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Abstract

Decreases in pollinator abundance are observedtemsive agricultural land such as in the
Hoeksche Waard region in the Netherlands. Through mean of agri-environmental
measures such as implementation of flower mardirgliversity can be re-introduced and
better maintained. Different mixtures of flower sjgs were seeded in the field margins, it
resulted in flower strips. The flower strips ané thixtures have been developed to enhance
biological control based on functional biodiversity this thesis it has been investigated
which pollinator guilds were present, how they tvigiese strips and which mixture they
would prefer. | observed visitation by pollinatm&flowers in plots of 1m x 1m in several
strips sown with different flower mixtures. Thisudy highlighted the complexity of
preference in flowers by pollinator according t@ thbundance of flower, the presence of
other flower and the time of the day or the weatligher overall numbers of visits per
flower were observed for bumblebees and hovertlies for honeybees. Pollinator visited
mainly a subset of flowers which was the same fath mixtures. The subset of flowers
species visited waPapaver, Helianthus, Centaurea, Malva ChrysanthembBagopyrum,
Ammi, BrassicaThe flower species the most visited wetelianthus, Papaver, Malvand
Centaurea These flowers are promising to be important faedources for pollinators
especially for bumblebee and hoverflies. Concermogeybee further researches are needed
to find suitable flower species and managementdhatattract them.
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Introduction

After the Second World War, agriculture enterecaiphase of intensification. On the one
hand, it led to the use of important quantitiegmérgy and input of chemicals (e.g. fertilizers,
herbicides and pesticides), on the other handlitdean increase in field size.

Insecticides and pesticides aim to eliminate pestiseases by directly killing the insects or
pathogens by toxic compounds or by disrupting thigrcycle. In addition, the majority of
insecticides have a broad-spectrum activity, so kil beneficial insects. The same holds for
fungicides and non target fungi. Geiger et al. @0&ported consistent negative effects of
insecticides and fungicides on biodiversity; thepexially looked to wild plant, carabid and
bird species. Brittain al. (2010) highlighted thechine of pollinators due to pesticides in Italy.
Nevertheless, the decrease of several species tisonly due to pesticides. Even
intensification itself already leads to a reductadrpollinator diversity (LeFeon et al. 2010).
More than fifty years ago, in some regions of Eeroagricultural plans to move towards
national self-sufficiency supported the speciala@abf farms. As a consequence, the number
of small-scale, poly-cultural farming systems desesl, leading to important changes in the
landscape. Habitat fragmentation resulted frominhensification of agriculture and it led to
an important decrease of the number of speciegebhdin intensively managed landscapes,
species mainly decline because of a lack of foadl gvelter. In the UK, decreases in bird
species numbers have been observed and explainaddnk of insects due to agricultural
intensification (Benton et al. 2002). In the lagntury in the Netherlands decreases in
butterfly species numbers and flower richness Hmen observed (van Swaay 1990; Wallis
de Vries et al., 2010)The general trend is that since the last cenpolinators are declining

in Western Europe as well as in other parts oinbed (Kluser and Peduzzi 2007) .

However not only declines of species are obserkiatlalso shift in pollinator populations.
Biesmeijer et al. (2006) highlighted shifts in kel hoverfly populations in the UK and the
Netherlands. Bee diversity declines were repontedath countries whereas there was a less
clear shift in hoverfly diversity. Indeed, changefoverfly richness observed in the UK were
not significant and in the Netherlands it was obsdrthat hoverfly richness even increased.
Pollinators provide important agro-ecological seeg. They are really important for plant
reproduction and thus for food supply (Kluser ardizzi 2007). Many crops (35% of crops)
rely only on animal pollination (Klein et al. 20Q,7for other crops insect pollination permits
increases in yield (Aizen et al. 2009). Thus dexdiand shifts of pollinator populations due to
intensification of agriculture may lead to lossedaod production and plant diversity. This
situation is summarized in the following schemeg(ifé 1). Moreover, it is assumed that
sufficient pollination of most wild and crop planten be done by only few species and
especially by domesticated honeybeApig melliferg. Relying on only a few species for
pollination leads to a vulnerable food productiondaeven if plants have multiple
opportunities of reproduction, in the long termc&n not compensate for chronic loss of
pollination services. For instance a drastic decliof this species can have severe
consequences in losses of yield of many crops #sw economically an example of this
situation is the Colony Collapse Disorder in theitelh States (Kluser and Peduzzi 2007,
Stokstad 2007). In terms of nature conservatiomekiobees are considered as reliable
pollinators because of their efficiency but theg aot the best pollinator for all flowering
plant species. Bumble bees and carpenter beessared the best, sometimes they are biting
holes in flowers and also have other kinds of itletate visits which are not good
contributions to sexual reproduction (seed set)th®se flowers (Proctor and Yeo 1973).
Thus, diversity within pollinators is necessary floe flowers and any loss of biodiversity is a
matter of public concern. It has intrinsic, aesthend cultural values (Hector, Joshi et al.
2001). From a human centered point of view not é&méire biodiversity is beneficial.
Biodiversity needs to play some key role in theutagion of ecosystem functioning that is



