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• Habitats pérennes, architecture
complexe : sites pour nidifier, lieux où
passer les saisons défavorables, une
protection climatique, refuges lors de
perturbations dans la parcelle, sources
de recolonisation

• Fourniture de ressources : nectar,
pollen, proies alternatives…
Ressources supplémentaires et
complémentaires par rapport à celles
présentes dans la parcelle

• Continuités écologiques qui permettent
les déplacements des organismes.

De nombreux organismes réalisent tout ou partie de leur 
cycle dans les infrastructures agroécologiques

• Habitat semi-naturel, spontané ou créé, et géré selon un régime de perturbation
faible, la dynamique « naturelle » de l’habitat étant favorisée.



• Ce qui est connu, en général, des effets des
infrastructures agroécologiques, sur les auxiliaires et sur
la régulation des insectes

• Ce qui nous observons sur la régulation des insectes du
colza et de la féverole

• Conditions d’efficacité des bandes : composition
botanique, système de culture…

Plan



Effet général des infrastructures agroécologiques sur les 
prédateurs et sur les parasitoïdes

et al., 2008; Orr and Fox, 2012). Some of the same mechanisms
underlying the beneficial effect of semi-natural habitats such as the
provision of additional food sources and favourable microclimatic
conditions may be involved (Bugg and Waddington, 1994; Landis
et al., 2000). However, other mechanisms may also operate that
are specific to crop diversification. For example, host selection
behaviour of pests is disrupted by mixed cropping; this could also
make pests more vulnerable to natural enemies, either due to
depleted energy or fitness (and so the ability to defend themselves)
or by increasing their apparency to natural enemies (Ratnadass
et al., 2012).

4. Spatial processes and scale interactions

Organisms, as individuals or populations, are seldom restricted
to a single local habitat and so the effects of local treatments
propagate through the landscape and link processes across scales
(Tscharntke et al., 2007). For example, the success of local conser-
vation strategies must depend, at least in part, on interactions with
meta-populations or communities that are defined at a larger,
regional scale (Tscharntke and Brandl, 2004). At its simplest, this
interaction may take the form of a downscaling, in which condi-
tions within local patches (crop fields or semi-natural habitat) act
on those natural enemies that have been filtered or sampled from
the surrounding species pool (Fig. 1). The importance of this pro-
cess to CBC has been noted (e.g. Landis et al., 2000; Sunderland and
Samu, 2000; Tscharntke et al., 2007; Bale et al., 2008) but the ef-
fects have not been elaborated fully. However, the interaction be-
tween local and regional scales has been considered with respect to
the conservation of biodiversity in agricultural systems more
generally and in particular to explain the variable performance of
local conservation initiatives (Dainese et al., 2015; Kleijn et al.,
2011). The emphasis placed on the regional to local colonisation
processes in the CBC framework (Fig. 1) is consistent with the ‘in-
termediate landscape-complexity’ hypothesis (Tscharntke et al.,
2012). The key argument here is that a landscape of intermediate
complexity is associated with intermediate diversity; this is greater
than in an overly simple landscape (<2% semi-natural habitat) in
which the regional species pool is too depauperate for colonisation
to take place, but less than a complex landscape, in which the
regional species pool is so rich that re-colonisation continues even
in the absence of local conservation measures.

Implicit in the introduction of beneficial habitats is the
assumption that the natural enemies will not be restricted to these
new habitat patches but will disperse or ‘spill over’ into other
adjacent or nearby habitats including cropped areas (Woodcock
et al., 2016). The positive effect of landscape complexity on
within-field diversity of natural enemies supports this assumption
(Flohre et al., 2011). However, the extent of such spill-over into
cropped areas can be limited (Tscharntke et al., 2005b; Tylianakis
et al., 2004; Wamser et al., 2011). This limitation can be explained
by dependence on a number of factors including the degree of
habitat specialism exhibited by the species involved; the relative
productivity or quality of the respective habitats, the proximity and
connectivity between them; and the synchronisation in resource
availability (Incl!an et al., 2015, 2016; Neuville et al., 2016; Rand
et al., 2006; Tscharntke et al., 2007). Where spill-over does occur,
it may be the result of passive diffusion of individuals from areas of
high population density (Rand et al., 2006). Alternatively, move-
ment could be driven by the foraging behaviour of individuals be-
tween habitat types (Blitzer et al., 2012; Gillespie et al., 2016)
seeking complementary resources, either as a consequence of
omnivory (Rand et al., 2006) or because of seasonal changes
in resource availability, a feature common in arable cropping sys-
tems (Gillespie et al., 2016; Tscharntke et al., 2005b). Where
complementary resources are spatially separated, spill-over
becomes a necessary mechanism to maintain natural enemy
populations (Box 2).

