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Directive concernant la répartition de l’overhead du Fonds 
national 
 
 
 

Le rectorat, 
 

vu le règlement des subsides overhead du Fonds national suisse de la 
recherche scientifique (FNS), du 15 octobre 2008, 

vu l’art. 78 de la loi sur l’Université (LU), du 5 novembre 2002, 

vu l’art. 10 lettre h du règlement général d’organisation de l’Université 
(RGOU), du 11 octobre 2005, 
 
 
arrête: 
 
 
Article premier   La présente directive a pour objet la répartition interne des 
subsides que le FNS octroie à l’Université à titre d’indemnisation des frais 
indirects de la recherche (subsides overhead). 
 
Art. 2   Les subsides overhead du FNS sont répartis annuellement à parts 
égales entre le rectorat et les facultés. 
 
2La part dévolue aux facultés est répartie entre les cinq facultés selon une 
clé de répartition arrêtée par le rectorat qui tient compte du nombre de 
professeurs et professeures, du nombre d’étudiants et étudiantes, du 
nombre de projets de recherche et du nombre de thèses soutenues. Elle est 
destinée à l’encouragement et au soutien des projets de recherche. 
 
Art. 3   La part dévolue au rectorat est affectée à raison de 30 % aux 
congés scientifiques des professeurs, de 30% à l’encouragement de la 
recherche (préparation d’un projet type NCCR, invitation d’un professeur 
étranger, achat d’équipement non prévu, organisation de congrès, etc.), de 
20% aux achats de bibliothèque (par ex. abonnements web), de 20% aux 
frais d’infrastructure. 
 
Art. 4   1La part affectée aux facultés est elle-même divisée en deux parties, 
l’une pour promouvoir le lancement de nouveaux projets (75%) et l’autre 
pour soutenir des projets en cours, par exemple pour assurer des travaux 
de consolidation ou de valorisation d’une recherche (25%). 
 
2Pour promouvoir le lancement d’un nouveau projet, les membres du corps 
professoral et du corps intermédiaire, titulaires d’un doctorat (ci-après les 
chercheurs et chercheuses) peuvent solliciter auprès du décanat concerné 
un capital de départ (seed money) en vue de l’engagement d’un 
collaborateur ou d’une collaboratrice scientifique pendant trois mois au 
maximum. D’autres modes de soutien, spécifiques aux besoins de chaque 
faculté, peuvent être soumis au décanat et ratifiés par le rectorat. 

Objet 

Principes de 
répartition 

Part dévolue au 
rectorat 

Part dévolue aux 
facultés 



qu’évoquent les abeilles…



qu’évoquent les abeilles…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



les abeilles et l’agriculture…



une table sans abeilles…



une table sans abeilles…



une table sans abeilles…



une table sans abeilles…



une table sans abeilles…



que sont les abeilles sauvages



abeilles sauvages 
• solitaires ou eusociales
• eusocialité “primitive” 

(pas d’hivernage des colonies)
• pas de production de miel
• larves nourries sans 

sécrétions glandulaires
• pas de varroa!
• dans la règle: pas d’élevage

que sont les abeilles sauvages

abeilles mellifères
• eusociale
• eusocialité

“avancée”
• miel
• larves nourries 

avec des sécrétions 
glandulaires

• colonies maintenues 
par les apiculteurs



Nid d’Osmia
bicornis

Cycle de vie et développement d’une espèce solitaire

Paul Westrich



Cellule d’andrène Nid de Lasioglossum

Cellule (gauche) et nid d’espèces nichant dans le sol

Photo Paul WestrichPhoto Albert Krebs



abeilles sauvages 
20’000 espèces dans le monde
630 espèces en Suisse

diversité des abeilles

abeilles mellifères
1 espèce!



abeilles mellifères
1 espèce!

OFEV

diversité des abeilles
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Oertli et al. 2005 European J Entomology



L’importance des abeilles sauvages…

Exemples de fleurs non-visitées par Apis mellifera…



Garibaldi et al. 2013, Science

L’importance des abeilles sauvages…

• jusque vers 2000: on part du principe
qu’env. 80% de la pollinisation des 
cultures est accomplie par l’abeille
mellifère

• ensuite: de nombreuse études ont
démontré l’importance des pollinisateurs
sauvages

Breeze et al. 2011, Agric Ecosyst Environ; Breeze et al. 2014, 
PlosOne;  Klein et al. 2003, Proc Roy Soc B; Vicens & Bosch 2000, 
Enviro Entomol; Woodcock et al. 2013, Agric Ecosyst Environ; 
Holzschuh et al. 2012, Biol Conserv; Garibaldi et al. 2013, 
Science.



Wild Pollinators Enhance Fruit
Set of Crops Regardless of
Honey Bee Abundance
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The diversity and abundance of wild insect pollinators have declined in many agricultural landscapes.
Whether such declines reduce crop yields, or are mitigated by managed pollinators such as honey
bees, is unclear. We found universally positive associations of fruit set with flower visitation by wild
insects in 41 crop systems worldwide. In contrast, fruit set increased significantly with flower visitation
by honey bees in only 14% of the systems surveyed. Overall, wild insects pollinated crops more
effectively; an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent
increase in honey bee visitation. Visitation by wild insects and honey bees promoted fruit set
independently, so pollination by managed honey bees supplemented, rather than substituted for,
pollination by wild insects. Our results suggest that new practices for integrated management of
both honey bees and diverse wild insect assemblages will enhance global crop yields.

Human persistence depends on many nat-
ural processes, termed ecosystem ser-
vices, which are usually not accounted

for in market valuations. The global degrada-
tion of such services can undermine the ability
of agriculture to meet the demands of the grow-
ing, increasingly affluent, human population (1, 2).
Pollination of crop flowers by wild insects is
one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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tion of such services can undermine the ability
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ing, increasingly affluent, human population (1, 2).
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one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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The diversity and abundance of wild insect pollinators have declined in many agricultural landscapes.
Whether such declines reduce crop yields, or are mitigated by managed pollinators such as honey
bees, is unclear. We found universally positive associations of fruit set with flower visitation by wild
insects in 41 crop systems worldwide. In contrast, fruit set increased significantly with flower visitation
by honey bees in only 14% of the systems surveyed. Overall, wild insects pollinated crops more
effectively; an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent
increase in honey bee visitation. Visitation by wild insects and honey bees promoted fruit set
independently, so pollination by managed honey bees supplemented, rather than substituted for,
pollination by wild insects. Our results suggest that new practices for integrated management of
both honey bees and diverse wild insect assemblages will enhance global crop yields.

