connectivity for
species. In this shifting mosaic, habitat patches are ephemeral regarding the life
span of many species. Species survival will therefore depend on their ability to find
and colonize new suitable resource patches to supplement or complement habitats
and complete their life cycle (Dunning et al. 1992; Wissinger 1997) as well as
availability of ephemeral, but suitable habitats over years.

In the following sections, we illustrate how the cropping systems mosaic can
influence the movement of organisms, their population dynamics and species
diversity at the community level, at infra- and/or- pluriannual time scales. We
utilize results from empirical and modeling studies conducted on the LTER ‘‘Zone
Atelier Armorique’’ for several insect taxa: two species with contrasted habitat
requirements and dispersal abilities, i.e. a grassland butterfly and a carabid beetle
of cropped habitats, and the community of wild bees. We will emphasize the
temporal dimension by stating the effects of the changing crop mosaic within a
year studying insect movements between crops, and looking at the spatial and
temporal distribution of organisms during one rotation cycle.

14.3.1 Effects of Crop Phenology and Farming Practices
at the Infra-Annual Time Scale

Species movements between habitat patches depend not only on functional land-
scape connectivity (Kindlmann and Burel 2008), but also on the dynamics of
resource quality in patches (Schooley and Branch 2011). For insects using annual
crops or grasslands, whether they are phytophageous, nectariferous or predatory,
crop cover states control the availability of biotic and abiotic resources (e.g. Alston
et al. 1991). These cover states vary throughout the season from crop sowing and
growth to harvest. These changes induce quick and frequent changes in insect
movements and distributions in the cultivated mosaic (Kennedy and Storer 2000).
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We observed these processes for the Meadow brown (Maniola jurtina L.), a
grassland butterfly species, in response to grassland mowing (Aviron et al. 2007).
This common species has no strong host-plants requirements (Vane Wright and
Ackery 1981) but has a limited mobility like many endangered butterfly species
(Brakefield 1982). We conducted a mark-release-recapture experiment at various
herbaceous patches (grasslands, lane banks and road verges) to study butterfly
movements and distribution before and after the mowing of two studied grass-
lands. This survey showed that the mowing of grasslands can lead to changes in
butterfly movements between herbaceous patches. This is illustrated by the
decreased exchange rates of butterflies between one of the mown grasslands (G4)
and surrounding patches (Fig. 14.2a). Mowing also resulted in localized drops of
butterfly abundances in mown grasslands (G2 and G4), and a concentration of
butterflies in certain unmown, accessible grasslands (G3 and G8; Fig. 14.2b).
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Fig. 14.2 Exchange rates of butterflies between studied herbaceous patches (a) and total number
of butterflies captured in patches (b) before and after grassland mowing (adapted from Aviron
et al. 2007)
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These localized changes in butterfly abundances in mown and unmown grasslands
can probably be explained by a redistribution of butterflies from disturbed
grasslands into remnant suitable herbaceous patches.

To compensate for these local and abrupt changes in resource availability on a
given patch, the presence of alternative suitable and accessible resource patches
will be crucial for species to realize their life cycle (Kennedy and Storer 2000;
Men et al. 2004; Carrière et al. 2006; Bressan et al. 2010). Some asynchrony
between farming practices and crop cover states might allow to compensate for the
ephemeral suitability of crops, by ensuring a temporal continuity of resources for
species. A study of a generalist predatory carabid species with limited mobility
(Pterostichus melanarius Illiger) in annual crops illustrates these processes
(Vasseur 2012). Carabid movements were surveyed at the edges between different
types of annuals crops (winter cereals, spring maize and pea) with contrasted cover
states during the activity-period of carabids. Bidirectional interception traps,
adapted from Hawthorne et al. (1998), were used to sample carabid movements
between six adjacent crops. The interception traps were open continuously and
collected weekly from early May to early September. As an example, Fig. 14.3
displays the orientation of carabid movements at field edges between a pea crop
and two adjacent maize fields. It shows that, in the early summer, carabid beetles
move more frequently from maize fields (with bare soil at this period) to pea fields
(with dense vegetation cover). In late July, an inversion of the orientation of
carabid movements at edges is observed, i.e. more movements from pea to maize
fields, in relationship with pea harvest and vegetation growth in maize. Thus, P.
melanarius seems to move throughout its activity-period from crops with unsuit-
able, sparse vegetation to crops with dense cover. This suggests that adjacent
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annual crops with asynchronous vegetation growth and timing of harvest could
provide a temporal continuity of resources for this generalist predatory species.
The persistence of carabid populations in a cultivated mosaic within a year might
not necessarily require permanent habitats, but complementary cropped habitats
that are spatially and temporally connected.