linked to human society’s quality, to justify thenaunt of time and money allocated to it
(Moonen and Barberi 2008). Studies in recent ybayislighted the
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Figure 1. Summary of the actual situation regardingdecline and shift of pollinator
population.

concept of functional biodiversity. This functiondiodiversity concerns a part of the
biodiversity from the natural area and from agtxdl ecosystems that provides services to
society such as pollination but also biological tcoly thanks to natural enemies that regulate
pests and diseases (Klein et al. 2007).

Enhancement of functional biodiversity is a maim af agri-environmental schemes. It is
principally done by habitat management plans.dygla role for plant and arthropod species
biodiversity, including higher tropical levels (Mdwall and Moonen 2002). Landscape
management can be a way to reduce pesticide uséogmebtect biodiversity, for instance
management of field margins permits to implememiseovation of biological control (Dennis
and Fry 1992)Creation and maintenance of grass margins can aaesitive effect on flora
and fauna of arable farmland (Marshall et al. 2005)r instance, bees were more abundant
in fields where there were grass margins presexittoghe agricultural field strips.

Functional agrobiodiversity field margins sown withixtures of flowers are under
investigation. The seed mixtures are designediédd fmargins to enhance the densities of
natural control agents of pest insects (especagdhids).

In the region of ‘Hoeksche Waard’ in the Netherlgnfilinctional agro-biodiversity (further
away mentioned as FAB) strategies to promote nlatorarol of agricultural pests have been
implemented by farmers. But these strategies remuader investigation by scientists
(Alebeek et al. 2006; Rijn et al. 200&trips next to the crop field have been sown with
specific flower species that can enhance target#dral enemies of herbivores for the
adjacent crops. The aim is that flowers providedfdo the natural enemiediabitat
management such as implementation of these flostaps is also an important tool to deal
with a decline and shifts of pollinator populatioi&teffan-Dewenter and Tscharntke (1999)
conclude that abundant and diverse bee communigetied habitat connectivity to be
maintained (Klein et al. 2007).They recommendedi¢aape management practices that



increase nesting opportunities and source of famgiThere might be a chance that
pollinators can also benefit from the flowers d# girips sown.

Indeed, Carvell et al. (2007), studied agri-envinemt scheme effects on bumblebees in
England. They found that mixtures containing neaad pollen-producing plants were
providing more forage for bumblebees than grassmargins.

In this master thesis, intense sampling of the reévlwer strips in the region of Hoeksche
Waard has been done. | investigated how visitataftowers by different pollinator guilds
(hoverfly, bumblebee, solitary bee and honey besevinfluenced by the flower mixture set
up for natural enemies and for pollinators. | alsoked at the flower preferences of
pollinators.



Research questions and hypotheses

In the following study | will try to assess:

(1) What is the visitation rate of the pollinatarilgs?

(2) Which flower mixtures are the most suitabl@twact pollinators?

(3) Which flower species receive the highest vigitarate of the different pollinator guilds?
(4) How do pollinators benefit from the flower mansgf?

Based on previous studies in the area (Rijn e2@08), | hypothesized that there will be a
higher visitation rate of hoverflies, than honeyhethan bumblebees and finally of solitary
bees. | expect that the flowers of the mixture madsupport natural enemies, bees and birds
will have a higher visitation rate than the mixtureade for to enhance natural enemies
(especially aphidophagous hoverflies).



Material and methods

Research area

The study area is in The Netherlands, in the Hdekd&&/aard. It is a region situated in the
province South Holland, close to Dordrecht and lsséoitRotterdam (Figure 2).

There are some polders (from north-south and tiseweast) with a clay layer of peat. For
instance, in the Old Land of Strijven there are pluders with a thin clay layer. The
Hoeksche Waard is surrounded by rive@ude Maas, Dordtse Kil, with Haringvliet,
Hollands Diep and the Spui. Thus the typical featinom the Hoekschewaard region is the
presence of several creeks than can be cultivatsd and as a consequence which provide
opportunities for nature. There are many dikes smihe rivers with tidal (Kenniscentrum
Nationaal Landschap, www.natlan.nl).