Human persistence depends on many nat-
ural processes, termed ecosystem ser-
vices, which are usually not accounted

for in market valuations. The global degrada-
tion of such services can undermine the ability
of agriculture to meet the demands of the grow-
ing, increasingly affluent, human population (1, 2).
Pollination of crop flowers by wild insects is
one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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The diversity and abundance of wild insect pollinators have declined in many agricultural landscapes.
Whether such declines reduce crop yields, or are mitigated by managed pollinators such as honey
bees, is unclear. We found universally positive associations of fruit set with flower visitation by wild
insects in 41 crop systems worldwide. In contrast, fruit set increased significantly with flower visitation
by honey bees in only 14% of the systems surveyed. Overall, wild insects pollinated crops more
effectively; an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent
increase in honey bee visitation. Visitation by wild insects and honey bees promoted fruit set
independently, so pollination by managed honey bees supplemented, rather than substituted for,
pollination by wild insects. Our results suggest that new practices for integrated management of
both honey bees and diverse wild insect assemblages will enhance global crop yields.

Human persistence depends on many nat-
ural processes, termed ecosystem ser-
vices, which are usually not accounted

for in market valuations. The global degrada-
tion of such services can undermine the ability
of agriculture to meet the demands of the grow-
ing, increasingly affluent, human population (1, 2).
Pollination of crop flowers by wild insects is
one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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The diversity and abundance of wild insect pollinators have declined in many agricultural landscapes.
Whether such declines reduce crop yields, or are mitigated by managed pollinators such as honey
bees, is unclear. We found universally positive associations of fruit set with flower visitation by wild
insects in 41 crop systems worldwide. In contrast, fruit set increased significantly with flower visitation
by honey bees in only 14% of the systems surveyed. Overall, wild insects pollinated crops more
effectively; an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent
increase in honey bee visitation. Visitation by wild insects and honey bees promoted fruit set
independently, so pollination by managed honey bees supplemented, rather than substituted for,
pollination by wild insects. Our results suggest that new practices for integrated management of
both honey bees and diverse wild insect assemblages will enhance global crop yields.

Human persistence depends on many nat-
ural processes, termed ecosystem ser-
vices, which are usually not accounted

for in market valuations. The global degrada-
tion of such services can undermine the ability
of agriculture to meet the demands of the grow-
ing, increasingly affluent, human population (1, 2).
Pollination of crop flowers by wild insects is
one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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Résultats:
• relation positive (significative) entre les visites par l’abeille domestique et 

la production de graine ou de fruits uniquement dans 14% des cultures
• les pollinisateurs naturels contribuent significativement à la production 

de graines/fruits dans toutes les cultures
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subject to a lack of resources limiting fruit set, but was caused by a
lack of pollinators (Burd, 1994).

4.2. Pollination efficiency of wild bees vs. honey bees

Although honeybee abundances were twice as high as wild bee
abundances, fruit set was significantly enhanced by wild bees, but
not by honey bees, suggesting that wild bees are more efficient in
pollinating sweet cherry than honey bees. To date, there has been
only anecdotal evidence that solitary bees are more efficient in
cherry pollination than honeybees provided by a study lacking rep-
licates, controls and data on visitation rates (Bosch et al., 2006).

A higher pollination efficiency of solitary bees compared to hon-
ey bees can have three causes: more efficient pollen deposition,
greater exchange of pollen between compatible cultivars, and indi-
rect effects by interspecific interactions with honey bees.

In blueberry, solitary Andrena bees deposit four times as much
pollen per visit as honey bees (Javorek et al., 2002). While solitary
bees feed on nectar and collect pollen at the same time, thereby

getting in contact with the reproductive flower parts, nectar-col-
lecting honey bees have less contact to the reproductive parts
resulting in reduced pollen deposition. Also in watermelon, the
number of deposited pollen grains increases with wild bee visita-
tion, but not with honeybee visitation (Winfree et al., 2007). How-
ever, results from one crop can hardly be transferred to another
crop because pollination efficiency of honey bees strongly depends
on flower morphology (Wilson and Thomson, 1991). Besides pollen
deposition per visit, the number of flowers visited per individual
and day, and the amount of pollen that an individual removes from
the system often differ between pollinator species (Ivey et al.,
2003).

To enhance fruit set in a crop that depends on cross-pollination
by a compatible cultivar, the frequent exchange of pollen between
different plants, which, for example, grow in different rows, is even
more important than a high amount of deposited pollen. Honey
bees rarely change between fruit-tree rows during one foraging
trip (Free and Spencer-Booth, 1966), and the solitary bee Osmia
cornuta have been found to move more often between almond-tree

Table 1
Results from linear regression models assessing effects of bee visitation on fruit set (direct effects), and effects of high-diversity bee habitats in 1 km radius and of flower cover on
ground transects on fruit set (indirect effects), bee visitation in cherry trees, and bee densities on ground transects (n = 8 orchards).

Response variable Fixed factor Slope R2 F1,6 p

Fruit set (direct effects) Wild bee visitation (+) 0.05 0.54 9.1 0.024
Fruit set (indirect effects) High-diversity habitats (+) 0.37 0.68 13.0 0.001
Wild bee visitation High-diversity habitats (+) 5.25 0.53 8.9 0.024
Honey bee visitation No model
Wild bee transect densities Flower cover (+) 98.1 0.43 6.3 0.046
Honey bee transect densities No model
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Fig. 3. Effect of (A) wild bee visitation, (B) honeybee visitation, and (C) proportion of high-diversity bee habitats in 1 km radius on fruit set in cherry trees. (D) Effect of the
proportion of high-diversity bee habitats in 1 km radius on wild bee visitation. Visitation rates are number of individuals per 1000 flowers in 60 min. Solid lines indicate
significant regressions (p < 0.05), dashed lines non-significant regressions (p > 0.05). See Table 1 for the results from linear regression models with fruit set and visitation rates
averaged per orchard.
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subject to a lack of resources limiting fruit set, but was caused by a
lack of pollinators (Burd, 1994).

