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Abstract 
 
Decreases in pollinator abundance are observed in intensive agricultural land such as in the 
Hoeksche Waard region in the Netherlands. Through the mean of agri-environmental 
measures such as implementation of flower margins, biodiversity can be re-introduced and 
better maintained. Different mixtures of flower species were seeded in the field margins, it 
resulted in flower strips. The flower strips and the mixtures have been developed to enhance 
biological control based on functional biodiversity. In this thesis it has been investigated 
which pollinator guilds were present, how they visit these strips and which mixture they 
would prefer. I observed visitation by pollinators of flowers in plots of 1m x 1m in several 
strips sown with different flower mixtures. This study highlighted the complexity of 
preference in flowers by pollinator according to the abundance of flower, the presence of 
other flower and the time of the day or the weather. Higher overall numbers of visits per 
flower were observed for bumblebees and hoverflies than for honeybees. Pollinator visited 
mainly a subset of flowers which was the same for both mixtures. The subset of flowers 
species visited was Papaver, Helianthus, Centaurea, Malva Chrysanthemum, Fagopyrum, 
Ammi, Brassica. The flower species the most visited were Helianthus, Papaver, Malva and 
Centaurea. These flowers are promising to be important food resources for pollinators 
especially for bumblebee and hoverflies. Concerning honeybee further researches are needed 
to find suitable flower species and management that can attract them. 
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Introduction  
After the Second World War, agriculture entered in a phase of intensification. On the one 
hand, it led to the use of important quantities of energy and input of chemicals (e.g. fertilizers, 
herbicides and pesticides), on the other hand it led to an increase in field size.  
Insecticides and pesticides aim to eliminate pests or diseases by directly killing the insects or 
pathogens by toxic compounds or by disrupting their life cycle. In addition, the majority of 
insecticides have a broad-spectrum activity, so also kill beneficial insects. The same holds for 
fungicides and non target fungi. Geiger et al. (2009) reported consistent negative effects of 
insecticides and fungicides on biodiversity; they especially looked to wild plant, carabid and 
bird species. Brittain al. (2010) highlighted the decline of pollinators due to pesticides in Italy. 
Nevertheless, the decrease of several species is not only due to pesticides. Even 
intensification itself already leads to a reduction of pollinator diversity (LeFeon et al. 2010). 
More than fifty years ago, in some regions of Europe, agricultural plans to move towards 
national self-sufficiency supported the specialization of farms. As a consequence, the number 
of small-scale, poly-cultural farming systems decreased, leading to important changes in the 
landscape. Habitat fragmentation resulted from the intensification of agriculture and it led to 
an important decrease of the number of species. Indeed, in intensively managed landscapes, 
species mainly decline because of a lack of food and shelter. In the UK, decreases in bird 
species numbers have been observed and explained by a lack of insects due to agricultural 
intensification (Benton et al. 2002). In the last century in the Netherlands decreases in 
butterfly species numbers and flower richness have been observed (van Swaay 1990; Wallis 
de Vries et al., 2010).  The general trend is that since the last century, pollinators are declining 
in Western Europe as well as in other parts of the world (Kluser and Peduzzi 2007) . 
However not only declines of species are observed, but also shift in pollinator populations. 
Biesmeijer et al. (2006) highlighted shifts in bee and hoverfly populations in the UK and the 
Netherlands. Bee diversity declines were reported in both countries whereas there was a less 
clear shift in hoverfly diversity. Indeed, changes in hoverfly richness observed in the UK were 
not significant and in the Netherlands it was observed that hoverfly richness even increased.  
Pollinators provide important agro-ecological services. They are really important for plant 
reproduction and thus for food supply (Kluser and Peduzzi 2007). Many crops (35% of crops) 
rely only on animal pollination (Klein et al. 2007 ), for other crops insect pollination permits 
increases in yield (Aizen et al. 2009). Thus declines and shifts of pollinator populations due to 
intensification of agriculture may lead to losses in food production and plant diversity. This 
situation is summarized in the following scheme (Figure 1). Moreover, it is assumed that 
sufficient pollination of most wild and crop plants can be done by only few species and 
especially by domesticated honeybees (Apis mellifera). Relying on only a few species for 
pollination leads to a vulnerable food production and even if plants have multiple 
opportunities of reproduction, in the long term it can not compensate for chronic loss of 
pollination services. For instance a drastic decline of this species can have severe 
consequences in losses of yield of many crops and also economically an example of this 
situation is the Colony Collapse Disorder in the United States (Kluser and Peduzzi 2007; 
Stokstad 2007). In terms of nature conservation, honey bees are considered as reliable 
pollinators because of their efficiency but they are not the best pollinator for all flowering 
plant species. Bumble bees and carpenter bees are also not the best,  sometimes they are biting 
holes in flowers and also have other kinds of illegitimate visits which are not good 
contributions to sexual reproduction (seed set) by these flowers (Proctor and Yeo 1973). 
Thus, diversity within pollinators is necessary for the flowers and any loss of biodiversity is a 
matter of public concern. It has intrinsic, aesthetic and cultural values (Hector, Joshi et al. 
2001). From a human centered point of view not the entire biodiversity is beneficial. 
Biodiversity needs to play some key role in the regulation of ecosystem functioning that is 



 5 

linked to human society’s quality, to justify the amount of time and money allocated to it 
(Moonen and Bàrberi 2008). Studies in recent years highlighted the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Summary of the actual situation regarding decline and shift of pollinator 
population. 
 
concept of functional biodiversity. This functional biodiversity concerns a part of the 
biodiversity from the natural area and from agricultural ecosystems that provides services to 
society such as pollination but also biological control, thanks to natural enemies that regulate 
pests and diseases (Klein et al. 2007).  
Enhancement of functional biodiversity is a main aim of agri-environmental schemes. It is 
principally done by habitat management plans. It plays a role for plant and arthropod species 
biodiversity, including higher tropical levels (Marshall and Moonen 2002). Landscape 
management can be a way to reduce pesticide use and to protect biodiversity, for instance 
management of field margins permits to implement conservation of biological control (Dennis 
and Fry 1992). Creation and maintenance of grass margins can have a positive effect on flora 
and fauna of arable farmland (Marshall et al. 2005).  For instance, bees were more abundant 
in fields where there were grass margins present next to the agricultural field strips.  
Functional agrobiodiversity field margins sown with mixtures of flowers are under 
investigation. The seed mixtures are designed for field margins to enhance the densities of 
natural control agents of pest insects (especially aphids).  
In the region of ‘Hoeksche Waard’ in the Netherlands, functional agro-biodiversity (further 
away mentioned as FAB) strategies to promote natural control of agricultural pests have been 
implemented by farmers. But these strategies remain under investigation by scientists 
(Alebeek et al. 2006; Rijn et al. 2008). Strips next to the crop field have been sown with 
specific flower species that can enhance targeted natural enemies of herbivores for the 
adjacent crops. The aim is that flowers provide food to the natural enemies. Habitat 
management such as implementation of these flowers strips is also an important tool to deal 
with a decline and shifts of pollinator populations. Steffan-Dewenter and Tscharntke (1999) 
conclude that abundant and diverse bee communities needed habitat connectivity to be 
maintained (Klein et al. 2007).They recommended landscape management practices that 
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increase nesting opportunities and source of foraging. There might be a chance that 
pollinators can also benefit from the flowers of the strips sown. 
Indeed, Carvell et al. (2007), studied agri-environment scheme effects on bumblebees in 
England. They found that mixtures containing nectar and pollen-producing plants were 
providing more forage for bumblebees than grass mix margins.  
In this master thesis, intense sampling of the several flower strips in the region of Hoeksche 
Waard has been done. I investigated how visitations of flowers by different pollinator guilds 
(hoverfly, bumblebee, solitary bee and honey bee) were influenced by the flower mixture set 
up for natural enemies and for pollinators. I also looked at the flower preferences of 
pollinators.  
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Research questions and hypotheses 
In the following study I will try to assess: 
(1) What is the visitation rate of the pollinator guilds?   
(2) Which flower mixtures are the most suitable to attract pollinators?  
(3) Which flower species receive the highest visitation rate of the different pollinator guilds? 
(4) How do pollinators benefit from the flower margins? 
Based on previous studies in the area (Rijn et al. 2008), I hypothesized that there will be a 
higher visitation rate of hoverflies, than honeybees, than bumblebees and finally of solitary 
bees. I expect that the flowers of the mixture made to support natural enemies, bees and birds 
will have a higher visitation rate than the mixture made for to enhance natural enemies 
(especially aphidophagous hoverflies).   
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Material and methods 

Research area 
The study area is in The Netherlands, in the Hoeksche Waard. It is a region situated in the 
province South Holland, close to Dordrecht and south to Rotterdam (Figure 2). 
There are some polders (from north-south and the east-west) with a clay layer of peat. For 
instance, in the Old Land of Strijven there are old polders with a thin clay layer. The 
Hoeksche Waard is surrounded by rivers, Oude Maas, Dordtse Kil, with Haringvliet, 
Hollands Diep and the Spui. Thus the typical feature from the Hoekschewaard region is the 
presence of several creeks than can be cultivated area and as a consequence which provide 
opportunities for nature. There are many dikes and some rivers with tidal (Kenniscentrum 
Nationaal Landschap, www.natlan.nl). 
Due to its location and its openness, Hoeksche waard was a region that attracted many 
different kinds of proposed projects such as the construction of an airport or a nuclear power 
plant but none of these have been done and nowadays there are 700 ha of nature. The local 
citizens, companies and the government were quite involved to set plans towards 
enhancement of biodiversity. It resulted in several environmental projects. This region is an 
important agriculture area. Indeed there are approximately 20 000 ha of cultivated land 
(Kenniscentrum Nationaal Landschap, www.natlan.nl). The main crops are grains and grass 
(6500 ha) followed by grassland (3750 ha), then potatoes (3500 ha) and sugar beet (2500 ha).  
Toward a protection of nature, agriculture area needed to be involved in the maintenance of 
biodiversity thus, some projects have been created: FAB I Functional agro-biodiversteit 
project done between 2004 and 2008 to stimulate biodiversity in the region. Then, there was 
and still undergoing the project Agrorand and FAB II (2008-2011) which follows the same 
objectives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 Figure 2. Map of the region Hoeksche Waard. 

 

Hoeksche Waard 
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Flowers strips 
Different types of flower seed mixtures were sown in strips in mid-April in the region of 
Hoeksche Waard on farms situated in the municipality of Mookhoek- Strijen (Figure 3). 
There were two different types of mixture: 
- FAB (Functional agro-biodiversieit) this mixture was made of annual flowers species 
support natural enemies (especially aphidophagous hoverflies) (Table 1) 
- and AGRO (agro-biodiversiteit) in which annual flower species supporting natural enemies, 
bees and birds were mixed (Table2). The strips were in between 200 and 500 m long and 3 m 
wide on the side of a crop (potatoes or winter wheat) most of the time next to a ditch. There 
were in total seven strips used in the experiments, four of the FAB mixture and three of the 
AGRO mixture (Table 3). 
In my report, the genus name is used to refer to the flower species. 
 