14.3.2 Effect of Crop Rotation and Management Succession
Over Years

The pluri-annual effects of the spatio-temporal heterogeneity of the cropping
systems mosaic on biodiversity are still mainly unknown. However, crop rotation
and management succession over years will determine the temporal availability of
suitable cultivated resources patches for species. Moreover, the ability of species
to spatially and temporally complement or supplement their resources between
cropped habitats during their life cycle will partly drive their survival from one
year to another, and therefore over the long term (Rusch et al. 2011; Thorbek and
Topping 2005).

14.3.2.1 The Influence of Crop Rotations on Solitary Bees

To persist in a landscape, wild bees require nectar and pollen as food for brood and
adults as well as suitable nesting sites (Westrich 1996). Intensive agriculture
negatively affects the quality of bee habitat in several ways: (1) increasing crop
field area results in the loss of suitable habitats including grasslands that are known
to be highly beneficial habitats for bees (Klemm 1996; Steffan-Dewenter et al.
2002); (2) fertilizers, herbicides and intensive grazing reduce floral resources (De
Snoo and Van der Poll 1999); (3) harvesting and tillage impede the nesting of most
ground-nesting species (Shuler et al. 2005; Morandin et al. 2007); (4) some pes-
ticides induce direct mortality or sublethal effects (Desneux et al. 2007). However,
the crop mosaic can offer a great amount of easily available food resources when
mass flowering crops such as oilseed rape or sunflower are cultivated (Westphal
et al. 2003).

In order to better understand how landscape patterns influence solitary bee1

communities, we took into account both spatial and temporal heterogeneities of the
crop mosaic in addition to the commonly studied semi-natural elements (wooded
elements and long-term grasslands) (Le Féon et al. 2011). Thus we considered the
proportion of semi-natural elements, of oilseed rape and non-flowering crops at the

1 Wild bees comprise of social species (Bombus sp.) and solitary bees (even if different forms of
primitive or advanced social behavior exist in some species). Our study only focuses on solitary
bees, which represent more than 80 % of wild bee species in Europe.
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moment of bee sampling and the proportion of two types of crop rotations. For the
last variable, a crop rotation map summarising land-use history over a period of
five years was realized. As cereals and grassland are the dominant land uses in the
LTER site we distinguished two classes of crop fields: the fields that were sown
only with cereals (wheat and maize) during the last five years and fields where the
crop rotation included from one to four years of grassland (referred to as ‘‘mixed
fields’’). Solitary bees were trapped on 50 field margins, 15 of which were along
oilseed rape fields and the 35 others were randomly located along other fields.
Landscape composition was quantified in square windows centered on sampling
points. Three window sizes were chosen, covering the range of relevant scales for
flight and foraging distances of solitary bees (400, 800 and 1,200 m in width).

We found contrasted effects of non-flowering crops according to the type of
margin and the spatial scale (Fig. 14.4). Solitary bee abundance in margins of
oilseed rape fields deeply increased with the proportion of non-flowering crops at
the moment of bee sampling at the finest spatial scale while it remained unchanged
in margins of non-oilseed rape fields (Fig. 14.4a). This result shows that the
attractiveness of mass-flowering crops depends on the quality of the surrounding
landscape: the use of oilseed rape by solitary bees is higher when the surrounding
area provides few floral resources.