4.2. Pollination efficiency of wild bees vs. honey bees

Although honeybee abundances were twice as high as wild bee
abundances, fruit set was significantly enhanced by wild bees, but
not by honey bees, suggesting that wild bees are more efficient in
pollinating sweet cherry than honey bees. To date, there has been
only anecdotal evidence that solitary bees are more efficient in
cherry pollination than honeybees provided by a study lacking rep-
licates, controls and data on visitation rates (Bosch et al., 2006).

A higher pollination efficiency of solitary bees compared to hon-
ey bees can have three causes: more efficient pollen deposition,
greater exchange of pollen between compatible cultivars, and indi-
rect effects by interspecific interactions with honey bees.

In blueberry, solitary Andrena bees deposit four times as much
pollen per visit as honey bees (Javorek et al., 2002). While solitary
bees feed on nectar and collect pollen at the same time, thereby

getting in contact with the reproductive flower parts, nectar-col-
lecting honey bees have less contact to the reproductive parts
resulting in reduced pollen deposition. Also in watermelon, the
number of deposited pollen grains increases with wild bee visita-
tion, but not with honeybee visitation (Winfree et al., 2007). How-
ever, results from one crop can hardly be transferred to another
crop because pollination efficiency of honey bees strongly depends
on flower morphology (Wilson and Thomson, 1991). Besides pollen
deposition per visit, the number of flowers visited per individual
and day, and the amount of pollen that an individual removes from
the system often differ between pollinator species (Ivey et al.,
2003).

To enhance fruit set in a crop that depends on cross-pollination
by a compatible cultivar, the frequent exchange of pollen between
different plants, which, for example, grow in different rows, is even
more important than a high amount of deposited pollen. Honey
bees rarely change between fruit-tree rows during one foraging
trip (Free and Spencer-Booth, 1966), and the solitary bee Osmia
cornuta have been found to move more often between almond-tree

Table 1
Results from linear regression models assessing effects of bee visitation on fruit set (direct effects), and effects of high-diversity bee habitats in 1 km radius and of flower cover on
ground transects on fruit set (indirect effects), bee visitation in cherry trees, and bee densities on ground transects (n = 8 orchards).

Response variable Fixed factor Slope R2 F1,6 p

Fruit set (direct effects) Wild bee visitation (+) 0.05 0.54 9.1 0.024
Fruit set (indirect effects) High-diversity habitats (+) 0.37 0.68 13.0 0.001
Wild bee visitation High-diversity habitats (+) 5.25 0.53 8.9 0.024
Honey bee visitation No model
Wild bee transect densities Flower cover (+) 98.1 0.43 6.3 0.046
Honey bee transect densities No model
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subject to a lack of resources limiting fruit set, but was caused by a
lack of pollinators (Burd, 1994).

4.2. Pollination efficiency of wild bees vs. honey bees

Although honeybee abundances were twice as high as wild bee
abundances, fruit set was significantly enhanced by wild bees, but
not by honey bees, suggesting that wild bees are more efficient in
pollinating sweet cherry than honey bees. To date, there has been
only anecdotal evidence that solitary bees are more efficient in
cherry pollination than honeybees provided by a study lacking rep-
licates, controls and data on visitation rates (Bosch et al., 2006).

A higher pollination efficiency of solitary bees compared to hon-
ey bees can have three causes: more efficient pollen deposition,
greater exchange of pollen between compatible cultivars, and indi-
rect effects by interspecific interactions with honey bees.

In blueberry, solitary Andrena bees deposit four times as much
pollen per visit as honey bees (Javorek et al., 2002). While solitary
bees feed on nectar and collect pollen at the same time, thereby

getting in contact with the reproductive flower parts, nectar-col-
lecting honey bees have less contact to the reproductive parts
resulting in reduced pollen deposition. Also in watermelon, the
number of deposited pollen grains increases with wild bee visita-
tion, but not with honeybee visitation (Winfree et al., 2007). How-
ever, results from one crop can hardly be transferred to another
crop because pollination efficiency of honey bees strongly depends
on flower morphology (Wilson and Thomson, 1991). Besides pollen
deposition per visit, the number of flowers visited per individual
and day, and the amount of pollen that an individual removes from
the system often differ between pollinator species (Ivey et al.,
2003).

To enhance fruit set in a crop that depends on cross-pollination
by a compatible cultivar, the frequent exchange of pollen between
different plants, which, for example, grow in different rows, is even
more important than a high amount of deposited pollen. Honey
bees rarely change between fruit-tree rows during one foraging
trip (Free and Spencer-Booth, 1966), and the solitary bee Osmia
cornuta have been found to move more often between almond-tree

Table 1
Results from linear regression models assessing effects of bee visitation on fruit set (direct effects), and effects of high-diversity bee habitats in 1 km radius and of flower cover on
ground transects on fruit set (indirect effects), bee visitation in cherry trees, and bee densities on ground transects (n = 8 orchards).

Response variable Fixed factor Slope R2 F1,6 p

Fruit set (direct effects) Wild bee visitation (+) 0.05 0.54 9.1 0.024
Fruit set (indirect effects) High-diversity habitats (+) 0.37 0.68 13.0 0.001
Wild bee visitation High-diversity habitats (+) 5.25 0.53 8.9 0.024
Honey bee visitation No model
Wild bee transect densities Flower cover (+) 98.1 0.43 6.3 0.046
Honey bee transect densities No model
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significant regressions (p < 0.05), dashed lines non-significant regressions (p > 0.05). See Table 1 for the results from linear regression models with fruit set and visitation rates
averaged per orchard.
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subject to a lack of resources limiting fruit set, but was caused by a
lack of pollinators (Burd, 1994).