Table 1. Flower species of mixture FAB, the family name, latin Name, English name, 
dutch name, flowering time, percentage of seed of the mixture. 
 

Family name Latin Name 
English 
name Dutch Name Flowering time 

Percentage 
(%) 

        early middle late   

Polygonaceae 
Fagopyrum 
esculentum Buckwheat Boekweit x     20 

Asteraceae 
Chrysanthemum 
segetum Marigold 

Gele 
ganzenbloem 
(wilde)   x   10 

Asteraceae Centaurea cyanus Cornflower Korenbloem   x   12 

Apiaceae  Ammi majus 
Greater 
Ammi 

Akkerscherm, 
groot   x   12 

Apiaceae  
Foeniculum 
vulgare Fennel Venkel (wilde)   x   12 

Asteraceae Anthemis nobilis Chamomille 
Roomse 
kamille     x 12 

Asteraceae Helianthus annuus  Sunflower 
Zonnebloem 
(klein)   x x 6 

Caryophyllaceae Gypsophila elegans Gypsophile Gipskruid x     8 

Papaveraceae Papaver rhoeas Poppy Klaproos   x   8 
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Table 2. Flower species of mixture FAB, the family name, latin Name, English name, 
dutch name, flowering time, percentage of seed of the mixture. 
 

Family name Latin Name English name Dutch Name Flowering time 
Percentage 

(%) 
        early middle late   

Polygonaceae 
Fagopyrum 
esculentum Buckwheat Boekweit x     26 

Asteraceae 
Chrysanthemum 
segetum Marigold 

Gele 
ganzenbloem   x   5 

Asteraceae Centaurea cyanus Cornflower Korenbloem   x   5 

Apiaceae  Ammi majus 
Greater 
Ammi  

Akkerscherm, 
groot   x   8 

Asteraceae 
Anthemis 
tinctoria 

Golden 
chamomile Gele kamille     x 3 

Asteraceae 
Helianthus 
annuus  Sunflower 

Zonnebloem 
(klein)   x x 3 

Caryophyllaceae 
Gypsophila 
elegans Gypsophile Gipskruid x     11 

Papaveraceae Papaver rhoeas Poppy Klaproos   x   3 

Asteraceae 
Coreopsis 
tinctoria Plains coreopsis Meisjesogen     x 3 

Asteraceae 
Cosmos 
bipinnatus Cosmos Cosmea     x 3 

Brassicaceae Cheiranthus  Wallflowers Muurbloem x     3 

Polemoniaceae Gilia capitata 
Queen Anne's 
Thimble Hoofjesgilia   x   3 

Asteraceae 
Carthamus 
tinctorius safflower Saffloer   x   8 

Poaceae Triticum aestivum wheat Zomertarwe x     11 

Poaceae 
Panicum 
miliaceum 

broom-corn 
millet Gierst       5 

Caryophyllaceae 
Agrostemma 
githago Corncockle Bolderik x     3 
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Table 3.  Overview of the strips and their characteristics. 
 

Strips Mixture  Street Side crop 

1 FAB Sassedijk-Kooilandsedijk potatoes 
2 FAB Boomsdijk potatoes 
3 FAB Kooilandse dijk potatoes 
4 FAB Kooislandse dijk potatoes 
        
6 AGRO  Cillaarsweg  potatoes 

7 AGRO  Cillaarsweg  winter 
wheat 

8 AGRO  Sasseweg winter 
wheat 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure 3. Locations of the seven strips where the data have been collected. 
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Pollinator visitation  
The number of flower visits of pollinators and their guilds were recorded every week between 
mid-June and the end of July (six weeks in total) in quadrants of 1m by 1m during 10 min 
(Figure 4). Each strip of the same flower mixture has been randomly observed within a day in 
order to avoid an effect of the time of the day. Weather conditions were as much as possible 
similar (sunny and not too windy). Six plots were observed per strip. Each plot was randomly 
chosen for each observation in order to erase an effect of the side (crop, ditch or road) and of 
the heterogeneity of the sowing. Visits of pollinators differ according to the time of the day 
and the temperature thus further observations were done (see chapter Day Cycle). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 

 

 
 
 
Figure 4. Scheme of a field, the flower strip and a detail of the sample plot. 
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Pollinator guild 
Pollinators as a general term include different families of insects (and even birds and bats), in 
my study I did not consider pollinators to the species level but up to different taxons and 
functional group. I adopted the term of “pollinator guild” as mentioned by Steffan-Dewenter 
et al. (2002).  Bees (Hymenoptera:Apoidea) can be separated into three pollinator guilds: 
bumble bee (social wild bumblebee), honey bee (managed honey bee)  and solitary bee 
(solitary wild bee). In my study I added two others pollinator guilds: hoverfly and butterfly 
(including moths). The number of visits of flowers and the flower species visited was 
recorded for each of the pollinator guilds mentioned. If a pollinator was on an Ammi, 
Coriandrum or Helianthus flower, only the visit of the umbel or of the flower head was 
recorded and not the visit of each floret. 
 

Flower density  
The number of fully blooming flowers was counted in each plot (1m x 1m) for each 
observation (Figure 5). In some cases (for instance: Fagopyrum, Brassica…) the number of 
flower heads or spikes was counted and then multiplied by the estimated average number of 
flowers per head. This number was estimated by observing several heads of flowers. For 
umbels, number of umbels of the first level were counted and then multiplied by an estimation 
of the number of umbels of the second level. Umbels of the second level were considered as 
one flower. 
 
 
 
 

 
Figure 5. Picture of a plot of flowers of 1m x 1m. 
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Pollinator abundance  
Some transect walks have been done on six days. A transect lasted ten minutes and the length 
was approximately the same between 70 and 100 m (between the first and the last plot) and 
1,5m width. Every pollinator observed, flying or sitting on a flower was recorded. 
 
Day cycle  
The day cycle of visitation activity of pollinators of each taxonomical group was assessed. 
The number of flower visitations was recorded all day long on three plots that were randomly 
chosen within one strip at the beginning of the day. Observations were done every hour on the 
exactly the same plots between 8:00 and 16:00 or 18:00, one day per week (in total 5 days) on 
different strips from week to week. The aim was to determine the pollinators’ visitation 
activity during the day and to see if there were some differences in flower species visited 
throughout the day.  
Transect walks have been done on 70 m length and 1 m width, for 10 min every hour on day3. 
Information on the weather conditions (amount of sun, clouds, and wind speed) have been 
also collected from the local weather station. 

Statistics 
The model used was GLMM, generalized linear mixed model. The number of visits and the 
number of flowers were Poisson distributed. Analysis on the number of flowers have been 
done and significance of the main effects and the interactions were given by a Wald statistic 
that includes a chi2 distribution (alpha level was 0.01).The main analysis was done on the 
visitation rate. The number of visits per observation (1 plot of 1 m x 1 m observed for 10 
min)/ Number of Flowers), was not normally distributed but log-normally. Moreover because 
of the block structure with more than one stratum a mixed model has been chosen. The 
significance of the main effects and the interactions were given by a Wald statistic that 
includes calculation of the degrees of freedom and that permits to use the F distribution (p 
level was 0.01). It is similar to an ANOVA test but for non normal distributed data. After each 
analysis, comparison among factors was done using a T –test (Student test) and the using a 
Tukey correction which is similar to a Bonferroni correction. Most of the time standard 
deviation and Standard error are not presented in my study because it is not relevant with a 
lognormal distributed set of data. We made some pairwise comparison so the SE/D would be 
different for every single pair and only valid on the transformed scale and we are using 
backtransformed means of value. 
Correlation between the number of flowers and the number of visits were done with the 
nonparametric test of Spearman. 
All the analyses were done with Genstat 12th and Biometry Library procedure for Genstat 
12th. 
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Results 
Many measurements have been done and due to the absence of some pollinator species and 
flower species in many cases, not all combinations were present. As a consequence several 
data were considered as missing value by the model, the analysis had to be done on subsets of 
the data. The flower species were selected for the analysis when the model could calculate the 
adjusted mean value of the visitation rate, the rest were removed from the analysis (see Annex 
I). On observations of day 2 and 3, there were also missing values so they have been removed 
from the analysis. The effect of day, time and strips (within one mixture) on visitation rate 
was not significant (F-test, p>0.001).  

Visitation rate 
Per mix: On average flowers of mixture Fab was less visited by pollinators than mixture 
Agro but the difference was not significant (Annex II, table A). Mixture did not interact 
significantly with the pollinator guilds (Annex II, table B). Thus, mixture Fab did not elicit 
more flower visitations by pollinators than mixture Agro.  
Correlation to number of flowers: The average number of flowers per strip in mixture Fab 
and Agro was significantly different (F-test, p<0.001) and was 2730 flowers/m² and 1320 
flowers/m² respectively. The number of flowers and the number of visits were positively 
correlated, correlation obtained by the Spearman’s rank was significant (p<0.001), r was 
0.207 (Annex III, Figure A). It means that the tendency is the more flowers, the more 
pollinator visits. But it also depends on the flowers species for some flowers for instance the 
correlation is stronger (Annex III, Table A).  
Per flower species: Differences of visitation rate between flower species were significant (F- 
test, p<0.001). Pollinators visit significantly more often Helianthus, Papaver, than Centaurea 
and  followed by Chrysanthemum  than the other flowers (Figure 6).  
 

Preferences of polinators in flowers species
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Figure 6. Visitation rate per flower species (Number of visits per flower, per plot of 1m x 
1m, per 10min N=420, on sunny days during the month of July 2010. 
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Per pollinator guild 
Visitation rate of each pollinator guild differs significantly between flower species (F-test, 
p<0.001). Flowers, all species together, were visited the most by bumblebees then hoverflies, 
followed by honeybees, and finally butterflies and solitary bees (Table 2).  
 
Table 2. Visitation rate of pollinator guilds (Number of visits per flower, per plot of 1m x 
1m, per 10min, N=420). 
 

Bumblebee Hoverfly Honeybee Butterfly 
Solitary 
bee 

0.34 0.24 0.15 0.14 0.10 

 

Preferences in flower species  
From the analysis, it resulted that the flower 
species interacts significantly (F-test, 
p<0.001) with the pollinator guilds. Each 
pollinator guild has different preferences in 
flowers species. The overall trend of 
preferences in flowers species (Figure 6) is 
similar to the one of bumblebee and hoverfly 
(Figure 7a and 7b). Bumblebees visit 
significantly (T-test, p<0.05) more the 
Helianthus, Papaver, Centaurea, and 
Chrysanthemum than the other flowers. Visit 
of flowers by honeybee were not 
significantly different (Figure 7c). Butterflies 
and solitary bees visit Papaver more than the 
other flowers. 
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Honeybee's preferences
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Bumblebee's preferences
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Solitary bee's preferences
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Figure 7. (continued from page 16) Preferences in flower species of each pollinator guild. Visitation rate per 
flower species,  N=420, 10 min of observation on plots of 1m x 1m on sunny days. The letters stand for the 
significant differences between flowers species within one pollinator guild (Tukey correction P< 0.05). Graph 
obtained from output presented in Annex IV. 