Long-term grasslands and crop rotation influence local richness and abundance
of bees at large spatial scales. Probably due to a masking effect of mass-flowering
crops, these influences are only detected in margins of non-oilseed rape fields.
Solitary bee abundance increased with the increasing proportion of long-term
grasslands (Fig. 14.4b). Moreover solitary bee abundance and species richness
increased with the increasing proportion of ‘‘mixed fields’’ (at least one year of
grassland in the past five years) (Fig. 14.4c), whereas the proportion of fields only
sown with cereals during the last five years had the opposite effect (Fig. 14.4d). The
positive effect of long-term grassland is already known in landscape scale studies
on wild bees (e.g. Steffan-Dewenter et al. 2002; Morandin et al. 2007). This type of
fields is typically likely to provide wild flowers and suitable nesting sites. The
originality in our results is to show that introducing temporary grasslands in cereal
rotations is beneficial to bees. As they are generally sown with Poaceae species only
and fertilized, the suitability of temporary grasslands for bees remains to be sup-
ported by further data. Nevertheless, the introduction of this cover type in cereal
rotations could imply a less intensive farming system, potentially beneficial to
solitary bees, thanks to (1) reduced pesticides and fertilizer inputs over the whole
rotation cycle (2) greater floral resources in properly managed temporary grasslands
(3) less disturbed soils better suited for ground-nesting bees. Our result is consistent
with Steffan-Dewenter (2001) and Kuussaari et al. (2011) who showed the positive
effect of the introduction of set-asides in cereal rotations on pollinator insects.

To sum up our findings, the composition of the landscape at the time of sam-
pling had a direct impact on the spatial distribution of solitary bees only at the
finest scale (400 m). On the contrary, when considering the landscape structure
over several years (crop rotations and semi-natural elements like long-term
grasslands), the effects occurred at the larger scales (800 and 1200 m). Therefore,
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our results are in agreement with the hierarchy theory that predicts that spatial and
temporal scales are correlated. Phenomena occurring at coarse spatial scales are
related to slower processes than phenomena occurring at smaller spatial scales
(Allen et al. 1987). The maintenance of populations, a slow process, may be due to
‘‘large’’ spatio-temporal patterns, while feeding behavior, a fast process, is related
to fine scale patterns (presence of a mass flowering crop in a given field). Our
study showed that examining the heterogeneity of the agricultural mosaic over a
whole crop rotation cycle was relevant to better understand the effects of agri-
culture on solitary bee communities. This approach allowed considering the
cumulative effects of field cover and it demonstrated that introducing less intensive
covers such as temporary grasslands in cereal rotations positively influences sol-
itary bee communities.

Fig. 14.4 Relationship between a solitary bee abundance and proportion of non-flowering crop
fields during bee sampling (spring 2007) in 400 9 400 m windows; b solitary bee abundance and
proportion of long-term grasslands in 1,200 9 1,200 m windows; c solitary bee species richness
and proportion of ‘‘mixed fields’’ (‘‘Mixed fields’’ are fields where crop rotation included from
one to four years of temporary grassland during the period 2003–2007) in crop rotation in
800 9 800 m windows; d solitary bee species richness and proportion of ‘‘cereal fields’’ (‘‘Cereal
fields’’ are fields only sown with cereals (maize and wheat) during the period 2003–2007) in crop
rotation in 1,200 9 1,200 m windows. Predictions returned by the Poisson-family models are
shown by solid lines for significant relationships only (P B 0.05, test F). 9 = oilseed rape field
margins. • = non-oilseed rape field margins
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14.3.2.2 Using Models to Predict the Influence of Management
Successions and Crop Rotations on Biodiversity