4.2. Pollination efficiency of wild bees vs. honey bees

Although honeybee abundances were twice as high as wild bee
abundances, fruit set was significantly enhanced by wild bees, but
not by honey bees, suggesting that wild bees are more efficient in
pollinating sweet cherry than honey bees. To date, there has been
only anecdotal evidence that solitary bees are more efficient in
cherry pollination than honeybees provided by a study lacking rep-
licates, controls and data on visitation rates (Bosch et al., 2006).

A higher pollination efficiency of solitary bees compared to hon-
ey bees can have three causes: more efficient pollen deposition,
greater exchange of pollen between compatible cultivars, and indi-
rect effects by interspecific interactions with honey bees.

In blueberry, solitary Andrena bees deposit four times as much
pollen per visit as honey bees (Javorek et al., 2002). While solitary
bees feed on nectar and collect pollen at the same time, thereby

getting in contact with the reproductive flower parts, nectar-col-
lecting honey bees have less contact to the reproductive parts
resulting in reduced pollen deposition. Also in watermelon, the
number of deposited pollen grains increases with wild bee visita-
tion, but not with honeybee visitation (Winfree et al., 2007). How-
ever, results from one crop can hardly be transferred to another
crop because pollination efficiency of honey bees strongly depends
on flower morphology (Wilson and Thomson, 1991). Besides pollen
deposition per visit, the number of flowers visited per individual
and day, and the amount of pollen that an individual removes from
the system often differ between pollinator species (Ivey et al.,
2003).

To enhance fruit set in a crop that depends on cross-pollination
by a compatible cultivar, the frequent exchange of pollen between
different plants, which, for example, grow in different rows, is even
more important than a high amount of deposited pollen. Honey
bees rarely change between fruit-tree rows during one foraging
trip (Free and Spencer-Booth, 1966), and the solitary bee Osmia
cornuta have been found to move more often between almond-tree

Table 1
Results from linear regression models assessing effects of bee visitation on fruit set (direct effects), and effects of high-diversity bee habitats in 1 km radius and of flower cover on
ground transects on fruit set (indirect effects), bee visitation in cherry trees, and bee densities on ground transects (n = 8 orchards).

Response variable Fixed factor Slope R2 F1,6 p

Fruit set (direct effects) Wild bee visitation (+) 0.05 0.54 9.1 0.024
Fruit set (indirect effects) High-diversity habitats (+) 0.37 0.68 13.0 0.001
Wild bee visitation High-diversity habitats (+) 5.25 0.53 8.9 0.024
Honey bee visitation No model
Wild bee transect densities Flower cover (+) 98.1 0.43 6.3 0.046
Honey bee transect densities No model
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Figure 1. Fruit set of C. arabica in relation to species
number and abundance of bees in each of the 24
agroforestry systems (bees observed three times on full-
blooming coffee plants). (a) Fruit set as a function of open-
pollination and bee species richness ( y = 58.56 1 1.81x,
F = 17.90, r2 = 0.449, n = 24, p , 0.001). (b) Fruit set as a
function of open-pollination and bee abundance (F = 2.49,
r2 = 0.102, n = 24, p = 0.13). (c) Fruit set as a function of
manual cross-pollination and bee species richness (F = 0.14,
r2 = 0.309, n = 24, p = 0.14).

vegetation. Light intensity per study site was measured with
a luxmeter (digital light gauge with four ranges from
0–1999 W m22) under standardized conditions (on the ground
and on sunny days, local time 0900–1500) and the mean of 20
measurements was calculated. The vegetation was mapped twice
per study site, within a 25 m2 plot for herbs and within a 100 m2

plot for shrubs and trees, resulting in estimates of the number
of total plant species and the percentage of vegetation cover.

Proc. R. Soc. Lond. B (2003)

Percentage cover of coffee plants in flower and percentage cover
of all non-coffee plants in flower (which were all herbs) were
recorded for each site to estimate the resource availability for
flower-visiting bees. Distance to the nearest forest ranged from
inside the forest margin to a distance of 1415 m, measured with
a GPS (Global Positioning System 12, Garmin International
Olathe, Kansas, USA).

(b) Flower-visiting bees and fruit set
Flower-visiting bees on C. arabica were observed from 28

December 2000 to 9 January 2001. The flowers generally open
just before dawn and last for 2 days, but usually, depending on
the weather conditions, a coffee flower is attractive to flower-
visiting bees for only 1 day. At each study site we observed
flower visitors for 25 minutes on each of three different days.
Every day we observed a different full-blooming coffee plant
from the one observed the day before and with about 100 flow-
ers, on sunny days between 0900 and 1400 (local time). All
flower visitors were counted within these 75 minutes. After each
25-minute observation period, bees were caught for 5 minutes
by sweep-netting, for species identification. Social bees were
identified with the help of a collection from Gard Otis, Univer-
sity of Guelph, Canada. Solitary bees were identified by Donald
B. Baker, Oxford University Museum of Natural History, UK.

For each of three treatments, open-pollination, cross-polli-
nation by hand and self-pollination by hand, we selected four
coffee shrubs per study site (four sets of three branches in each
of the 24 sites, resulting in a total of 288 branches). Bags of very
fine nylon mesh gauze (10 mm) were used for the hand- and self-
pollination experiments to exclude wind-pollination and were
fixed on the coffee branches 1–6 days before flowering, following
Willmer & Stone (1989). Sticky glue was put on the branch
beneath the bagged flowers to exclude ants. Pollen was trans-
ferred to stigmas with a brush on the first day of flower opening.
The numbers of flowers on the observed bagged and open
branches were counted, and the branches were tagged. Hand-
pollination and open-pollination experiments were conducted in
the same week as flower-visitors were counted. Five weeks after
the end of the major flowering period, the bags were removed
and the numbers of green ovules were counted on tagged hand-
and open-pollinated branches.