5. Biological control

A degree of optimism about the potential to conserve natural
enemy populations is justified and a number of studies have shown
positive effects of this in terms of increased predation or parasitism
and reduced pest density. For example, Letourneau et al. (2011)
concluded that, on average, local scale plant diversification strate-
gies were successful in achieving a reduction in pest abundance. At
the landscape scale, beneficial effects on predation and parasitism
and subsequent pest suppression have also been reported, for
example in the parasitism of pollen beetles in oilseed rape (Thies
and Tscharntke, 1999) and the predation of soybean aphid
(Gardiner et al., 2009). Using a vote counting approach, Veres et al.
(2013) found a beneficial effect of landscape complexity on bio-
logical control, with 18 out of 23 studies showing either reduced
pest abundance or increased predation/parasitism in response to
an increase in the proportion of semi-natural habitat within a
landscape.

However, the presence of natural habitats can fail to enhance
biologicl control (Tscharntke et al., 2016). For example, the effect
sizes reported by Bat!ary et al. (2011), Bengtsson et al. (2005),
Letourneau et al. (2011), and Langellotto and Denno (2004) sug-
gest that, on average, the conservation strategies of the type
deployed are insufficient to achieve pest suppression even when
natural enemy populations have been enhanced; the average effect
size of 25 experimental tests of the effect of CBC strategies on pest
populations were not significantly different from zero (Fig. 3). This
conclusion is consistent with that of other reviews; Bianchi et al.
(2006), Chaplin-Kramer et al. (2011) and Veres et al. (2013) found
the abundance of pests to be unresponsive to landscape complexity,
indicating that positive landscape effects on natural enemies do not
automatically translate into enhanced biological control; an echo of
previous findings on the performance of habitat manipulation at
the local scale (Gurr et al., 2000).

The question posed by these findings is why, given an increase in
the abundance and diversity of natural enemies, do conservation
strategies often fail to show evidence of pest regulation? To explore
this it is necessary to consider how conservation strategies might

Fig. 2. The distribution of effect size (ES) from 82 experimental tests of the response in
natural enemy abundance to a range of conservation biological control treatments. ES
varied from !3.64 to 26.89. The two largest ES reported (14.95 and 26.89) came from
maize intercropping systems in Africa (Midega et al., 2008; Sekamatte et al., 2003). On
the exclusion of these studies the maximum ES reported was 5.55 and the overall
mean ES was 0.81, significantly greater than zero (t-test: t ¼ 5.108, P ¼ 2.12 # 10!6). An
ES of this magnitude is considered large (Cohen, 1988) and is equivalent to an increase
in abundance from the 50th percentile (ES ¼ 0, i.e. no effect) to the 80th percentile of
the underlying distribution in natural enemy abundance. The shaded interval indicates
the 95% confidence interval [0.49, 1.31]. Data taken from Langellotto and Denno.
(2004), Bengtsson et al. (2005), Bat!ary et al. (2011), and Letourneau et al. (2011).
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Les bandes fleuries et les haies favorisent le contrôle 
biologique, avec un effet fort à proximité immédiate

Pollination services increased by 27% in 2 year old strips
compared with the youngest plantings (roughly 3 months
old), while the additional predicted increase from 2 to 4 years
or older strips was approximately 5% on average (Fig. 3b;
only few strips were older than four years, see Fig. 3b and
explanations in figure caption). Pest control services in crops
adjacent to flower strips did not increase with flower strip age
(Table 1).

Effects of landscape simplification

The model testing for a linear relationship between service
provision and landscape simplification and its interaction with
local flower presence fitted the data better than a model test-
ing for hump-shaped relationships (Table S3). Pollination, but
not pest control services, decreased linearly with landscape
simplification (12% decrease from 50 to 100% crops in the
surrounding landscape), irrespective of the presence of a floral
planting (no significant floral planting 9 landscape simplifica-
tion interaction; Fig 4; Table 1).

Effects of flower strips on crop yield

Overall, no significant effect of flower strips on yield in adja-
cent crops was detected (subset of 11 studies for which crop
yield data was available; Fig. 5; Table S4). Furthermore, no
effects of within-field distance, plant species richness, time
since establishment or landscape simplification, or their inter-
actions with flower strip presence on yield, were detected
(Table S4).