 
Malva was also a flower that had an important visitation rate but due to its late flowering and 
its presence in only two strips out of seven, the model could not estimate adjusted mean 
values, so Malva has been excluded from the analysis. Nevertheless, a separate analysis has 
been done on the two strips in which Malva was present (strips 6 and 7). The results show that 
bumblebees and honeybees preferred Malva as much as Papaver (almost the same visitation 
rate) but not always significantly more than the other flowers species (Table 3) 
 
Table 3. Back transformed table of means and pairwise comparison from a separated 
analysis on strip 6 and 7, that include Malva. Visitation rate per flower species, N=120. 
10 min of observation on plots of 1m x 1m on sunny days. The letters stand for the 
significant difference between flowers species within one pollinator guild (Tukey 
correction P< 0.05). 
 
       pollinator guilds 
     flower species bumblebee  hoverfly     honeybee    butterfly  solitary bee 
     Brassica      0.0940a       0.0413a        * * * 
         Ammi            *       0.0233a       0.0269a       0.0096a       0.0030a 
    Fagopyrum      0.0981a   0.0189a           *           * * 
Chrysanthemum      0.1114a       0.2009a           *       0.1495a      0.1572b 
    Centaurea      0.2524a 0.1315a       0.1119a       0.0562a      0.0376ab 
   Helianthus       1.2697a           *           * * * 
      Papaver      0.6267a      0.5146b      0.1881a           *       0.1665b 
        Malva       0.6124a      0.0935a     0.1694a       0.0726a       0.1316b 
 

Changes in visitation rate over the observation per iod 
The date of the observation did not had an effect on the (F-test, P= 0.179) on the visitation 
rate per pollinator guild; as a consequence it was not possible to assess the changes in 
visitation rate per pollinator guild during the observation period. 

  d 
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Changes in numbers of flowers during the observatio n period  
Concerning the comparison of the number of flowers per species between days, no statistics 
have been done to check the significant differences but still some results can be commented 
on table 4 (the flower species Malva is not present because it was excluded). I observed that 
Fagopyrum was present only during the first two weeks of the observation period (end of 
June), Ammi, started flowering during the third week of the observation period, it had its 
highest number of flowers during the fourth and the fifth week of the observation period. 
Centaurea started flowering during the third week and had more or less the same number of 
flowers until the end of the observation period. Papaver started flowering during the third 
week and had its peak of number of flowers during week 7, 8 and 9. Chrysanthemum also 
started flowering during the third week but its peak of number of flower was more at the end 
of the observation period. Helianthus started only in the week 6 and the highest number of 
flowers was in the last week of the observations. 
 
 

 day 
flower species 1  4 5 6 7 8 9 10 11 12 
Fagopyrum 172.39 287.16 197.6 * * * 99.2 * * * 
Ammi * * 150.64 100 305.81 239.86 414.79 233.4 175.2 176 
Centaurea * 2.8 8.34 23.03 10.97 35.32 11.16 28.97 12.75 22.22 
Papaver * 1 5.38 5.78 11.91 10.5 11.63 5.93 8.89 4.71 
Chrysanthemum * 3 45.28 11.2 29.66 17.9 41.85 16.69 60.9 20.6 
Helianthus * * * * 1 * 2.09 * 9.75 5 
Brassica 143.8 376.31 223.62 111 73.8 * * * * * 

Table 4. Number of flowers per plot of 1m x 1m, per flowers species and per day. 
Average of 6 plots and 4 strips for day 1, 4, 5, 7, 9, 11 and 3 strips for days 6, 8, 10 and 
12 (day 1: 22-05-2010, day 4: 30-06-2010, day 5: 06-07-2010, day 6: 08-07-2010, day 7: 
13-07-2010, day 8: 19-07-2010, day 9: 20-07-2010, day 10: 23-07-2010). The symbol * 
means that the flowers were not flowering or present in too low quantity to be taken into 
account. 
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Pollinator abundance  
No calculations or statistical analysis have been done on the data collected. Nevertheless, as 
indication, the results suggested that in many case hoverflies were more abundant than 
bumblebee followed by honey bee and solitary bee (Figure 8a and 8b).  
 

 
 
Figure 8. Abundance of pollinator guilds. Number of pollinator of each guild per 
transect of 10 min, Na=12, SDa= 12 and Nb= 9 SDb=7. Day 5: 06-07-2010, day 6: 08-07-
2010, day 7: 13-07-2010, day 8: 19-07-2010, day 9: 20-07-2010, day 10: 23-07-2010.
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Day cycle  
Pollinator guild 
A significant effect (F-test, p<0.05) of the time of the day on the visitation rate was observed. 
However to obtain tables of mean, because of too many significant effects (F test p<0.01), I 
had to make separate analyses for day 3, 4 and 5 and each pollinator guild. In addition, I did 
not have enough data for day 1 and 2, so these had to be removed. The same was the case 
with the data for honeybee and solitary bee. For bumblebee, I observed that the visitation rate 
was the highest in the early morning and after 16:00, whereas it was always the lowest at 
13:00 (Annex V Figures a and c) (). On day 3, difference in visitation rates between 13:00 and 
14: 00, was significant (F-test p<0.001), on day 4, significant (F-test p<0.001) differences 
were between 8:00 compared to 12:00 and 13:00 and on day 5 significant differences were 
between 8:00 compared to 16:00 but it might be due to the weather, it was windy on that 
morning. Similar patterns could not be found for the hoverflies (Annex V Figures d and f), a 
general day cycle activity profile could not be made.  
 
Pollinator abundance during the day  
Transect walks of every hours showed that hoverflies and bumblebees were abundant in the 
morning (Figure 9) and then decrease in the middle of the day. In the end of the afternoon, the 
number of hoverflies increased a lot, and bit for bumblebees. 
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Figure 9.  Abundance of pollinator. Number of pollinator of each guild per transect of 
10min per hour on 8-07-2010, N= 11, SD= 10. 
 
Flowers species 
Analyses also have been done for the visitation rate per flower species per hour for 
bumblebee and hoverfly (Figure 10). In the morning, for every day and all strips analyzed, 
between 8:00 and 10:00, the visitation rate by bumblebee is the highest on Papaver compared 
to the other flower species. After that on day 4 and strip 3 (Fab-mixture), the highest visitation 
rate remained on Papaver until 15:00, after that flowers visited were only Centaurea. On day 
4 and strip 1 (Fab-mixture), after 10:00, the visitation rate was the highest on Centaurea. On 
day 5 and strip 6 (Agro-mixture), after 10:00, the visitation was the highest on Malva, and it 
was much higher than the visitation rate on other flower species in general. Visitation rate on 
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Malva was on average 1.39 whereas for Centaurea, it was 0.48. In the morning at 8:00 
hoverflies were visiting mainly Papaver, later during the day Centaurea and Chrysanthemum.  
Pair wise comparison and Tukey correction are given in Annex V. 
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Hoverfly day 3
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Hoverfly day 4
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Hoverfly day 5
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 Figure 10. (continued from page 21) Day cycle of Bumblebee and Hoverfly. Visitation 
rate per flower species and per time of the day. Visitation rate (mean of 3 plots) per 
flower species per time of the day, during 10min of observation on plots of 1m x 1m. 
P<0.05 Student-test. Observations of day 3 (7-07-2010)were on strip 3 which had a 
Fab-mixture and the temperature of the day was between 16-22°C, observation of day 
4 (14-07-2010) was done on strip 1, Fab-mixture, T=25-30°C, observation of day 5 
(22-08-2010) was done on strip 7,Agro-mixture, T= 16-20°C. 
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Discussion 

Mixture 
 
Differences in visitation rate between flowers mixtures were not significant at the time of my 
observations because even though the compositions of seed mixtures were different the flower 
species blooming at the moment were almost similar. The average number of flowers per strip 
between mixtures was not the same, there was an effect of the strips on the number of flowers 
(Chi2-test p<0.001). Explanations for these results are likely to be the weed pressure, the 
germination rate and the flower composition. Strips from the Agro-mixture had on average 
fewer flowers than strips from the Fab-mixture. This is mainly due to the flower composition. 
In agro-mixture there were more flower species than in Fab-mixture (table 1 and 2). During 
the observation period the same flowers species were blooming but the plants of the other 
flower species (late blooming flowers) were already developed. Thus, these plants were 
competing with the flower species blooming at that time, resulting in fewer flowers per strip. 
In addition, one strip from the agro-mixture had a low and late germination of the seeds, and 
therefore less flowers during the observations (Annex VI). 
 

Number of flowers and number of visits 
 
A correlation between the number of visits and the number of flowers was found, but it was 
not really strong (r=0.207), it is however relatively good for a field observation. Looking at 
each flower species separately, pollinator visits usually increase with an increase of the 
number of flowers (Rathcke 1983; Goulson 1994; Dreisig 1995). In terms of visitation rate, 
the trends can be different. The relation between number of flowers, in other terms flower 
density, and the visitation rate is not straightforward (Feldman 2006). It would be expected 
that more flowers induce higher visitation rate which actually is not obviously the case. In my 
study differences in visitation rate between mixtures were not significant whereas number of 
flowers was lower in one mixture than the other. The fact that the mixture with high density 
of flowers is not significantly more visited than the other, might be explained by the fact that 
bees visit more often the same flower head when the flower density is lower. Feldman (2006) 
reported that more plants were visited by individuals in high-density patches but there was a 
decrease in flower visits per plant. He concluded that there was no evidence that denser 
patches of flowers were disproportionally more visited by pollinators than less dense patches. 
In addition, Bernhardt et al. (2008) reported an important effect of density of flowers on 
abundance and behavior of pollinators. But in case that the number of flowers of one species 
is really low, pollinators will visit these flowers only if the amount of reward is above a 
threshold (certain amount of pollen of nectar obtained per unit time) (Goulson 1994). It 
explains why so few visit where observed on flower species present in low quantity compared 
to the other flowers. Indeed flowers such as Cosmos bipinnatus or Coreopsis tintoria are 
attractive for pollinators, both are from the Asteraceae family and have quite open flower and 
some pollen, but the reward was probably not above the threshold to be visited.  Thus, 
pollinator visited  mainly a subset of flowers which was the same for both mixture. The subset 
of flowers species visited was Papaver, Helianthus, Centaurea, Malva Chrysanthemum, 
Fagopyrum, Ammi, Brassica,. The only difference was the presence of Malva in two strips of 
the Agro-mixture, and this flower was actually not sown this year but re-grew from previous 
mixtures in addition this species bloomed only in the last weeks of the observation period. 
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The fact that pollinators visited only few flower species is, for the honey bees, mainly the 
result of their “flower constancy”. This term illustrates the fact that insects foraging for nectar 
or pollen have particular preferences for one flower species and even specialize on it for a 
while (part of the day for instance) (Waddington 1983).  
 

Flower species preferred and by who? 
 