At the beginning of June 2001, 10 coffee plants at one site
(unshaded polyculture) were selected to test experimentally the
pollen transfer efficiencies of different bee species. Twenty
branches with dense and mature buds were bagged on each of
the 10 plants 4 days before flowering, using fine nylon mesh
gauze (10 mm). When the flowers started to open, the bags were
removed (one by one), so the bees could visit the still virginal
flowers. Immediately after one bee had visited a single flower,
the flower was marked with a species-specific colour and the
branch was bagged again. After five weeks, we removed the bags
from the fruiting branches and counted the numbers of green
ovules in marked flowers only. Normally two ovules develop into
a coffee fruit. Sometimes only one of the two ovules in a coffee
flower develops into a fruit, a condition known as ‘pea berry’
(Raw & Free 1977). We found only 0.92% of such ‘pea berries’
in 12 000 coffee fruits. Therefore we neglected possible differ-
ences between ‘pea berries’ and complete fruits in our study.
Terminal flowers may have smaller fruits and a lower probability
of fruit set than basal flowers (Corbet 1999), but in our experi-
ments we observed only terminal flowers, so these possible dif-
ferences did not affect our results.
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Figure 1. Fruit set of C. arabica in relation to species
number and abundance of bees in each of the 24
agroforestry systems (bees observed three times on full-
blooming coffee plants). (a) Fruit set as a function of open-
pollination and bee species richness ( y = 58.56 1 1.81x,
F = 17.90, r2 = 0.449, n = 24, p , 0.001). (b) Fruit set as a
function of open-pollination and bee abundance (F = 2.49,
r2 = 0.102, n = 24, p = 0.13). (c) Fruit set as a function of
manual cross-pollination and bee species richness (F = 0.14,
r2 = 0.309, n = 24, p = 0.14).

vegetation. Light intensity per study site was measured with
a luxmeter (digital light gauge with four ranges from
0–1999 W m22) under standardized conditions (on the ground
and on sunny days, local time 0900–1500) and the mean of 20
measurements was calculated. The vegetation was mapped twice
per study site, within a 25 m2 plot for herbs and within a 100 m2

plot for shrubs and trees, resulting in estimates of the number
of total plant species and the percentage of vegetation cover.

Proc. R. Soc. Lond. B (2003)

Percentage cover of coffee plants in flower and percentage cover
of all non-coffee plants in flower (which were all herbs) were
recorded for each site to estimate the resource availability for
flower-visiting bees. Distance to the nearest forest ranged from
inside the forest margin to a distance of 1415 m, measured with
a GPS (Global Positioning System 12, Garmin International
Olathe, Kansas, USA).

(b) Flower-visiting bees and fruit set
Flower-visiting bees on C. arabica were observed from 28

December 2000 to 9 January 2001. The flowers generally open
just before dawn and last for 2 days, but usually, depending on
the weather conditions, a coffee flower is attractive to flower-
visiting bees for only 1 day. At each study site we observed
flower visitors for 25 minutes on each of three different days.
Every day we observed a different full-blooming coffee plant
from the one observed the day before and with about 100 flow-
ers, on sunny days between 0900 and 1400 (local time). All
flower visitors were counted within these 75 minutes. After each
25-minute observation period, bees were caught for 5 minutes
by sweep-netting, for species identification. Social bees were
identified with the help of a collection from Gard Otis, Univer-
sity of Guelph, Canada. Solitary bees were identified by Donald
B. Baker, Oxford University Museum of Natural History, UK.

For each of three treatments, open-pollination, cross-polli-
nation by hand and self-pollination by hand, we selected four
coffee shrubs per study site (four sets of three branches in each
of the 24 sites, resulting in a total of 288 branches). Bags of very
fine nylon mesh gauze (10 mm) were used for the hand- and self-
pollination experiments to exclude wind-pollination and were
fixed on the coffee branches 1–6 days before flowering, following
Willmer & Stone (1989). Sticky glue was put on the branch
beneath the bagged flowers to exclude ants. Pollen was trans-
ferred to stigmas with a brush on the first day of flower opening.
The numbers of flowers on the observed bagged and open
branches were counted, and the branches were tagged. Hand-
pollination and open-pollination experiments were conducted in
the same week as flower-visitors were counted. Five weeks after
the end of the major flowering period, the bags were removed
and the numbers of green ovules were counted on tagged hand-
and open-pollinated branches.

At the beginning of June 2001, 10 coffee plants at one site
(unshaded polyculture) were selected to test experimentally the
pollen transfer efficiencies of different bee species. Twenty
branches with dense and mature buds were bagged on each of
the 10 plants 4 days before flowering, using fine nylon mesh
gauze (10 mm). When the flowers started to open, the bags were
removed (one by one), so the bees could visit the still virginal
flowers. Immediately after one bee had visited a single flower,
the flower was marked with a species-specific colour and the
branch was bagged again. After five weeks, we removed the bags
from the fruiting branches and counted the numbers of green
ovules in marked flowers only. Normally two ovules develop into
a coffee fruit. Sometimes only one of the two ovules in a coffee
flower develops into a fruit, a condition known as ‘pea berry’
(Raw & Free 1977). We found only 0.92% of such ‘pea berries’
in 12 000 coffee fruits. Therefore we neglected possible differ-
ences between ‘pea berries’ and complete fruits in our study.
Terminal flowers may have smaller fruits and a lower probability
of fruit set than basal flowers (Corbet 1999), but in our experi-
ments we observed only terminal flowers, so these possible dif-
ferences did not affect our results.
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Synergistic effects of non-Apis bees and
honey bees for pollination services
Claire Brittain1,2, Neal Williams2, Claire Kremen3 and Alexandra-Maria Klein1

1Institute of Ecology, Ecosystem Functions, Leuphana University of Lüneburg, Lüneburg, Germany
2Department of Entomology, University of California in Davis, Davis, CA 95616, USA
3Environmental Sciences Policy and Management, University of California in Berkeley, Berkeley, CA 94720, USA

In diverse pollinator communities, interspecific interactions may modify the
behaviour and increase the pollination effectiveness of individual species.
Because agricultural production reliant on pollination is growing, improving
pollination effectiveness could increase crop yield without any increase in
agricultural intensity or area. In California almond, a crop highly dependent
on honey bee pollination, we explored the foraging behaviour and pollina-
tion effectiveness of honey bees in orchards with simple (honey bee only)
and diverse (non-Apis bees present) bee communities. In orchards with
non-Apis bees, the foraging behaviour of honey bees changed and the polli-
nation effectiveness of a single honey bee visit was greater than in orchards
where non-Apis bees were absent. This change translated to a greater pro-
portion of fruit set in these orchards. Our field experiments show that
increased pollinator diversity can synergistically increase pollination service,
through species interactions that alter the behaviour and resulting functional
quality of a dominant pollinator species. These results of functional synergy
between species were supported by an additional controlled cage exper-
iment with Osmia lignaria and Apis mellifera. Our findings highlight a
largely unexplored facilitative component of the benefit of biodiversity to
ecosystem services, and represent a way to improve pollinator-dependent
crop yields in a sustainable manner.