DISCUSSION

Our quantitative synthesis demonstrates a generally positive
effect of flower strips on pest control services but these effects
did not consistently translate into higher yields. Although in
most cases beneficial effects of plantings were also found for
crop pollination services, effects on crop pollination and final

Table 1 Summary of results of linear and generalised linear mixed-effects models testing the effects of presence and type of floral plantings (flower strips
and hedgerows) on crop pollination and natural pest control services, and how effects are influenced by in-field distance, local planting characteristics and
landscape context. Response variables, explanatory variables, estimates, numerator degrees of freedom and denominator degrees of freedom (Df), differ-
ences in log-likelihood for chi-squared tests (LRT) and P values (P < 0.05 in bold; P ≥ 0.05 < 0.10 in bold italic) are shown for each model. Note that
effects of local drivers (i.e. flowering plant species richness and time since establishment) considered only crops adjacent to flower strips

Response variable Explanatory variable Estimate Df LRT P-value

Effects of plantings
Natural pest control service Flower strip 0.254 1,316 7.26 0.007

Hedgerow 0.196 1,60 1.06 0.303
Crop pollination service Flower strip 0.032 1,170 0.06 0.808

Hedgerow 0.097 1,106 0.28 0.595
Distance effects
Natural pest control service Planting 9 log(distance) !0.051 1,590.9 1.35 0.245

Planting 0.199 1,590.4 5.92 0.015
Log(distance) !0.052 1,618.5 5.62 0.018

Crop pollination service Planting 9 log(distance) !0.082 1,445.3 5.73 0.017
Planting 0.315 1,420.8 2.40 0.121
Log(distance) !0.014 1,453.3 2.64 0.104

Effects of local drivers (flower strips)
Natural pest control service Flowering plant species richness !0.013 1,49.3 0.47 0.494

Log(time since establishment) 0.104 1,16.1 1.32 0.251
Crop pollination service Flowering plant species richness 0.036 1,49.8 3.39 0.066

Log(time since establishment) 0.276 1,10.9 3.47 0.062
Effects of landscape context
Natural pest control service Planting 9 landscape simplification !0.004 1,274.2 0.10 0.754

Planting 0.171 1,286.2 1.28 0.257
Landscape simplification !0.007 1,181.9 1.81 0.179

Crop pollination service Planting 9 landscape simplification !0.003 1,278.9 0.91 0.340
Planting 0.198 1,278.9 0.00 0.950
Landscape simplification !0.011 1,145.9 4.03 0.045

Figure 1 Forest plot showing effects of flower strips and hedgerows on
pollination and pest control service provisioning in adjacent crops
compared to control crops without adjacent floral plantings. Squares
illustrate predicted mean effects (z-score estimates), bars show 95%
confidence intervals (CIs). On average, pest control services were
enhanced by 16% (z-score: 0.25) in fields with adjacent flower strip
compared to control fields.

© 2020 The Authors. Ecology Letters published by John Wiley & Sons Ltd.
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Effet des IAE sur le contrôle biologique dans 
la parcelle adjacente par rapport à un témoin

Méta-analyse de 18 études (Albrecht et al., 2020)

crop yield were variable and overall not significant. The effect
of wildflower strips on pollination services increased with age
and species-richness suggesting that the quality of such plant-
ings plays a pivotal role in effective service provision. More-
over, crop pollination declined with increasing distance to
floral plantings (hedgerows and flower strips). These results
indicate that floral plantings have great potential to benefit
ecosystem service provision, but to do so will need to be care-
fully tailored for functioning at specific spatial scales. Flower
diversity and strip age are important drivers through which
this can be achieved and they should be considered integrally
before floral plantings can make a significant contribution to
the ecological intensification of agricultural production.
We found positive effects of flower strips on ecosystem ser-

vice provisioning in support of the ‘exporter’ hypothesis (sensu
Morandin and Kremen, 2013; Kremen et al., 2019), although
effects were generally variable and only significant for flower
strips enhancing pest control services by 16% on average.
This is an important finding as it provides general empirical
evidence that flower strips can reduce crop pest pressures
across various crops, landscape contexts and geographical
regions. One explanation for the more consistent positive
effects on pest control services of flower strips compared to
hedgerows may be that in many of the studied flower strips