Preferences in flower species are explained by the optimal foraging theory (OFT) suggested 
by MacArthur et al. (1966) and elaborated on in others studies (See Schoener 1987 for a 
review, Haccou and Vandersteen 1992). This theory predicts that if a flower species offers 
important rewards per unit of time, it will be more visited (Dreisig 1995).  Pollinators learn to 
associate a high reward to a specific flower species (Menzel and Erber 1978). Most of the 
pollinators remember flower species with great reward by learning process and then they base 
their preferences on this memory (Baude et al. 2008). Preferences in flower species depend on 
the pollinator’s specialization (Heinrich 1976), their body size (Peat et al. 2005), the 
morphology of the flower: shape, smell, depth (Stang et al. 2007), color (Giurfa et al. 1995; 
Pohl et al. 2008), age of the flower (Giurfa and Nunez 1992), the flowering period (Stang et 
al. 2006) but also on the density of other pollinators (Fontaine et al. 2008). In the case of 
hoverflies, preferences for flower species for foraging can not only be explained by the OFT. 
It is more likely to be explained by the theory of competition or by eco-morphological reasons 
(proboscis length) (Gilbert 1985; Haslett 1989).. In addition, there is a huge range of 
hoverflies which show different foraging behavior; this does not permit to draw general 
patterns for this pollinator guild. 
 
Flower species most visited by pollinators in terms of visitation rate were Papaver, Malva, 
Helianthus and Centaurea.  As mentioned above, this result is explained by the preferences of 
pollinators for these flower species but also by the number of visits per pollinator guild. 
Bumblebees were the most important pollinator guild visiting flowers. Papaver is one of the 
significantly preferred flower species of bumblebees. Flower visitation by honeybees was 
quite low. I first hypothesized that it could be due to little presence of honeybees in the area. 
There was only one beekeeper in the region and he had only few hives quite far away. 
Honeybees are capable to forage far from the nest, more than 3 km, but they will do so only if 
the amount of flowers and the amount of rewards (nectar and pollen) is attractive. Some 
foragers are going out to explore and then communicate their findings by “the bee dance” 
(Seeley 1985). Depending on the rewards (amount of flowers, quantity and quality of nectar 
and pollen) individual honeybees then decide to go and collect pollen over there. The results 
that not many bees were present in the strips studied, might be due to a too low attractiveness 
of the flowers (species and quantity). To support this hypothesis, it can be argued that in one 
of the extra strips studied, many more bees were observed (no precise quantitative analysis 
was done on these extra observations). The flower species present in high quantity of flowers 
in that strip, at that moment was Borago officinalis . This flower species is known to be really 
attractive for honeybees. This strip was located on the same place as some strips used in the 
analysis, so the presence of honeybees was not an effect of the surrounding. Finally, the main 
reason why a low number of visits by honeybee was reported, was that honeybees were not 
attracted enough.  
 
Based on field observations and the additional transects, hoverflies seemed to be present in 
higher numbers of individuals. But in terms of visitation rate, flowers were more visited by 
bumblebees than by hoverflies. Explanations to this result are principally the weather and 
differences in foraging behavior. It is assumed that hoverflies are not active with high 
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temperature (Maier and Waldbauer 1979). I indeed observed that above 25°C, there were 
barely any hoverflies which is not the case with bumblebees or honeybees. But the most 
obvious reason is that hoverflies do not visit flowers to collect pollen but only to feed on the 
pollen and the nectar and to take a rest on the flower. The time spent on one flower by a 
hoverfly is longer than that what a bumblebee or a honeybee would do, so it results in a lower 
visitation rate.  
 
Looking at the results for Malva and Helianthus, it is important to keep in mind that both 
were late flowering species, thus the results were based on few observations. In addition, as it 
was described in the section Material and Methods, a flower head of Helianthus was counted 
as one flower, the morphology of this flower (it is much bigger than the other flowers) permit 
the visitation of several pollinators at the same time. This point raises a question concerning 
the method, and the relevance of comparing morphologically different flowers. Another 
approach could have been done by using another unit of measurement. Instead of doing an 
analysis on visitation rate (visits per flower or head of flower), it could have been done on 
visits per plant, but as well plants differs in size and morphology. Therefore it also has an 
effect difficult to deal with. Then visitation of flower species which have only one flower like 
Helianthus could have been compared with flower species that have an important number of 
flowers like Ammi . 
 
In term of visitation rate per pollinator guild, Helianthus results to be one of the flowers 
preferred by bumblebee, hoverfly and honeybee but not always significantly more than other 
flower species. Looking at overall pollinators, Papaver is the most preferred flower. It is an 
open flower and it permits the pollinator to land directly on the centre of the flower  so it is 
easily accessible and has good rewards (Proctor and Yeo 1973).  
 
At the pollinator guild level, after Helianthus and Papaver, Centaurea is significantly 
preferred by bumblebees (Figure 6). It results again from the shape and the color of the flower 
species. It is assumed that Bumblebees favor blue flowers (Lunau and Maier 1995; Ings et al. 
2009). It is due to an evolution of flower visitor to use color signal to detect flowers and 
locate the site of rewards. Other pollinators also use the color of flowers to remember the 
rewarding flower species but it is less clear compared to bumblebees. It has been observed 
that hoverflies are likely to have an innate preference for yellow colors (Lunau and Maier 
1995). Thus, the high visitation rate of Chrysanthemum by hoverfly compared to the visitation 
rate of Chrysanthemum by other pollinator guilds may partly be explained by its yellow color. 
Studies done by (Haslett 1989) on patterns of resource utilization by hoverflies reported that 
the division of flower resources is (partially) dependent on the color of the flowers for 
hoverflies species that are selective in their pollen diet. Lunau and Maier (1995) explained 
that honeybees can also discriminate different colors but it is less used for foraging because 
honeybees have an important communication system concerning food sources (dance 
language). Nevertheless, honeybees that are looking for food source will use several cues to 
find flowers like mainly the color, the shape and then the smell (Seeley 1985). Due to its late 
flowering and its presence in only two strips, results on Malva had to be analyzed separately. 
Nevertheless it is likely that Malva is also one of the preferred flower species of bumblebees 
and honeybees. Malva is a dish-shaped blossom with a large landing surface benefitting 
pollinators. Besides that, this flower species offers in addition to pollen lots of nectar which is 
the main calorific reward for the pollinators (Benton 2006).  
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Benefit for the pollinators 
 
My study permitted to determine which flower species from the field margins are preferred by 
which pollinator guild. From the data obtained it is difficult to determine how pollinators 
benefit from these flowers and the margins in general. Concerning solitary bees, it has been 
found that the main decline of solitary bees is due to food shortage, only the presence and the 
diversity of flowers have an interest for the solitary bee (Muller et al. 2006). Benefit can be 
related to the amount and the quality of food provided by the flower margins to the 
pollinators. To have a clear picture of the situation more measurements are needed and 
information on other habitat requirements than food availability should be investigated 
(Steffan-Dewenter et al. 2002). Nevertheless based on the OFT, it is assumed that the most 
visited flowers have the greater rewards per unit time. Pollinators are foraging for pollen and 
nectar as nutritional good for their own and for the nest. Pollen is the main source of protein 
during the life cycle of all bee species. Proteins play an important role in the juvenile stages of 
bees (Haydak 1968; Haydak 1970 see review on honeybee). Pollen from different flowers 
have different nutritive values and the crude protein content varies (Roulston and Cane 2000). 
In my study bumblebees visited Helianthus, Papaver, and Centaurea more than other plant 
species. Tasei and Aupinel (2008) tested the nutritional value of 15 pollen species and pollen 
mixes on larvae produced by bumblebee workers. They reported that the best performance 
ranking was attributed to Castanea, Papaver and Rubus whereas the lowest results were 
assigned to Helianthus and Cistus. Thus Papaver has a better nutritional value than 
Helianthus, it might be more beneficial in terms of nutrition for the bumblebee. However, 
beside its nutritional value it should be taken into account that Papaver flowers produce only 
pollen whereas Helianthus flowers produce pollen and nectar (Koster 2007). In addition, to 
determine if this benefit is relevant for the entire population of bumblebees, during the whole 
season, the quantity of pollen available per flower and per plant, the availability during the 
day and during the season, would need to be known. I looked at the difference in visitation 
rate per pollinator guild between days but the interaction between pollinator guild and day 
was not significant. The observation period might have been too short to reveal these 
differences. But I know from literature that the activity and the number of individuals of 
pollinator guild and even pollinator species, varies in the season (Proctor and Yeo 1973).  
 

Day Cycle 
 
I found a significant effect of the time of the day on the visitations rate (p<0.05) of all 
pollinators combined. However this effect was not found back for each pollinator guild. 
Bumblebees have a clear day cycle, in my study high visitation rates were observed in the 
morning between 8:00 and 10:00. Benton (2006) explained that bumblebees (B. terrestris and 
B. lucorum) had a peak activity early in the morning (5-7am) and later in the afternoon (5-
7pm) with really low activity in the middle of the day. So, my results compared to the ones of 
(Benton 2006) have the same trends but slightly different, which can be explained by the 
environment. In Hoeksche Waard it remained wet in the field until 8:30, which is also a 
reason why it was not worthwhile to do observations earlier in the morning. In addition, on 
some of the observations of the day cycle it was windy from 16:00 onwards. I was not able to 
make a day cycle activity for honeybee but I expected that it would have been similar to the 
result of (Free 1955) (Free 1955) (Annex VIII).  Their activity starts later in the morning than 
that of bumblebees and has a peak between 10:00- 11:00. The activity of pollinators changes 
also according to the temperature and the time of the day (Corbet et al. 1993). Concerning the 
activity of hoverflies, they do not have a precise cycle their activity depends mainly on the 
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temperature, as mentioned previously they are less or not active on high temperature (Maier 
and Waldbauer 1979). 
As mentioned before, it is also interesting to take into account the flowering period and peak 
of number of flowers of each flower species in order to know if pollinators will take the most 
benefit from those flowers. Nevertheless even if flowers are present the pollinator will not 
always visit them because flower rewards vary according to the time of the day, weather 
conditions and seasonal change (Corbet 1978; Zimmerman 1988; Herrera 1990). Bees will 
have a “flower constancy” which mean they tend to specialize in foraging on one type of 
blossoms at one moment, but flower constancy and its implication for OFT are really complex 
(Benton 2006). Indeed, patterns are not straightforward because bees also occasionally sample 
other species when they are experiencing declines in rewards of their current specialism but 
also to check if equally rewarding and accessible blossom types are not being overlooked. 
Then they can decide to switch to another plant species. I would expect that pollinators are 
foraging when the nectar and the pollen are the most available but Herrera (1990) and Benton 
(2006) did not find such matching in timing of foraging and the availability of nectar and 
pollen from Lavandula latifolia. Their studies were on this specific flower species and 
pollinator but it maybe likely to be the same for other flower species. The complexity of the 
“flower constancy” can be illustrated by the results of the day cycles for bumblebee. In the 
morning the highest visitation rate was on Papaver until 10:00 and the rest of the day on 
Centaurea whereas in the strip where Malva was present the highest visitation rate was on 
Malva. Thus, according to the OFT, Papaver is the most rewarding flower species in the 
morning (indeed it was the moment when it is fully blooming) and then during the day Malva 
and Centaurea are the most rewarding flowers. Further investigations are needed to determine 
the benefit pollinators can get from the flower strips. 
 

Flower visitation data as valuation of flower strip s for pollinators?  
 