1. Introduction
There are a growing number of examples of a positive relationship between
diversity and ecosystem services [1–3]. As an ecosystem service, pollination
can increase the fruit or seed quality or quantity of 39 of the world’s 57 major
crops [4], and a more diverse pollinator community has been found to improve
pollination service [5–7]. For some crops, wild bees are more effective pollinators
on a per visit basis than honey bees [8,9] and/or can functionally complement the
dominant visitor [6,10–12]. A less explored reason is that in diverse communities,
interspecific interactions potentially alter behaviour in ways that increase pollina-
tion effectiveness [13]. Little is known about how community composition affects
pollinator behaviour and the role such species interactions play in determining
diversity–ecosystem service relationships.

Interspecific interactions can result in non-additive impacts of diversity on
ecosystem functions. Examples include the facilitation of resource capture in
diverse groups of aquatic arthropods [14], and non-additive increases in pest
suppression and alfalfa (Medicago sativa L.) production in enclosures with
diverse natural enemy guilds [15]. In diverse communities, one mechanism
by which species interactions may augment function is the potential to
modify the behaviour and the resulting effectiveness of the ecosystem service
providers. Interactions with non-Apis bees cause Apis mellifera L. to move
more often between rows of sunflower (Helianthus annuus L., planted with alter-
nate rows of male and female cultivars) [13,16], increasing their pollination
efficiency (number of seeds produced per visit) [13]. Such changes in pollinator
movement are particularly important in crop species with separate male and
female flowers, and those with self-incompatibility (e.g. almond Prunus dulcis
Mill.). As well as direct interaction and disturbance [13,16], avoidance of

& 2013 The Author(s) Published by the Royal Society. All rights reserved.

interspecific chemical cues [17,18] and resource competition
[19] have the potential to alter pollinator foraging movements.

Global human population growth is putting greater
pressure on agricultural production [20,21]. There is concern
over how to meet the increasing demand for food, while at the
same time safeguarding ecosystems and biodiversity [22–24].
In the future, land currently under agricultural production
will have to be more intensively managed to increase yields
and/or more land will have to be converted to agriculture
[25–27]. Given the negative impact agriculture has already
had on biodiversity [28–30], it is important that future steps to
increase production be made environmentally sustainable [22].

In the last 50 years, the fraction of agricultural production
requiring biotic pollination has more than tripled [31]. When
compared with crops that are not pollinator-dependent, those
that are moderately pollinator-dependent have shown slower
growth in yield and faster expansion in area from 1961 to
2006 [32]. Almond is a mass-flowering, varietally self-incom-
patible crop species, highly dependent on biotic pollination
[4]. Almond orchards are generally planted with alternating
rows of two or more varieties. Planting a single variety per
row facilitates harvest, but complicates pollination because
pollen must be transferred between rows to achieve fruit
set. To allow for management activities, trees between rows
are further apart than those within the same row (local
standard of 6.7 m between rows and 4.9 m within rows).
Apis mellifera tend to forage within a tree and then move
down the same row, probably because less effort is required
to move to the next tree in the same row or because the
rows act as visual markers that influence movement [33].
This foraging pattern means A. mellifera tend to move more
incompatible pollen, limiting their pollination effectiveness.

In almond, we investigated whether the presence of non-
Apis bees affected the behaviour and pollination service of the
dominant pollinator species, A. mellifera. Often almond orch-
ards are isolated from natural habitat and non-Apis bees can
be completely absent [7]. Therefore, we were able to compare
A. mellifera behaviour and pollination effectiveness in diverse
bee communities (orchards with non-Apis bees) with orch-
ards lacking non-Apis bees. Here, we refer to pollinator
effectiveness as the probability an ovule is fertilized following
a single visit [34]. We complemented our intensive field

sampling with observations in a controlled cage environ-
ment, where A. mellifera were introduced along with the
blue orchard bee Osmia lignaria Say [35]. We hypothesized
that where non-Apis bees were present, such as in sunflower
[13,16], interspecific interactions would cause A. mellifera to
more frequently move between rows. We further hypothesized
that an increase in between-row movements by A. mellifera
would increase their pollination effectiveness and increase
fruit set (figure 1).

2. Material and methods
Fieldwork took place from February to July 2008–2011 in 25
almond orchards. All orchards in the study were located in
northern California (378410 –388570 N and 1208430 –1228140 W).
The minimum distance between sites was 1 km (average
2.8 km), and the average tree height was 6.2 m in orchards
with non-Apis bees and 6.1 m in orchards without.

(a) Open orchards: movement between trees
In 2011, A. mellifera movements were observed in five orchards iso-
lated from natural habitat, where non-Apis bees were not present.
The number of movements by A. mellifera was counted between
two trees of different varieties across the orchard row for 1 min.
This was repeated a minimum of four times, counting movements
between the same two rows, between different adjacent trees. The
number of movements by A. mellifera was also counted between
two adjacent trees of the same variety within the same orchard
row. These two counts were repeated a minimum of eight times
down a row along adjacent trees (four times along one row and
four times along the other). The same observations were made in
five orchards where non-Apis bees were present [8]. Four of the
orchards contained wild bees such as Bombus vosnesenskii Rad.
and Bombus melanopygus Nyl., and the fifth contained the managed
native blue orchard bee O. lignaria.