Due to its location and its openness, Hoeksche dvaas a region that attracted many
different kinds of proposed projects such as thestaction of an airport or a nuclear power
plant but none of these have been done and nowdkess are 700 ha of nature. The local
citizens, companies and the government were quitlved to set plans towards
enhancement of biodiversity. It resulted in severalironmental projects. This region is an
important agriculture area. Indeed there are apprately 20 000 ha of cultivated land
(Kenniscentrum Nationaal Landschap, www.natlanhilje main crops are grains and grass
(6500 ha) followed by grassland (3750 ha), themafpets (3500 ha) and sugar beet (2500 ha).
Toward a protection of nature, agriculture areadedeto be involved in the maintenance of
biodiversity thus, some projects have been creaf&B | Functional agro-biodiversteit
project done between 2004 and 2008 to stimulatdivmesity in the region. Then, there was
and still undergoing the project Agrorand and FAR2008-2011) which follows the same
objectives.
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Figure 2. Map of the region Hoeksche Waard.



Flowers strips

Different types of flower seed mixtures were sownstrips in mid-April in the region of
Hoeksche Waard on farms situated in the municipalit Mookhoek- Strijen (Figure 3).
There were two different types of mixture:

- FAB (Functional agro-biodiversieit) this mixtureas made of annual flowers species
support natural enemies (especially aphidophagowusrfiies) (Table 1)

- and AGRO (agro-biodiversiteit) in which annualviler species supporting natural enemies,
bees and birds were mixed (Table2). The strips webetween 200 and 500 m long and 3 m
wide on the side of a crop (potatoes or winter wheest of the time next to a ditch. There

were in total seven strips used in the experimdats, of the FAB mixture and three of the
AGRO mixture (Table 3).
In my report, the genus name is used to referadltwer species.

Table 1. Flower species of mixture FAB, the familyname, latin Name, English name,
dutch name, flowering time, percentage of seed dfi¢ mixture.

English Percentags
Family name | Latin Name name Dutch Name | Flowering time (%)
early| middle | late
Fagopyrum
Polygonaceae |esculentum Buckwheat | Boekweit X 20
Gele
Chrysanthemum ganzenbloem
Asteraceae segetum Marigold | (wilde) X 10
Asteraceae Centaurea cyanus| Cornflower | Korenbloem X 12
Greater Akkerscherm,
Apiaceae Ammi majus Ammi groot X 12
Foeniculum
Apiaceae vulgare Fennel Venkel (wilde X 12
Roomse
Asteraceae Anthemis nobilis | Chamomillg kamille X |12
Zonnebloem
Asteraceae Helianthus annuug Sunflower | (klein) X X |6
CaryophyllaceagGypsophila elegangsypsophile| Gipskruid X 8
Papaveraceae |Papaver rhoeas |Poppy Klaproos X 8




Table 2. Flower species of mixture FAB, the familyname, latin Name, English name,
dutch name, flowering time, percentage of seed dii¢ mixture.

Percentags
Family name | Latin Name English name Dutch Name| Floering time (%)
early,

Fagopyrum

Polygonaceae |esculentum Buckwheat Boekweit X 26
Chrysanthemum Gele

Asteraceae segetum Marigold ganzenbloem 5

Asteraceae Centaurea cyanupgCornflower Korenbloem 5

Greater Akkerscherm,

Apiaceae Ammi majus Ammi groot 8
Anthemis Golden

Asteraceae tinctoria chamomile Gele kamille 3
Helianthus Zonnebloem

Asteraceae annuus Sunflower (klein) 3
Gypsophila

Caryophyllaceagelegans Gypsophile Gipskruid X 11

Papaveraceae |Papaver rhoeas |Poppy Klaproos 3
Coreopsis

Asteraceae tinctoria Plains coreopsis| Meisjesoger 3
Cosmos

Asteraceae bipinnatus Cosmos Cosmea 3

Brassicaceae [Cheiranthus Wallflowers Muurbloem X 3

Queen Anne's

Polemoniaceae| Gilia capitata Thimble Hoofjesgilia 3
Carthamus

Asteraceae tinctorius safflower Saffloer 8

Poaceae Triticum aestivunm wheat Zomertarwe | X 11
Panicum broom-corn

Poaceae miliaceum millet Gierst 5
Agrostemma

Caryophyllaceaggithago Corncockle Bolderik X 3
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Table 3. Overview of the strips and their charactastics.