the selection of flowering plants was tailored to the require-
ments of the target natural enemy taxa (Tschumi et al., 2015,
2016) while this was generally less the case in the studied
hedgerow plantings.
Wildflower plantings have been heralded as one of the

most effective measures to enhance the provision of ecosys-
tem service to crops (Kleijn et al., 2019) with many studies
showing positive effects on service provisioning (e.g. Blaauw
and Isaacs, 2014; Tschumi et al., 2015, 2016; included in this
quantitative synthesis). Our synthesis shows, however, that
although general significant effects of flower strips were
found for pest control service provisioning, effects of plant-
ings on crop pollination services were highly variable. This
highlights the need to better understand these conditions and
drivers of success or failure of floral plantings to promote
pollination services. Our synthesis identifies several drivers
explaining this variability in delivered services and therefore
offers pathways to enhance the effectiveness of these mea-
sures in the future.
First, the success of flower strips to promote crop pollina-

tion services increased with their age. The strongest increase
was detected up to roughly three years since the planting date.

Figure 2 Predicted relationships between (a) mean natural pest control
service and (b) mean crop pollination service (z-scores (solid lines) ! 95%
CI (dashed lines)) and in-field distance to field border for field with (red
lines; dots) or without adjacent floral planting (black lines, triangles).

Figure 3 Predicted relationships between mean crop pollination service (z-
scores (fat solid lines) ! 95% CI (fine solid lines)) and (a) flowering plant
species richness and (b) time since establishment of adjacent flower strips.
Predicted relationship and results of an analysis without the points
representing flower strips older than four years were qualitatively
identical.

© 2020 The Authors. Ecology Letters published by John Wiley & Sons Ltd.
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Prendre en compte le contrôle biologique lors de 
l’implantation de bandes fleuries
• Adapter la composition botanique pour réguler une diversité

de ravageurs de grandes cultures à l’échelle de la
rotation

• Bandes fleuries avec espèces horticoles, bandes de phacélie
ou de légumineuses, intéressantes pour les abeilles
domestiques et les bourdons, peu pour les auxiliaires.

• Favoriser la diversité (des espèces, des familles botaniques,
des périodes de floraison etc.)

• Gestion minimale une fois que les bandes sont bien
implantées



0.05

0.10

0.15

0.20

0.25

2013 2014 2015 2016 2017
Date

FD
is

Modalite

A1

A2

C1

C2

D1

D2

E1

E2

2013              2014             2015              2016             20172013      2014      2015      2016      2017

D
iv

er
si

té
 fo

nc
tio

nn
el

leComparaison de mélanges 
comprenant 9, 14 et 29 espèces :

Variation temporelle de la diversité fonctionnelle de la végétation
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✧ Un nombre d’espèces semées 
élevée compense les disparitions 
d’espèces
à plus grande stabilité

✧ Dynamiques globalement 
similaires pour les mélanges avec 
des listes d’espèces différentes

Variation temporelle de la diversité fonctionnelle de la végétation

Comparaison de mélanges 
comprenant 9, 14 et 29 espèces :



Conditions d’efficacité des bandes fleuries

• L’effet des bandes sur l’abondance et la diversité des insectes s’accroît avec leur âge (Lowe et al., 2021)

• En général, pas d’effet montré de la surface de la bande ou de la parcelle en MAE (Lowe et al., 2021)

• Effet le plus fort dans les paysages
simples à intermédiaires
avec des systèmes de culture intensifs
(Marja Riho et al., 2019)

Surtout montrées pour les pollinisateurs   

Contraste 
le plus 
marqué

O. Crouzet
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Le système de culture module-t-il l’effet des bandes sur 
les arthropodes épigés ?

Thèse de Lola Serée



Le système de culture module-t-il l’effet des bandes sur 
les oiseaux ?

Thèse de Lola Serée
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✧ Bandes fleuries : contribution démontrée à la régulation des ravageurs
Mais d’ampleur variable

à fiabiliser ces régulations, efficacité à mieux quantifier pour plus de
robustesse et d’opérationnalité
à valoriser les autres services rendus.

Conclusions

✧ Effet positif des ressources en nectar accessible sur le
taux de parasitisme de plusieurs ravageurs
à importance de la composition en espèces !

✧ Un nombre d’espèces semées élevé garantit des
mélanges fonctionnellement diversifiés pendant au
moins 5 ans.

✧ Importance de soigner l’implantation

✧ Complémentarité entre bandes et systèmes de
culture.