Flowers that are not visited will not be important for pollinators. This is obvious, but to 
valuate flowers (and flower seed mixtures) that are indeed visited by pollinators shows to be 
more complicated. How to compare very different flowers regarding shape, presentation, 
color, arrangement and rewards?  From the plants ‘view’ the number of flowers visited is very 
important, although not every visit is equally valuable: a visitor that arrives from another 
plant of the same species, and carrying ample pollen would be the most valuable for cross 
pollination, but many might come from another flower on the same plant (only useful for self 
pollination or to carry pollens away to another plant) or even from another plant species. 
From the pollinators view point the reward (which, how much, how easy to handle), but again 
also the arrangement and structure of the flowers, the color etc. are important cues. 
Bumblebees would prefer those flowers that give the optimal reward per unit time. Hoverflies 
on the other hand only need flowers which furnish them with small amounts of nectar to allow 
the next few flights. Easy availability of the nectar (non deep, shallow flowers, many and well 
distributed) might be more important.  
 

But how to compare flowers? 
 
Visitation rate was high on Helianthus compared to Ammi. But the Helianthus head (see 
picture in Annex VII) may carry 900 tubular flowers, of which on one day 50 – 100 are in 
fully blooming). On an Ammi second level umbel some 30 florets are present, of which some 
10 are in full bloom simultaneously. Recalculating the flower visitation rates on a real flower 
basis would certainly lead to a different comparative valuation of the species. But again then 
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one Ammi floret would be very different from one Helianthus floret regarding reward and 
availability of it. 
 
One approach would have been to calculate the mean available ‘flowering units’ per Mixture 
type, estimate by observation the number of visits per flowering unit, and then calculate the 
number of visits for this ‘standard mixture representative’ plot. Different seed mixtures would 
be comparable and can be rated.  
 
However, this approach would be indirect (by several estimation) and complicated (by 
determining the flowers units), to reach the same result as that obtained by just counting the 
number of visits per plot, (with replications) and compare these between strips. To evaluate 
the effects of strips on the abundance/presence of pollinators transect walks might have been a 
better approach. That has actually been done as extra information (Figure 8 and 9) but it was 
not easy to do. If there were many bumblebees, the observer would see less hoverflies 
because of their size. In addition, there would have been no information about which of the 
flower species did cause the attraction to a specific pollinator. To evaluate the effect of the 
presence of (different) strips upon the abundance of pollinators it would have been interesting 
to see whether in the direct environment of strips the abundance of pollinators, for instance on 
wild flower patches in road sides and ditches, would have been influenced. It was intended to 
make observations in wild flower patches, but it was found that almost all of these have been 
mown at the start of the observation period and second time few weeks later. 
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Conclusion  
 
Many flower species in different strips were visited intensively by several guilds of 
pollinators: I conclude that the strips are important forage areas for pollinators. 
My study could not determine which flower mixture was the most suitable to attract 
pollinators. 
 
This study has highlighted the complexity in preferences in flowers species of bumblebee, 
hoverflies and honeybee. It can be concluded that the flowers preferred in term of visitation 
rate are Helianthus, Papaver, Malva and Centaurea.  
 
Based on the results obtained, except maybe for few species of hoverflies it is less interesting 
to have an important number of species, better have less flower species but the “good one” it 
is as to say the one that pollinators prefer. Then these flowers could provide some food 
source. As food shortage is one reason of the pollinator decline, flower strips have an 
important role in regions where agriculture is really intensive.  

 
Recommendations 
 
Further investigations are needed to determine the benefit that pollinators can get from the 
flower strips. Analysis of pollen content and nutritional value could be done to compare the 
value of the flower species to the pollinators. It would be also relevant to look and compare 
with the flower species naturally present in the field margins. For instance in ditches 
Symphitum, Vicia craca, and trifolium pratensis can be found between two mowings.  
Sampling or counting of individuals per pollinator guild would be interesting to determine 
their abundance. In terms of biodiversity conservation, then it could be assessed which 
pollinator guilds or species are declining in the region, in order to set up some flower 
mixtures that would benefit them specially.  
 
Further investigations are necessary to have a flower species attracting honeybee, but also 
some project and support to develop more beekeeping activity in the region. Several farmers 
are already taking part in the project. It is promising that more of them will join in the coming 
years. If these flowers margins become as much as possible common in the agricultural area, 
it will be beneficial for biodiversity. 
In order to obtain a successful agri-environmental plan, the suitability of the area for 
pollinator nest sites should be assessed. Projects at the regional level could be implemented to 
obtain some “nectar highway”. 
 
In addition, flower strips have a role to give a positive image of farming to the society and it 
permits farmers to be supported towards changes in their practices in order to be more 
environmentally friendly. 
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Annex I 
 
Table : Flowers species selected for the analysis. 
 
 
 

 

 

Flowers species  
present in the observations 

 Fagopyrum  esculentum 
 Ammi majus 
Centaurea  cyanus 
Papaver  rhoeas 
Chrysanthemum  segetum 
Helianthus annuus 
Malva sylvestris 

Calendula officinalis 
Gypsophila  elegans 
Agrostemma githago 
Anthemis  tinctoria 

Medicago stativa 

Gilia achilleifolia 

Phacelia tanacetifolia 

Borago officinalis  

Euphorbia serrata 

Achillea millefolium  

Brassica campestris 

Carthamus  tinctorius 
Cosmos  bipinnatus 

Flowers species  
selected for the analysis 

Fagopyrum esculentum 
Ammi  majus 
Centaurea cyanus 
Papaver  rhoeas 
Chrysanthemum  segetum   
Helianthus annuus 
Malva sylvestris 
Brassica  campestris 
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Annex II 
 
Table A. Visitation rate (mean of visits per flowers of plots, strips per mixture, days). 
 

Mixture FAB AGRO 
Visitation 

rate 5.926 7.029 
 
 
 
 
 
Table B. Output from the analysis of the model GLMM done on visitation rate. 
 
 
Fixed term                 Wald statistic  n.d.f.   F statistic  d.d.f.    F pr 
Flowers                             37.90       7          5.41   508.6  <0.001 
mix                                  0.37       1          0.37    58.0   0.544 
Taxo_gp                             89.53       5         17.90   805.7  <0.001 
Nb_flowers                          23.93       1         23.93   598.9  <0.001 
Flowers.mix                         33.11       6          5.52   718.7  <0.001 
Flowers.guild                       80.24      28          2.87   813.1  <0.001 
mix.guild                            6.26       4          1.56   812.5   0.182 
Flowers.Nb_flowers                  83.46       7         11.92   505.0  <0.001 
mix.Nb_flowers                       0.67       1          0.67   845.3   0.413 
guild.Nb_flowers                     7.66       4          1.91   777.4   0.106 
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Annex III   
Figure A. Correlation between the number of visits and the number of flowers (overall 
data from the observation period) given by Genstat 12th. 
 
Spearman's rank correlation coefficient 
======================================= 
 
Correlation 0.215, adjusted for ties 0.207 
Sample size 956 
t approximation  6.52 on 954 d.f., probability < O. 001 
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Table A. Correlations between number of visits and number of flowers per flower 
species (Spearman’s correlation, p<0.001). 
 
 
 
                             r  Sp r    adj 
       1 Fagopyrum       0.267 0.150  0.142 
       2 Ammi            0.163 0.225  0.217 
       3 Centaurea       0.334 0.396  0.389 
       4 Papaver         0.394 0.328  0.320 
       5 Chrysanthemum   0.023 0.276  0.266 
       6 Helianthus      0.441 0.444  0.406 
       7 Malva           0.493 0.455  0.450 
      19 Brassica        0.428 0.390  0.379 
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Annex IV 
Visitation rate per flowers species per pollinators guild (N=420). Out put from GLMM 
Genstat 12th.  
 
*** backtransformed table of means *** 
Pollinator guild: bumblebee    hoverfly    honeybee    butterfly solitarybee 
      Flowers 
    Fagopyrum      0.0381      0.0475      0.0476      0.0130      0.0159 
         Ammi      0.0121      0.0265      0.0176      0.0072      0.0071 
    Centaurea      0.3273      0.2028      0.1488      0.1594      0.1033 
      Papaver      0.7459      0.4939      0.2665      0.5132      0.1994 
Chrysanthemum      0.0991      0.1987      0.1483      0.0779      0.1010 
   Helianthus      1.1044      0.6847      0.3827      0.2258      0.2930 
        Malva           *           *           *           *           * 
     Brassica      0.0482      0.0413      0.0147      0.0162      0.0068 
 
 
  Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 
Pollinator guild: bumblebee 
 
levels, means and groups for factor 
Flowers 
            Ammi   0.0121   a . . 
       Fagopyrum   0.0381   a b . 
        Brassica   0.0482   a b . 
   Chrysanthemum   0.0991   . b . 
       Centaurea   0.3273   . . c 
         Papaver   0.7459   . . c 
      Helianthus   1.1044   . . c 
 

Pollinator guild:: hoverfly 
 
levels, means and groups for factor 
Flowers 
            Ammi   0.0265   a . 
        Brassica   0.0413   a . 
       Fagopyrum   0.0475   a . 
   Chrysanthemum   0.1987   . b 
       Centaurea   0.2028   . b 
         Papaver   0.4939   . b 
      Helianthus   0.6847   . b 
 

  Pollinator guild:: honeybee 
 
levels, means and groups for factor 
Flowers 
        Brassica   0.0147   a 
            Ammi   0.0176   a 
       Fagopyrum   0.0476   a 
   Chrysanthemum   0.1483   a 
       Centaurea   0.1488   a 
         Papaver   0.2665   a 
      Helianthus   0.3827   a 
 

  Pollinator guild:: butterfly 
 
levels, means and groups for factor 
Flowers 
            Ammi   0.0072   a . . 
       Fagopyrum   0.0130   a b . 
        Brassica   0.0162   a b c 
   Chrysanthemum   0.0779   . b c 
       Centaurea   0.1594   . b c 
      Helianthus   0.2258   . b c 
         Papaver   0.5132   . . c 
 

Pollinator guild:: solitarybee 
 
levels, means and groups for factor 
Flowers 
        Brassica   0.0068   a . 
            Ammi   0.0071   a . 
       Fagopyrum   0.0159   a b 
   Chrysanthemum   0.1010   . b 
       Centaurea   0.1033   . b 
         Papaver   0.1994   . b 
      Helianthus   0.2930   . b 
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Annex V   
Day cycle, Visitation rate per time of the day for Bumblebee and Hoverfly (N 18=66 or N16=54) for day 3:7-07-2010, day 4: 14-07-2010and  
day 5: 22-08-2010 Out put from GLMM Genstat 12th. 
 