(b) Open orchards: single visit pollination effectiveness
In 2009, we categorized 14 almond orchards either as having
non-Apis bees (n ¼ 7) or lacking non-Apis bees (n ¼ 7), based
on standard observations of flower visitors (80 min per orchard).
In each orchard, we covered a set of almond branches with mesh
bags before flowering to exclude pollinator visits. Once an

A. mellifera only

A. mellifera when
non-Apis bees present

between-row movement pollen tube growth fruit set

Figure 1. The impact of the presence of non-Apis bees on Apis mellifera movement, pollination effectiveness and fruit set in almond orchards. For pollen tube
growth, the top half of the style depicts pollen deposition and the initiation of pollen tube growth. The second part depicts pollen tube growth to the base of the
style and the potential consequences for fertilization.
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Figure 1 | A. Répartition des cultures entomophiles: pourcentage représenté par les cultures entomophiles dans la surface agricole utile de 
toutes les communes suisses. B. Degré de couverture des cultures entomophiles par les abeilles domestiques: degré de couverture (nombre de 
colonies d’abeilles par ha de surface entomophile) par commune. Echelle de couleur quantitative selon Breeze et al. (2014): rouge = insuffisant 
(< 1,6 colonie/ha), orange = minimal (1,6 – 4,2), vert clair = suffisant (4,2 – 8,2) et vert foncé = bon (> 8,2). Voir également le tableau 1 pour le 
degré de couverture moyen par canton. (Source: Office fédéral de la topographie, Wabern)
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« si tous les oiseaux disparaissaient demain, les 
ornithologues seraient tristes et les éleveurs de poulets au 
chômage;
si toutes les abeilles disparaissaient demain, on assisterait 
à une famine mondiale »

Laurence Packer, spécialiste d’abeilles
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Flower strip networks o"er promising 
long term e"ects on pollinator species richness 
in intensively cultivated agricultural areas
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Abstract 
Background: Intensively cultivated agricultural landscapes often suffer from substantial pollinator losses, which may 
be leading to decreasing pollination services for crops and wild flowering plants. Conservation measures that are easy 
to implement and accepted by farmers are needed to halt a further loss of pollinators in large areas under intensive 
agricultural management. Here we report the results of a replicated long-term study involving networks of mostly 
perennial flower strips covering 10% of a conventionally managed agricultural landscape in southwestern Germany.

Results: We demonstrate the considerable success of these measures for wild bee and butterfly species richness 
over an observation period of 5 years. Overall species richness of bees and butterflies but also the numbers of spe-
cialist bee species clearly increased in the ecological enhancement areas as compared to the control areas without 
ecological enhancement measures. A three to five-fold increase in species richness was found after more than 2 years 
of enhancement of the areas with flower strips. Oligolectic bee species increased significantly only after the third year.

Conclusions: In our long-term field experiment we used a large variety of seed mixtures and temporal variation in 
seeding time, ensured continuity of the flower-strips by using perennial seed mixtures and distributed the measures 
over c. 10% of the landscape. This led to an increase in pollinator abundance, suggesting that these measures may 
be instrumental for the successful support of pollinators. These measures may ensure the availability of a network of 
diverse habitats and foraging resources for pollinators throughout the year, as well as nesting sites for many species. 
The measures are applied in-field and are suitable for application in areas under intensive agriculture. We propose that 
flower strip networks should be implemented much more in the upcoming CAP (common agricultural policy) reform 
in the European Union and promoted more by advisory services for farmers.

Keywords: Agri-environmental schemes, Bees, Butterflies, CAP reform, Floral resources, Flower-strips, Fragmentation, 
Long-term field experiment, Specialist species, Pollinators
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publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
Sustainable development of agricultural landscapes is 
essential for global food security [1, 2] and for the pro-
vision of a safe operating space for humanity [3]. Sus-
tainable agriculture strongly depends on ecosystem 
functioning, which is linked to landscape diversity 
including biological, crop and management diversity [4, 

5]. About half of Europe’s territory consists of agricul-
tural land [6]. Farming practices in Europe have been 
intensified in the past decades [6] a process which con-
tinues in many regions [7]. Agricultural intensification 
is linked to high yields and low labour inputs, however 
it is regarded as one of the main factors implicated in the 
widely reported decline of biodiversity and insect abun-
dance in agricultural landscapes [8–10] and of ecosys-
tem functioning [4, 11]. Ecosystem functions like water 
and nutrient storage capacity, carbon sequestration, pol-
lination services and pest control or protection against 
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Liste rouge des abeilles de Suisse (2023)

• 45% des env. 630 espèces suisses sont considérées comme menacées

Le déclin des abeilles sauvages en Suisse
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2  Zustand der Bienenfauna in der 
Schweiz 
2.1  Gefährdung der Arten 

Von den 632 nachgewiesenen Bienenarten der Schweiz (Praz et al. 2023) wurden 624 beurteilt, davon konnten 
9 Arten wegen fehlender Datengrundlage (DD) nicht bewertet werden (Tab. 1, Abb. 1). Von den 615 bewerteten 
Arten sind 279 Arten (45,4 %) in der Schweiz entweder ausgestorben (RE), vom Aussterben bedroht (CR), stark 
gefährdet (EN) oder verletzlich (VU) und machen die Rote Liste im eigentlichen Sinne aus. Weitere 58 Arten (9,4 
%) wurden als potenziell gefährdet (NT) eingestuft. Als ungefährdet (LC) gelten 278 Arten (45,2 %). 

Table 1 

Nombre d'espèces d'abeilles par catégorie 

Catégorie Nombre d'espèces Part (%) de la liste 
rouge  

 

Part (%) des espèces 
évaluées 

RE – Eteint en Suisse 59 21,1 % 9,6 % 

CR – Au bord de l'extinction 24   8,6 % 3,9 % 

EN – En danger 84 30,1 % 13,7 % 

VU – Vulnérable 112 40,1 % 18,2 % 

Total des espèces de la liste rouge 279 100 % 45,4 % 

NT – Potentiellement menacé 58  9,4 % 

LC – Non menacé 278  45,2 % 

Total des espèces évaluées 615  100 % 
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2  Zustand der Bienenfauna in der 
Schweiz 
2.1  Gefährdung der Arten 

Von den 632 nachgewiesenen Bienenarten der Schweiz (Praz et al. 2023) wurden 624 beurteilt, davon konnten 
9 Arten wegen fehlender Datengrundlage (DD) nicht bewertet werden (Tab. 1, Abb. 1). Von den 615 bewerteten 
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Sur les 500 espèces non parasites d‘Europe Centrale:

• 36.5% sont spécialisées et ne récoltent le pollen que sur une
famille de plante (20 familles de plantes!)