In landscapes where too many habitat patches are simultaneously disturbed each
year, the limited habitat complementation/supplementation processes might result
in a population decrease or even extinction in the long term (Vasseur et al. in
press). We used an existing spatially-explicit model to simulate the yearly and
pluri-annual dynamics of populations of the Meadow brown (Maniola jurtina)
under different scenarios of habitat disturbance extent (i.e. percent cover of
grasslands mown in a 1 km2 landscape) (Aviron et al. 2007). Simulations were run
on the landscape unit where empirical data on the effect of mowing on butterfly
movements were available, in order to validate the model’s predictions. Our results
show that when habitat suppression through mowing occurs during the activity
period of butterflies (in summer), butterfly populations get rapidly extinct if a large
amount of grassland habitats (80 %) is simultaneously disturbed each year
(Fig. 14.5). On the contrary, the synchronous disturbance of a lower amount of
grasslands (20 %) each year allows population persistence and increase over the
years, probably due to higher possibilities of habitat complementation/supple-
mentation for butterflies (Fig. 14.5). Thus, the long-term persistence of butterfly
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Fig. 14.5 Scenarios of butterfly habitat disturbance (20 and 80 % of grasslands mown each year)
(a) and predicted evolution of total butterfly abundances over 10 years for the two scenarios of
habitat disturbance and in absence of mowing (b) (derived from Aviron et al. 2007)
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populations could be strongly affected by the extent of habitat destruction and of
direct disturbances caused by mowing.

Complementation of resources by species is not only dependent on the avail-
ability of alternative suitable resource patches each year but also on their acces-
sibility (Dunning et al. 1992). Thus, the spatial organization of asynchronous,
complementary cropped habitats each year might be crucial for long-term popu-
lation persistence as well. We used a spatio-temporally explicit model to simulate
the dynamics of carabid populations (P. melanarius) in a cropping system mosaic
characterized by a rotation of three annual crops (maize-wheat-barley) differing
mainly by their period of sowing and harvest (‘‘ANGORA’’ model, Vasseur 2012).
Simulations were run on virtual landscapes (grids of 45 9 45 fields) with similar
compositions each year (33 % of each crop type) but contrasted spatial organi-
zations of the crop mosaic (i.e. 15 vs. 84 % of total interfaces between comple-
mentary crops) (Fig. 14.6a). The results show that, in crops mosaics with similar
compositions, the population growth rate over 30 years is higher in mosaics where
adjacency between complementary crops, i.e. with asynchronous cover states
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Fig. 14.6 Scenarios of spatial organization of the crop mosaic (15 and 84 % of interfaces
between complementary crops: maize-wheat, wheat-barley and maize-barley) (a) and predicted
growth rate of carabid populations (mean ± 95 % CI) after 30 years of simulation (10 cycles of
rotation) for the two scenarios (b). (Details of the ANGORA model given in Vasseur 2012)
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(maize-wheat, maize-barley, barley-wheat), is promoted (Fig. 14.6b). Adjacency
between complementary crops each year increases survival of carabid beetles until
the end of the reproductive period, ensuring a more important renewal of carabid
populations. It also allows, in the latter part of carabid activity period, a rapid
colonization of new, suitable patches (maize crops). Thus, the spatio-temporal
heterogeneity of the cropping systems mosaic is likely to increase landscape
spatio-temporal connectivity for this carabid species. Over the long term, this
process could result in a homogenization of populations’ spatial distribution, and
enhance their resilience to frequent local extinctions (Fig. 14.7).

14.4 Discussion

14.4.1 Semi Natural Elements

Our results confirm that semi-natural or more natural elements (Fahrig et al. 2011)
have an impact on biodiversity for all considered taxa. This has been shown by
previous results on the effect of the amount of these elements, considered as a
measure of landscape complexity, on several taxonomic groups. Most of the
studies show a positive effect of semi natural elements, and conclude that complex
agricultural landscapes favor biodiversity as measured by the number of species
(Tscharntke et al. 2005a, b). The use of several taxa permits to discuss this
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Fig. 14.7 Spatial distribution of carabid populations in the crop mosaic after 30 years of
simulation (10 cycles of rotation) for the two scenarios of crop spatial organization (15 and 84 %
of interfaces between complementary crops: maize-wheat, wheat-barley and maize-barley)
(Vasseur 2012)
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assumption; if the number of some small, short-lived species increases with
changes in landscape composition and configuration, in the same landscapes there
is no response by longer-lived ones. The first category may perceive the landscape
at a finer spatio-temporal scale and thus react to changes that are not perceived by
the other categories. Nevertheless, even if the total number of species is not related
to the quantity of semi-natural areas, community structure changes. There is a shift
in species or in the relative abundance of species. This points out the necessity to
adapt the measure of biodiversity to the target species and to the intensity of
landscape change. Species richness is a good indicator for strong gradients of
landscape changes and for fine spatio-temporal grain species. Otherwise, some
more sensitive measures such as the composition of communities or the relative
abundance of species are needed to highlight the response of biodiversity to
landscape structure changes.