 
Bumblebee          day           4 
 
                     Mean 
        _time           8           9          10          11          
12          13          14          15          16          17          
18 
     _Flowers 
         Ammi           *      0.0100           *           *           
*           *           *           *           *           *           
* 
    Centaurea      0.4250      0.3274      0.7692      0.4406      
0.3119      0.1053      0.6589      0.3246      0.4 722      0.4737      
0.7466 
      Papaver      1.4621      1.7222      0.8586      0.6326      
0.8671      0.3327      1.1407      1.2222           *           *      
0.1111 
Chrysanthemum           *      0.1270      0.1111           *           
*           *           *           *           *           *           
* 
 
 
 
*** backtransformed table of means *** 
        _time           8           9          10          11          
12          13          14          15          16          17          
18 
     _Flowers 
         Ammi           *      0.0100           *           *           
*           *           *           *           *           *           
* 
    Centaurea      0.2597      0.2379      0.7241      0.2434      
0.2270      0.0998      0.6162      0.3065      0.3 125      0.4540      
0.5875 
      Papaver      1.2575      1.4422      0.8550      0.3363      
0.5754      0.2877      0.7878      1.1807           *           *      
0.1073 
Chrysanthemum           *      0.1260      0.1121           *           
*           *           *           *           *           *           
* 
  

 
 
 
 
 
 Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 

Flowers specie: Ammi 
 
 
 
***** Nothing to compare ! 
***** 
 

Flowers specie: Centaurea 
 
levels, means and groups for 
factor _time 
   13.00   0.0998   a 
   12.00   0.2270   a 
    9.00   0.2379   a 
   11.00   0.2434   a 
    8.00   0.2597   a 
   15.00   0.3065   a 
   16.00   0.3125   a 
   17.00   0.4540   a 
   18.00   0.5875   a 
   14.00   0.6162   a 
   10.00   0.7241   a 
 

Flowers specie: Papaver 
 
levels, means and groups for 
factor _time 
   18.00   0.1073   a 
   13.00   0.2877   a 
   11.00   0.3363   a 
   12.00   0.5754   a 
   14.00   0.7878   a 
   10.00   0.8550   a 
   15.00   1.1807   a 
    8.00   1.2575   a 
    9.00   1.4422   a 
 

Flowers specie: Chrysanthemum 
 
levels, means and groups for 
factor _time 
   10.00   0.1121   a 
    9.00   0.1260   a 
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Bumblebee          day           5 
 
 
                  Mean 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
 Fagopyrum      0.0303           *           *           *           
*           *           *           *           * 
 Centaurea      0.3333      0.6667      0.4444      1.0000      
1.1667      0.3333      0.6667      0.4444      1.0 000 
   Papaver      2.4342      1.5072      1.2272      0.6852      
0.2884      0.4583      0.4167      0.6667           * 
Chrysanthemum   0.0303           *           *      0.7083           
*           *           *           *           * 
 
 
*** backtransformed table of means *** 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
 Fagopyrum      0.0340           *           *           *           
*           *           *           *           * 
 Centaurea      0.3736      0.6764      0.4405      0.9184      
1.0695      .3736      0.5858      0.4200      0.75 63 
   Papaver      2.2961      1.4893      1.2000      0.6667      
0.2513      0.4260      0.4142      0.6476           * 
Chrysanthemum   0.0278           *           *      0.7940           
*           *           *           *   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 
 
 
Flowers specie: Fagopyrum 
 
 
 
***** Nothing to compare ! 
***** 
 

Flowers specie: Centaurea 
 
levels, means and groups for 
factor _time 
    8.00   0.3736   a 
   13.00   0.3736   a 
   15.00   0.4200   a 
   10.00   0.4405   a 
   14.00   0.5858   a 
    9.00   0.6764   a 
   16.00   0.7563   a 
   11.00   0.9184   a 
   12.00   1.0695   a 
 

Flowers specie: Papaver 
 
levels, means and groups for 
factor _time 
   12.00   0.2513   a . . 
   14.00   0.4142   a b . 
   13.00   0.4260   a b . 
   15.00   0.6476   a b c 
   11.00   0.6667   a b c 
   10.00   1.2000   . b c 
    9.00   1.4893   . b c 
    8.00   2.2961   . . c 
 

Flowers specie: Chrysanthemum 
 
levels, means and groups for 
factor _time 
    8.00   0.0278   a . 
   11.00   0.7940   . b 
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Bumblebee          day           5 
 
                     Mean 
        _time           8           9          10          11          
12          13          14          15          16 
     _Flowers 
         Ammi           *           *           *           *           
*      0.0519           *           *           * 
    Centaurea      0.0630      0.3792      0.2552      0.3329      
0.3264      0.3547      0.2465      0.2186      0.3 922 
      Papaver      1.3744      1.1896      0.7850      0.8221      
0.3728      0.4593      0.6000      0.6071           * 
Chrysanthemum           *      0.1667           *           *           
*           *           *           *           * 
        Malva      0.1875      0.5497      0.5120      1.2308      
1.9231      0.8061      1.2139      1.7692      1.8 005 
 
 
*** backtransformed table of means *** 
        _time           8           9          10          11          
12          13          14          15          16 
     _Flowers 
         Ammi           *           *           *           *           
*      0.0534           *           *           * 
    Centaurea      0.0411      0.2805      0.1462      0.2666      
0.3151      0.3484      0.2131      0.2116      0.3 519 
      Papaver      1.3864      1.1218      0.6855      0.6228      
0.3182      0.2731      0.5939      0.6036           * 
Chrysanthemum           *      0.1650           *           *           
*           *           *           *           * 
        Malva      0.1933      0.5330      0.5121      1.2065      
1.8851      0.7507      1.1515      1.6015      1.7 905 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 

Flowers specie: Ammi 
 
 
 
***** Nothing to compare ! 
***** 
 

Flowers specie: Centaurea 
levels, means and groups for 
factor _time 
    8.00   0.0411   a . 
   10.00   0.1462   a b 
   15.00   0.2116   a b 
   14.00   0.2131   a b 
   11.00   0.2666   a b 
    9.00   0.2805   a b 
   12.00   0.3151   a b 
   13.00   0.3484   a b 
   16.00   0.3519   . b 
 

Flowers specie: Papaver 
levels, means and groups for 
factor _time 
   13.00   0.2731   a 
   12.00   0.3182   a 
   14.00   0.5939   a 
   15.00   0.6036   a 
   11.00   0.6228   a 
   10.00   0.6855   a 
    9.00   1.1218   a 
    8.00   1.3864   a 
 

Flowers specie: Chrysanthemum 
 
 
 
***** Nothing to compare ! 
***** 
 
 

Flowers specie: Malva 
levels, means and groups for 
factor _time 
    8.00   0.193   a 
   10.00   0.512   a 
    9.00   0.533   a 
   13.00   0.751   a 
   14.00   1.152   a 
   11.00   1.206   a 
   15.00   1.601   a 
   16.00   1.790   a 
   12.00   1.885   a 
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Hoverfly         day           3 
                     Mean 
     _time           8           9          10          11          
12          13          14          15          16          17          
18 
     _Flowers 
    Fagopyrum      0.0267      0.0275      0.0239      0.0278      
0.0067           *      0.0200           *           *           *      
0.0139 
         Ammi      0.0082      0.0270      0.0338      0.0614      
0.0080      0.0187      0.0476      0.0249      0.0 366      0.0218      
0.0440 
    Centaurea      0.5385      0.2179      0.3782      0.3671      
0.3611      0.1472           *      0.1096      0.3 333      0.3611      
0.2193 
      Papaver      1.5126      0.5979      0.3977      0.4915      
0.1111           *           *           *           *           *           
* 
Chrysanthemum      0.4286      0.1429      0.1825      0.5714      
0.2500           *      0.0769      0.4519           *      0.5385      
0.5046 
 
 
*** backtransformed table of means *** 
        _time           8           9          10          11          
12          13          14          15          16          17          
18 
     _Flowers 
    Fagopyrum      0.0226      0.0188      0.0188      0.0209      
0.0057           *      0.0170           *           *           *      
0.0104 
         Ammi      0.0096      0.0329      0.0317      0.0726      
0.0085      0.0154      0.0412      0.0318      0.0 302      0.0143      
0.0357 
    Centaurea      0.3593      0.1485      0.2632      0.1946      
0.2336      0.1249           *      0.1092      0.2 224      0.2133      
0.2183 
      Papaver      1.4201      0.5303      0.1916      0.2202      
0.2171           *           *           *           *           *           
* 
Chrysanthemum      0.5889      0.1963      0.1679      0.7852      
0.1616           *      0.1057      0.3202           *      0.7399      
0.5344 
 
  
 
 
 
 

 Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 
Flowers Flowers specie: 
Fagopyrum 
levels, means and groups 
for factor _time 
   12.00   0.00566   a 
   18.00   0.01044   a 
   14.00   0.01697   a 
   10.00   0.01883   a 
    9.00   0.01883   a 
   11.00   0.02088   a 
    8.00   0.02263   a 
 

Flowers Flowers specie: 
Ammi 
levels, means and groups 
for factor _time 
   12.00   0.00851   a . 
    8.00   0.00964   a b 
   17.00   0.01434   a b 
   13.00   0.01538   a b 
   16.00   0.03020   a b 
   10.00   0.03173   a b 
   15.00   0.03185   a b 
    9.00   0.03294   a b 
   18.00   0.03565   a b 
   14.00   0.04117   a b 
   11.00   0.07259   . b 
 

Flowers Flowers specie: 
Centaurea 
levels, means and groups 
for factor _time 
   15.00   0.1092   a 
   13.00   0.1249   a 
    9.00   0.1485   a 
   11.00   0.1946   a 
   17.00   0.2133   a 
   18.00   0.2183   a 
   16.00   0.2224   a 
   12.00   0.2336   a 
   10.00   0.2632   a 
    8.00   0.3593   a 
 

Flowers Flowers specie: 
Papaver 
levels, means and groups 
for factor _time 
   10.00   0.1916   a . 
   12.00   0.2171   a b 
   11.00   0.2202   a b 
    9.00   0.5303   a b 
    8.00   1.4201   . b 
 

Flowers specie: 
Chrysanthemum 
levels, means and groups 
for factor _time 
   14.00   0.1057   a 
   12.00   0.1616   a 
   10.00   0.1679   a 
    9.00   0.1963   a 
   15.00   0.3202   a 
   18.00   0.5344   a 
    8.00   0.5889   a 
   17.00   0.7399   a 
   11.00   0.7852   a 
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Hoverfly         day           4 
 
                  Mean 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
 Fagopyrum      0.0752      0.0818      0.0570      0.0267      
0.0503           *           *           *           * 
      Ammi      0.0113      0.0559      0.0748      0.0667      
0.0846      0.0235      0.0242      0.0239      0.0 564 
 Centaurea           *      0.3333      0.3333           *           
*      0.3333      0.3333           *           * 
   Papaver      0.7388      0.0894      0.1627      0.0833           
*           *           *           *      3.5000 
Chrysanthemum   0.1654      0.1000      0.1588      0.3348      
0.1699      0.1798      0.2235      0.3621      0.3 644 
 
 
*** backtransformed table of means *** 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
 Fagopyrum      0.0572      0.0603      0.0539      0.0235      
0.0467           *           *           *           * 
      Ammi      0.0107      0.0465      0.0726      0.0548      
0.0695      0.0195      0.0215      0.0239      0.0 503 
 Centaurea           *      0.2935      0.3407           *           
*      0.2935      0.3333           *           * 
   Papaver      0.6703      0.0895      0.1188      0.0926           
*           *           *           *      3.5777 
Chrysanthemum   0.1434      0.1111      0.1544      0.3297      
0.1679      0.1609      0.1722      0.3169      0.3 128 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 
Flowers Flowers specie: 
Fagopyrum 
 
levels, means and groups for 
factor _time 
   11.00   0.02348   a 
   12.00   0.04671   a 
   10.00   0.05394   a 
    8.00   0.05721   a 
    9.00   0.06030   a 
 