• 10.3% sont hautement spécialisées et ne récoltent le pollen que
sur un seul genre de plante (28 genres de plantes!)

Diversité florale

Quantité de fleurs
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Sur les 500 espèces non parasites d‘Europe Centrale:

• 36.5% sont spécialisées et ne récoltent le pollen que sur une
famille de plante (20 familles de plantes!)

• 10.3% sont hautement spécialisées et ne récoltent le pollen que
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Diversité florale

Quantité de fleurs

(ZURBUCHEN & MÜLLER, Wildbienenschutz - Von der Wissenschaft zur Praxis, 2012; MÜLLER et al., Biological 
Conservation, 2006)

Megachile parietina et son hôte Onobrychis viciifolia

pour 1 cellule (= 1 descendant!):
• contenu total du pollen de 1140 fleurs= env. 4 plantes

pour 1 population (50 femelles, chacune 10 cellules)
• contenu total du pollen de 2000 plantes!

De quoi les abeilles ont-elles besoin: 1. de BEAUCOUP de fleurs!



De quoi les abeilles ont-elles besoin: 2. structures pour nicher
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Blütenreiche Ruderalstandorte beherbergen besonders artenreiche Bienengemeinschaften (Abb. 3). Viele in 
der Schweiz bedrohte Arten sind heutzutage mit Blütenpflanzen von Ruderalstandorten assoziiert, so zum 
Beispiel Andrena distinguenda (CR) und A. agilissima (EN), die beide auf Brassicaceae spezialisiert sind, sowie 
Hylaeus pilosulus (CR), die streng an Reseda gebunden ist. Während zwei dieser erwähnten Arten in der 
Schweiz schon immer selten waren, kam A. agilissima in einem grossen Teil des Landes vor, hat aber in den 
letzten Jahrzehnten einen massiven Rückgang in ihrer Verbreitung und ihrem Bestand erlitten; so verringerte 
sich seit etwa 1950 das effektiv besiedelte Gebiet dieser Art mindestens um 44 %. Im Gegensatz dazu sind die 
Bestände einiger Ruderalarten im Tiefland in den letzten Jahren stabil geblieben oder sogar leicht angestiegen. 
So scheinen einige Arten, die in der Roten Liste von 1994 als stark bedroht oder ausgestorben galten (Amiet, 
1994), im Schweizer Mittelland wieder Fuss zu fassen, zum Beispiel Bombus ruderatus (LC) oder Tetralonia 
macroglossa (VU). Diese beiden wärmeliebenden Arten werden sicherlich durch die Klimaerwärmung, aber 
wahrscheinlich auch durch die Massnahmen zur Förderung der Biodiversität im Landwirtschaftsgebiet 
begünstigt, insbesondere durch die Anlage von Buntbrachen. 

Abbildung 3 
Ruderalstandort 
Ruderalstandorte beherbergen oftmals eine sehr artenreiche Bienenfauna. Sie bieten nicht nur ein vielfältiges und kontinuierliches 

Blütenangebot und geeignete Nistplätze in Form von offenen Bodenstellen, Stängel- und Steinstrukturen, sondern auch ein günstiges 

Mikroklima für besonders wärmeliebende Arten. Die Mauerbiene Hoplitis tridentata ist eine typische Art von trockenen Ruderalstellen, sie 

nistet in abgestorbenen, letztjährigen Pflanzenstängeln, zum Beispiel von Königskerze (Verbascum), Brombeere (Rubus) oder Karde 

(Dipsacus). (Bilder Albert Krebs) 
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Directive concernant la répartition de l’overhead du Fonds 
national 
 
 
 

Le rectorat, 
 

vu le règlement des subsides overhead du Fonds national suisse de la 
recherche scientifique (FNS), du 15 octobre 2008, 

vu l’art. 78 de la loi sur l’Université (LU), du 5 novembre 2002, 

vu l’art. 10 lettre h du règlement général d’organisation de l’Université 
(RGOU), du 11 octobre 2005, 
 
 
arrête: 
 
 
Article premier   La présente directive a pour objet la répartition interne des 
subsides que le FNS octroie à l’Université à titre d’indemnisation des frais 
indirects de la recherche (subsides overhead). 
 
Art. 2   Les subsides overhead du FNS sont répartis annuellement à parts 
égales entre le rectorat et les facultés. 
 
2La part dévolue aux facultés est répartie entre les cinq facultés selon une 
clé de répartition arrêtée par le rectorat qui tient compte du nombre de 
professeurs et professeures, du nombre d’étudiants et étudiantes, du 
nombre de projets de recherche et du nombre de thèses soutenues. Elle est 
destinée à l’encouragement et au soutien des projets de recherche. 
 
Art. 3   La part dévolue au rectorat est affectée à raison de 30 % aux 
congés scientifiques des professeurs, de 30% à l’encouragement de la 
recherche (préparation d’un projet type NCCR, invitation d’un professeur 
étranger, achat d’équipement non prévu, organisation de congrès, etc.), de 
20% aux achats de bibliothèque (par ex. abonnements web), de 20% aux 
frais d’infrastructure. 
 
Art. 4   1La part affectée aux facultés est elle-même divisée en deux parties, 
l’une pour promouvoir le lancement de nouveaux projets (75%) et l’autre 
pour soutenir des projets en cours, par exemple pour assurer des travaux 
de consolidation ou de valorisation d’une recherche (25%). 
 
2Pour promouvoir le lancement d’un nouveau projet, les membres du corps 
professoral et du corps intermédiaire, titulaires d’un doctorat (ci-après les 
chercheurs et chercheuses) peuvent solliciter auprès du décanat concerné 
un capital de départ (seed money) en vue de l’engagement d’un 
collaborateur ou d’une collaboratrice scientifique pendant trois mois au 
maximum. D’autres modes de soutien, spécifiques aux besoins de chaque 
faculté, peuvent être soumis au décanat et ratifiés par le rectorat. 

Objet 

Principes de 
répartition 

Part dévolue au 
rectorat 

Part dévolue aux 
facultés 