In rural landscapes, all parts of the mosaic are influenced by agricultural
activities. Even semi natural areas such as woodlots, hedgerows and even more
permanent grassland depend on the farming system. They may be sprayed by
pesticides from the crops, enriched by fertilizers from the upper fields; woodlot
boundaries and hedgerows are pruned not to shadow crops (Lotfi et al. 2010), etc. It
is thus an illusion to draw a strong boundary between semi-natural and productive
areas. This is shown by our work on landscapes with similar compositions and
different farming systems, with a strong response of species abundance and com-
position to changes in production type and farming practices. It is of overall
importance when comparing landscapes with different structures to explicitly
characterize farming activities. This has been done within a European project, green
veins, with 24 landscape units, distributed along a double gradient of farming
intensity and amount of semi-natural areas. The more important factor to explain
biodiversity was then the intensity of the farming system (Billeter et al. 2008).

14.4.2 Cropping System Mosaic

Beyond the effects of farming system intensity, our results show that the spatio-
temporal organization of crop covers, farming practices and crop rotations affect
biodiversity. Until now, this issue has mainly been addressed for crop pest species
(Carrière et al. 2006; Bresson et al. 2010; Kennedy and Storer 2010), but our results
on pollinators, predatory arthropods and butterflies show that the heterogeneity of
the cropping systems mosaic permits the persistence of beneficial organisms, and of
species of conservation interest. For them, the diversity of farming practices and
rotations, together with semi-natural elements, ensures habitat complementation
and/or supplementation in space and time, and determines landscape connectivity.
Over the years, crop rotations will not only control the degree of stability of
resources for species, as shown for bee communities, but also their temporal
accessibility, as illustrated by our modeling studies. Benefits of the cropping
systems mosaic are expected for species in semi-natural elements, especially in
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landscapes where uncultivated elements are sparse. This has been underlined in
previous studies, which showed that landscape connectivity for forest species
increases when crops are grown high and dense (Fitzgibbon 1997; Ouin et al. 2000).
The relative contribution of semi-natural and cultivated elements for biodiversity is
however, likely to vary in time due to crop turnover and associated changing
suitability of the cropping systems mosaic (Holzschuh et al. 2011).

14.4.3 The Role of Farming Systems

We have shown that farming systems interact with biodiversity in several ways
and at different scales from fields to farm to groups of farms. This is summarized in
Table 14.4. At the field scale, only species spending part of their life in crops are
concerned. Their populations are driven by the food and microclimatic resources
within the field. Processes in the mosaic of a few adjacent fields drive the same
type of species, the mosaics control movements from field to field, therefore the
possibilities to find food and shelter.

At a wider scale (about 100–1,000 ha), the controlling structure is the crop
mosaic and associated semi-natural elements. The different landscape patterns
offer different habitats and resources and, therefore, select the species that can
thrive. Both species living in semi-natural elements and cropland species are
concerned. When a landscape pattern changes by addition or removal of elements
or by a new spatial distribution, the species that are not adapted vanish while new
ones can come.

Table 14.4 Drivers of biodiversity at different spatial and time scales

Spatial unit Time unit Farming/crop processes Ecological processes

Field Week/month Crop growth/crop
management

Dynamics of populations
of short live field
species (1 month/
1–2 years)

Mosaic of some
adjacent fields

Month/year Heterogeneity of crop
management

Field species movement
from field to field

Crop mosaic
of &100–1,000 ha

1–10 years Crop sequences in the
different fields
Removal/
implementation of
semi-natural
elements

Differentiation of species
assemblages of both
fields and semi-natural
elements

Differentiation of species
assemblages and
population dynamics at
species level

Region 20–50 years Differentiation of
farming systems

Differentiation of species
assemblages according
to farming systems
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At the regional scale, the differentiation of farming systems implies a diversity
of production and management practices in terms of inputs and disturbances such
as soil tillage and harvesting. This is another major cause of species distribution.