Flowers Flowers specie: Ammi 
 
levels, means and groups for 
factor _time 
    8.00   0.01067   a . 
   13.00   0.01951   a b 
   14.00   0.02153   a b 
   15.00   0.02391   a b 
    9.00   0.04649   a b 
   16.00   0.05035   a b 
   11.00   0.05477   a b 
   12.00   0.06948   . b 
   10.00   0.07261   . b 
 

Flowers Flowers specie: 
Centaurea 
 
levels, means and groups for 
factor _time 
    9.00   0.2935   a 
   13.00   0.2935   a 
   14.00   0.3333   a 
   10.00   0.3407   a 
 

Flowers Flowers specie: 
Papaver 
 
levels, means and groups for 
factor _time 
    9.00   0.0895   a . 
   11.00   0.0926   a . 
   10.00   0.1188   a . 
    8.00   0.6703   . b 
   16.00   3.5777   . b 
 

Flowers Flowers specie: 
Chrysanthemum 
 
levels, means and groups for 
factor _time 
    9.00   0.1111   a 
    8.00   0.1434   a 
   10.00   0.1544   a 
   13.00   0.1609   a 
   12.00   0.1679   a 
   14.00   0.1722   a 
   16.00   0.3128   a 
   15.00   0.3169   a 
   11.00   0.3297   a 
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Hoverfly         day           5 
 
                     Mean 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
      Ammi      0.0148      0.0112      0.0282      0.0993      
0.1218      0.0840      0.1533      0.1160      0.0 798 
 Centaurea      0.0836      0.1862      0.1908      0.4688      
0.1608      0.0938      0.1091      0.0260      0.0 744 
   Papaver      1.2415      1.7198      0.6353      0.1651      
0.1691      0.2222      0.6667           *      0.1 429 
Chrysanthemum        *      0.3750      0.3333      0.2500      
0.5000      2.7778      1.7500      0.4167      0.1 667 
     Malva      0.3750      0.1538      0.2388           *      
0.2500           *           *           *           * 
 
 
*** backtransformed table of means *** 
     _time           8           9          10          11          
12          13          14          15          16 
  _Flowers 
      Ammi      0.0148      0.0100      0.0261      0.0966      
0.1163      0.0664      0.1519      0.1039      0.0 751 
 Centaurea      0.0831      0.1648      0.1847      0.3692      
0.1305      0.0800      0.0962      0.0235      0.0 743 
   Papaver      1.2414      1.6822      0.4426      0.1591      
0.1625      0.2222      0.5774           *      0.1 429 
Chrysanthemum        *      0.3433      0.3029      0.2357      
0.3816      1.3264      1.0274      0.3333      0.1 667 
     Malva      0.3536      0.1332      0.2291           *      
0.2500           *           *           *           * 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
  Pairwise comparisons of means; p= 0.05 (TUKEY) 
================================================ 
Flowers Flowers specie: Ammi 
levels, means and groups for 
factor _time 
9.00   0.01004   a . 
8.00   0.01481   a b 
10.00   0.02611   a b 
13.00   0.06643   . b 
16.00   0.07515   . b 
11.00   0.09663   . b 
15.00   0.10394   . b 
12.00   0.11633   . b 
14.00   0.15186   . b 
 

Flowers Flowers specie: 
Centaurea 
 
levels, means and groups for 
factor _time 
15.00   0.0235   a . 
16.00   0.0743   a b 
13.00   0.0800   a b 
8.00   0.0831   a b 
14.00   0.0962   a b 
12.00   0.1305   a b 
9.00   0.1648   a b 
10.00   0.1847   a b 
11.00   0.3692   . b 
 

Flowers Flowers specie: 
Papaver 
 
levels, means and groups for 
factor _time 
16.00   0.1429   a . 
11.00   0.1591   a . 
12.00   0.1625   a . 
13.00   0.2222   a b 
10.00   0.4426   a b 
14.00   0.5774   a b 
8.00   1.2414   a b 
9.00   1.6822   . b 
 

Flowers Flowers specie: 
Chrysanthemum 
 
levels, means and groups for 
factor _time 
16.00   0.1667   a . 
11.00   0.2357   a b 
10.00   0.3029   a b 
15.00   0.3333   a b 
9.00   0.3433   a b 
12.00   0.3816   a b 
14.00   1.0274   a b 
13.00   1.3264   . b 
 

Flowers Flowers specie: Malva 
 
levels, means and groups for 
factor _time 
9.00   0.1332   a 
10.00   0.2291   a 
12.00   0.2500   a 
8.00   0.3536   a 
 

 

 
 

 
 



 44 

 

Bumblebee day 3
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Annex V  
Figure day cycle Visitation rate per pollinator guild. Visitation rate (mean of  3plots) per flower species per time of the day, during 10min of 
observation on plot of 1m x 1m. P<0.05 Student-test, ( a and b: 7-07-2010, strip3, Fab-mixture, T 16-22°C ; c and d: 14-07-2010, strip1, Fab-mixture, 
T 25-30°C ; e and f: 22-08-2010, strip6, Agro-mixture, T 16-20 °C). 

 a 
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Annex VI   
Difference in flower density between strips. a/ Agro strip 8 beginning July: low density of 
flower, b/ Agro strip 8 end July, c/ Agro strip 6 end July 
d/ Fab strip 2 beginning July, high pressure of weed ( Brassica) e/ Fab strip 2 end Julyi d/ Fab 
strip 1 end July. 
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Annex VII  
Pictures of flowers and pollinator: a/ Bumblebee on Helianthus b/ Bumblebee on 
Papaver c/ Bumblebee on Centaurea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  a 

  b   c 
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Annex VIII   
Mean number of bumblebees and honeybees, counted on 4 strips 100yds x 2yds of red 
clover field on 21, 23, 25-08-1951, (Free, 1955). 
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Insectes pollinisateurs, pourquoi s’y intéresser ?  
 
Depuis un demi-siècle,  le nombre d’individus mais aussi d’espèces d’insectes pollinisateurs 

est en déclin (Kluser and Peduzzi 2007). La raison principale de ce déclin est l’intensification 

de l’agriculture. En effet, l’utilisation intensive d’insecticides et de pesticides, 

l’agrandissement de la taille des champs, la fragmentation des habitats naturels et de 

manière générale, la réduction de zones « naturelles » ont diminué les sources 

d’alimentation et les lieux de nidation pour les insectes pollinisateurs. Suite au déclin de ces 

insectes dans certaines régions, le nombre d’espèces d’oiseaux a aussi diminué (Benton et 

al. 2002). La réduction du nombre d’insectes pollinisateurs et de la diversité de leurs 

espèces ont des conséquences importantes en termes de biodiversité, mais aussi pour la 

production agricole et donc aussi des conséquences économiques pour la société (Kluser 

and Peduzzi 2007).  Les insectes pollinisateurs  ont un rôle important en terme de services 

agro-écologiques, plus de 35 %  des cultures mondiales dépendent entièrement de la 

pollinisation par les insectes (Klein, Vaissiere et al. 2007). Les insectes pollinisateurs 

permettent aussi une augmentation de rendement pour la plupart des autres productions 

agricoles.  Il a été émis l’hypothèse qu’un déclin en nombre d’espèces de pollinisateurs ne 

serait pas un problème car les pollinisateurs restants seraient alors en plus grand nombre et 

assurerait le rôle de pollinisation nécessaire. Mais ce n’est pas le cas car dans l’optique de 

conservation de la biodiversité, la diversité des pollinisateurs est nécessaire pour assurer la 

reproduction d’un grand nombre de fleurs en voie de disparition mais aussi dans le cas de 

déclin drastic d’une de ces espèces  par exemple Apis mellifera (Stokstad 2007). 

 

Des bandes fleuries, pourquoi ?   
 
De nos jours, de nombreuses mesures agri-environnementales ont été mises en place afin 

de protéger la biodiversité mais pas uniquement dans les zones naturelles, aussi dans les 

zones agricoles. Aux Pays-Bas, dans la région agricole de HoekscheWaard, un projet de 

mise en place de bandes fleuries a été développé (Rijn, Alebeek et al. 2008) ( Figure 1). 

Bandes fleuries et insectes pollinisateurs,  
quels effets ? 
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Le but principal des bandes fleuries est un contrôle biologique. Elles ont été élaborées pour 

attirer et supporter le développement des ennemis naturels. Mais ces fleurs peuvent aussi 

avoir un rôle pour les insectes pollinisateurs en leur fournissant de quoi se nourrir et s’abriter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Quel est le but de cette étude ? 
Le but de ce mémoire de fin d'études a été de déterminer quel était l’effet des bandes 

fleuries sur les insectes pollinisateurs. Mais aussi quel type de mélange de fleurs et espèces 

de fleurs stimulent le plus les visites d’insectes de quel groupe (= pollinisateurs guilde). Enfin 

quels bénéfices les insectes pollinisateurs tirent de la présence des ces bandes fleuries. 

 

Site d’observation 

Les observations ont été réalisées dans une 

région agricole très intensive des Pays-Bas. 

Hoesche Waard est situé au sud de Rotterdam, 

près de Dordrecht (Figure 2). Il y a environ 

20 000 ha de culture et 700 ha de zone 

naturelle nature. Les cultures ne sont pas très 

diversifiées dans cette région, ce sont 

principalement des pâtures, des pommes de 

terre, des betteraves à sucre et du blé 

(Kenniscentrum Nationaal Landschap, 

www.natlan.nl). 

 

 

Figure 1. Bande fleurie à côté d’un champ de blé dans la région de 
Hoeksche Waard aux Pays Bas. 

Figure 2. Carte de la région de Hoeksche 
Waard aux Pays Bas. 
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Dispositif expérimental 

Deux types de mélanges de fleurs ont été semés mi-avril. L’un est appelé Fab-mixture et a 

pour but d’améliorer la présence d’ennemis naturels en particulier les syrphes. L’autre 

mélange,  Agro-mixture, a pour but d’améliorer la présence d’ennemis naturels mais aussi  

d’abeilles et d’oiseaux. Les observations ont été faites pendant six semaines entre mi-juin et 

fin juillet.  Elles ont été réalisées sur un quadra de 1 m sur 1 m pendant dix minutes (Figure 

5). Le nombre de visites d’une fleur par un insecte pollinisateur était relevé ainsi que le 

groupe de l’insecte (bourdon, syrphe, abeille et abeille solitaire) et l’espèce de la fleur. 

Ensuite le nombre de fleurs était compté. Dans le cas de fleurs en capitule, un capitule fût 

compté comme une fleur. Dans le cas de fleurs en ombelles, les ombelles du niveau le plus 

bas étaient considérées comme une fleur, ensuite leur nombre par ombelle de deuxième 

niveau a été estimé puis multiplié par le nombre d’ombelles comptés. Les observations ont 

été répétées sur six différents quadras choisis de façon aléatoire dans une  bande fleurie 

(Figure 4). Il y avait quatre bandes du type Fab-mixture et trois bandes du type Agro-mixture 

situées sur différentes exploitations agricoles. Toutes les bandes du même type de mélange 

de fleurs ont été observées le même jour et l’heure d’observation d’une bande a été 

randomisée afin d’effacer un effet du temps. Les jours d’observation ont été choisis en 

fonction des conditions météorologiques,  la journée devait être ensoleillée avec peu de vent. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Situation des Bandes Fleuries dans 
la région de Hoesche Waard. 

Figure 4 . Schéma  d’un champ, d’une bande 
fleurie, et d’un quadra. 
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Des observations supplémentaires ont été faites une fois par semaine sur une journée 

entière afin d’obtenir un cycle journalier de l’activité des insectes pollinisateurs. Les 

observations étaient faites sur une seule bande fleurie et trois quadras étaient observés par 

heure, chaque heure de la journée entre 8 :00 et 16 :00 ou 18 :00, en fonction des conditions 

météorologiques. 

 

L’analyse statistique a été faite à l’aide d’un modèle appelé GLMM, « generalized linear 

mixed model » sur le taux de visite (nombre de visites par quadra pendant 10min/nombre de 

fleurs dans un quadra).  Certaines données ont dû être considérées « out » du fait que peu 

de fleurs étaient présentes ou  pas assez d’insectes.  

 

Quelles fleurs sont préférées ? Et par qui ?  

Dans cette expérience, un type de mélange de fleurs n’a pas été plus préféré que l’autre par 

les insectes pollinisateurs probablement dû à trop peu de différence entre les espèces 

utilisées et en fleurs à ce moment-là. 

De manière générale, en termes de taux de visites, les insectes pollinisateurs préfèrent les 

fleurs de Coquelicot, Malva, Tournesol et Bleuet. Ceci étant principalement le résultat de la 

théorie OFT (« optimal foraging theory ») (MacArthur. 1966). En effet, il est expliqué que les 

Figure 5. Photo d’un quadra de 1 m sur 1 m dans lequel les observations ont été faites. 
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préférences en fleurs des insectes pollinisateurs sont principalement influencées par la 

quantité de récompense qu’une fleur offre par unité de temps. Et par la suite, les 

pollinisateurs ont une mémoire pour reconnaître ces fleurs selon leur odeur, leur couleur et 

leur forme.  

En termes de taux de visite,  les bourdons, syrphes et abeilles ont montré une grande 

préférence pour les fleurs de Tournesol  puis Coquelicot et enfin Bleuet (Figure 6). Le 

tournesol est une fleur avec un très grand capitule qui permet de recevoir au même moment 

plusieurs insectes d’où un taux de visites plus grand. De plus, les tournesols et les 

coquelicots sont des fleurs qui possèdent un pollen avec des qualités nutritives importantes 

(Tasei and Aupinel 2008). La qualité nutritive du pollen de Coquelicot est même plus 

important que celle de tournesol.  

Cependant, nous ne savons pas en quelles quantités le pollen est disponible selon chaque 

espèces de fleurs. Afin d’avoir une idée précise des bénéfices que les insectes tirent des 

fleurs présentes, il faudrait  faire des recherches et notamment collecter, mesurer et analyser 

le pollen des espèces de fleurs présentes. Même si il n’est pas possible de quantifier 

exactement le bénéfice pour les insectes pollinisateurs, il est cependant possible d’affirmer 

que les fleurs de Tournesol, Coquelicot, Mauve sylvestre et Bleuet ont donc un rôle 

considérable en tant que source alimentaire pour les bourdons et les syrphes. Néanmoins, 

ces fleurs ne sont pas assez intéressantes ou nombreuses pour les abeilles. En effet, le 

nombre de visites d’abeilles de manière générale était plus faible que celui des bourdons et 

des syrphes. Ce résultat peut être expliqué par le fait que les abeilles sont des insectes 

sociaux qui sont très organisés notamment pour collecter leur nourriture. Elles possèdent 

des abeilles « éclaireuses » qui communiquent par la « danse des abeilles » la distance,  la 

qualité et la quantité de fleurs.  

C’est ensuite que les abeilles se déplacent pour aller récolter le pollen et le nectar. Si la 

récompense n’est pas assez importante, le déplacement ne sera pas fait. Un autre argument  

 

Figure 6. Bourdons sur Tournesol, Coquelicot, et  Bleuet. 
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aurait été qu’il y a très peu d’apiculteurs dans la région de Hoeksche Waard, mais cependant 

les abeilles peuvent voler de grandes distances pour collecter leur nourriture. Ce résultat met 

en avant la nécessité d’avoir encore un plus grand nombre de bandes fleuries et aussi sur 

des surfaces plus importantes. Des recherches supplémentaires sont nécessaires afin 

d’ajouter une ou plusieurs espèces de fleurs qui attireraient suffisamment les abeilles. Il est 

cependant important de prendre en compte que cette étude a permis de montrer que 

quelque soit leur groupe, les insectes pollinisateurs préfèrent plus ou moins les mêmes 

fleurs. Ce résultat peut aussi être dû au choix de la méthode, car par exemple de 

nombreuses visites de fleurs d’ammi élevé ou des chrysanthèmes des moissons ont été 

observées mais n’apparaissement pas dans les résultats car l’analyse est faite sur un taux 

de visites par fleur et par example le nombre de fleurs d’ammi élevé est très important. Une 

proposition d’adoption d’une autre méthode serait de calculer le nombre de visites par 

plantes donc indépendamment du nombre de fleurs. 

Activité journalière 

Des résultats ont pu être obtenus uniquement pour les bourdons et les syrphes car pour les 

autres insectes, il n’y avait pas assez de données disponibles. Les bourdons ont un cycle 

journalier assez marqué: entre 8 :00 et 10 :00 du matin, ils sont très actifs, ensuite entre 

12 :00 et 13 :00, le nombre de visites de fleurs est au plus bas, et l’activité des bourdons 

augmente à nouveau en fin d’après-midi à partir de 16 :00. Des résultats semblables ont été 

obtenus par (Benton 2006). Concernant les Syrphes, ils n’ont pas de cycle précis, ils sont 

cependant plus actifs tôt le matin. La condition prédominante de leur activité est la 

température, en effet, les syrphes sont inactives à de hautes températures (Maier and 

Waldbauer 1979).  

Fleurs visitées pendant la journée 

Les pollinisateurs ne visitent pas toute la journée les même fleurs selon leur présence et leur 

préférence. Les bourdons visitent le matin les coquelicots principalement dû au fait qu’en fin 

de matinée, le nombre de coquelicots diminue considérablement car ils fanent. Et ils visitent 

à peu près toute la journée les bleuets. Et si les fleurs de mauve sylvestre sont présentes, 

elles sont  beaucoup visitées, en particulier après 12 :00. Les syrphes visitent les coquelicots 

le matin entre 8 :00 et 9 :00, puis dans la journée, ils visitent principalement les 

chrysanthèmes des moissons. Il est cependant important de prendre en compte que les 

Syrphes englobent un nombre important de différentes espèces. Chacune de ces espèces 

sont assez différentes  par leur taille, leur comportement et leur régime alimentaire. Ce point 

met en avant qu’il pourrait aussi être intéressant de séparer les espèces. 
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Que retenir de cette étude ?  

Dans des régions agricoles très intensives, la biodiversité diminue considérablement. Par 

l’aménagement d’habitat comme la mise en place de bandes fleuries, les agriculteurs 

peuvent contribuer à maintenir l’agriculture. Les insectes pollinisateurs bénéficient de ces 

fleurs car elles sont une source d’alimentation importante. Les espèces de fleurs les plus 

visitées par unité d’une fleur sont les tournesols, les coquelicots, les mauves sylvestre  et les 

bleuets. Les fleurs comme ammis élevées et les chrysanthèmes des moissons semblent 

aussi avoir un potententiel pour les syphes mais la méthode utilisée ici n’a pas pû le mettre 

en avant.  

Peu d’abeilles ont été observées dans cette étude, car la quantité ou l’espèce des fleurs ne 

les attiraient pas suffisamment. Il serait  donc intéressant de trouver une espèce de fleurs qui 

leur conviendrait tout en prenant en compte le fait que cette espèce ne doit pas devenir une 

plante indésirable pour les agriculteurs. 

Les bandes fleuries ont un rôle important pour la biodiversité mais aussi au niveau du regard 

de la société, elles permettent aux agriculteurs d’avoir une image plus positive et de les 

soutenir dans une transition pour adopter des pratiques plus respectueuses de 

l’environnement. 
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Résumé :  
L’abondance et les groupes (Bourdons, Syrphes, abeilles, abeilles solitaires et papillons) de 
pollinisateurs ont diminué des dernières années dans des terres agricoles intensives telles que dans 
la région Hoeksche Waard aux Pays-Bas. Par mesures agro-environnementales telles que la mise en 
œuvre des bandes fleuries, la biodiversité peut être réintroduite et mieux entretenue. Les  bandes 
fleuries ont été élaborées pour la lutte biologique qui se base sur la biodiversité fonctionnelle. Dans ce 
mémoire de fin d’études,  on s’est intéressé au nombre de visites de pollinisateurs selon leur guilde et 
les espèces de fleurs. Les observations ont été faites sur un quadra de 1m x 1m (répétés 6 fois par 
bandes) dans plusieurs bandes semées avec des mélanges de fleurs différentes. Un plus grand 
nombre de visites par fleurs ont été signalés par les bourdons, syrphes et abeilles. Les espèces de 
fleurs les plus visités ont été Helianthus, Papaver, Malva et Centaurea. Ces fleurs ont un potentiel  
important pour être une source d’alimentation pour les pollinisateurs. 
 
 
Summary :  
Decreases in pollinator abundance are observed in intensive agricultural land such as in the Hoeksche 
Waard region in the Netherlands. Through the mean of agri-environmental measures such as 
implementation of flower margins, biodiversity can be re-introduced and better maintained. Different 
mixtures of flower species were seeded in the field margins, it resulted in flower strips. The flower 
strips and the mixtures have been developed to enhance biological control based on functional 
biodiversity. In this thesis it has been investigated which pollinator guilds were present, how they visit 
these strips and which mixture they would prefer. I observed visitation by pollinators of flowers in plots 
of 1m x 1m in several strips sown with different flower mixtures. This study highlighted the complexity 
of preference in flowers by pollinator according to the abundance of flower, the presence of other 
flower and the time of the day or the weather. Higher overall numbers of visits per flower were 
observed for bumblebees and hoverflies than for honeybees. Pollinator visited mainly a subset of 
flowers which was the same for both mixtures. The subset of flowers species visited was Papaver, 
Helianthus, Centaurea, Malva, Chrysanthemum, Fagopyrum, Ammi, Brassica. The flower species the 
most visited were Helianthus, Papaver, Malva and Centaurea. These flowers are promising to be 
important food resources for pollinators especially for bumblebee and hoverflies. Concerning 
honeybee further researches are needed to find suitable flower species and management that can 
attract them. 
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