14.4.4 Guidelines for policies

In terms of policies, it has been demonstrated that agri-environmental policies
implemented at the field scale only are inefficient (Kleijn et al. 2006). The igno-
rance of the landscape context explains a large part of this failure (Concepción
et al. 2008). An important point that is not integrated in the design of those policies
is that the overall (gamma) diversity of a region depends on the diversity of
landscapes and farming systems at all scales.

By deciphering the drivers of biodiversity in terms of landscape patterns and
farming systems, our research shows that both are important and that field scale
processes are controlled by external factors. Therefore, biodiversity objectives
must be set at those different scales, taking into account the regional diversity.

In the European Union, policies related to agricultural practices already exist, as
in the nitrate directive that makes compulsory the presence of a catch crop in
winter in areas where nitrate leaching is a problem. Within the cross-compliance of
the Common Agricultural Policy, farmers must record their use of fertilizers and
pesticides that must be kept below a certain level. Crop diversification is an
objective of the Common Agricultural Policy reform. In France, the implemen-
tation of grassy strips along streams is a first step toward a landscape scale
management of water and biodiversity. To further enhance biodiversity, policies

Table 14.5 Visible versus Hidden heterogeneity: strength and weaknesses

Visible heterogeneity linked to semi-natural elements Hidden heterogeneity linked to farming
practices and crop phenology

Strength Strength
It is easy to collect data from remote sensing images

or field observation, anytime
Take into account all the landscape

elements
Stable pattern, generally, for some years All practices are considered
For public policies, it is relatively easy to add semi-

natural elements
Provide a range of variables that can

drive biodiversity related processes
Harbor most of threaten and flagship species in rural

landscapes
Permit to establish a link between

biodiversity and ecosystem services
Weaknesses Weaknesses
Omit the major part of landscapes Data collection requires a lot of work and

need to be redone often
Few consideration for activities of production Difficult to gather all data on a large area
Provide few evidences on the role of practices in

fields
Many variables are correlated

Overemphasize the role of semi-natural elements as a
mean to protect and manage biodiversity

Difficult to study the interactions and to
decipher the hierarchy of effects
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should include a limitation of field size and soil disturbance, such as long-term
grassland and minimum tillage. The ban of herbicides in field margin management
should be part of the package.

Heterogeneity is an important variable to enhance biodiversity (Benton et al.
2003). In the course of this chapter we show how ‘‘visible’’ heterogeneity linked to
land cover, especially semi-natural elements and ‘‘hidden’’ heterogeneity (Vasseur
et al. in press) resulting from farming practices play a major role to maintain high
levels of biodiversity. In Table 14.5, we present the strengths and weaknesses of
these two approaches of biodiversity

14.5 Conclusion

To conclude we may state that until now most regulations to enhance or conserve
biodiversity have been aiming at increasing (Aviron et al. 2009) or managing
extensively (Kleijn et al. 2011) semi-natural elements. But at an era when food
production must increase to feed a growing world population it is important to
identify practices at field and landscape levels that will favor biodiversity without
retrieving land from production. One may expect a threshold of amount of semi
natural areas, 0–5 %, below which biodiversity remains low whatever the practices,
as the regional species pool will be low. Above this threshold, crop spatial heter-
ogeneity and environmentally friendly practices will increase biodiversity. For high
amounts of semi natural elements, 20 % onwards (Tscharntke et al. 2005b), bio-
diversity will be high, even simply by keeping the current farming activities (Le-
roux et al. 2008). In many parts of the world, agricultural landscapes fall within the
second category. It is time to define policies that will encourage agricultural
practices and systems that maximize biodiversity for its own sake and for the
services it provides to our societies. It must also be acknowledged that all these
policies will not increase all species, but may be targeted toward certain groups.
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