Schenkeldijk Wiemsdorp

Strijenaas

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
winter
8 AGRO | Sasseweg wheat
21 s Wieldrecht || &
s-Gravendes|
Kiflmnalweg
Clllaarshoek [ paes
= Crordise Eﬁ
3 Kil Il Ry
£
Dnrr]f;._e K
MMookhosek
Cie Wachi
Strijen

Luld-Maarte

Figure 3. Locations of the seven strips whetbe data have been collected.
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Pollinator visitation

The number of flower visits of pollinators and thguilds were recorded every week between
mid-June and the end of July (six weeks in totaljuadrants of 1m by 1m during 10 min
(Figure 4). Each strip of the same flower mixtuas lbeen randomly observed within a day in
order to avoid an effect of the time of the day.attier conditions were as much as possible
similar (sunny and not too windy). Six plots wefleserved per strip. Each plot was randomly
chosen for each observation in order to erase fantedf the side (crop, ditch or road) and of
the heterogeneity of the sowing. Visits of pollmat differ according to the time of the day
and the temperature thus further observations dene (see chapter Day Cycle).

]

200m []
500m Crop i 1m
500m im

H

L]

3m

Field Flower strip Plot

Figure 4. Scheme of a field, the flower strip and detail of the sample plot.
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Pollinator guild

Pollinators as a general term include differentifi@s of insects (and even birds and bats), in
my study | did not consider pollinators to the spedevel but up to different taxons and
functional group. | adopted the term of “pollinatprild” as mentioned by Steffan-Dewenter
et al. (2002). Bees (Hymenoptera:Apoidea) can be separated imée thollinator guilds:
bumble bee (social wild bumblebee), honey bee (geshahoney bee) and solitary bee
(solitary wild bee). In my study | added two othedlinator guilds: hoverfly and butterfly
(including moths). The number of visits of floweand the flower species visited was
recorded for each of the pollinator guilds mentehné a pollinator was on abtmmi,
Coriandrum or Helianthusflower, only the visit of the umbel or of the flewhead was
recorded and not the visit of each floret.

Flower density

The number of fully blooming flowers was counted each plot (Im x 1m) for each
observation (Figure 5). In some cases (for instaRagopyrum, Brassica.) the number of
flower heads or spikes was counted and then migligdy the estimated average number of
flowers per head. This number was estimated by rolvge several heads of flowers. For
umbels, number of umbels of the first level werarded and then multiplied by an estimation
of the number of umbels of the second level. Umbélte second level were considered as

one flower.

SN T Y

Figure 5. Picture of a pIot of flowers of 1m x 1m.
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Pollinator abundance

Some transect walks have been done on six daysnaect lasted ten minutes and the length
was approximately the same between 70 and 100 twéba the first and the last plot) and
1,5m width. Every pollinator observed, flying ottisig on a flower was recorded.

Day cycle

The day cycle of visitation activity of pollinatordf each taxonomical group was assessed.
The number of flower visitations was recorded al ¢bng on three plots that were randomly
chosen within one strip at the beginning of the. dalyservations were done every hour on the
exactly the same plots between 8:00 and 16:00 @018ne day per week (in total 5 days) on
different strips from week to week. The aim wasditermine the pollinators’ visitation
activity during the day and to see if there werensdifferences in flower species visited
throughout the day.

Transect walks have been done on 70 m length andvidth, for 10 min every hour on day3.
Information on the weather conditions (amount af,stlouds, and wind speed) have been
also collected from the local weather station.

Statistics

The model used was GLMM, generalized linear mixemtleh The number of visits and the
number of flowers were Poisson distributed. Anaysin the number of flowers have been
done and significance of the main effects and tiberactions were given by a Wald statistic
that includes a chidistribution (alpha level was 0.01).The main as@ywas done on the
visitation rate. The number of visits per obseat(1 plot of 1 m x 1 m observed for 10
min)/ Number of Flowers), was not normally distriid but log-normally. Moreover because
of the block structure with more than one straturmiged model has been chosen. The
significance of the main effects and the interaxtiavere given by a Wald statistic that
includes calculation of the degrees of freedom #nad permits to use the F distribution (p
level was 0.01). It is similar to an ANOVA test bat non normal distributed data. After each
analysis, comparison among factors was done usihg-&st (Student test) and the using a
Tukey correction which is similar to a Bonferrororeection. Most of the time standard
deviation and Standard error are not presentedyirstody because it is not relevant with a
lognormal distributed set of data. We made somemme comparison so the SE/D would be
different for every single pair and only valid onettransformed scale and we are using
backtransformed means of value.

Correlation between the number of flowers and thenlmer of visits were done with the
nonparametric test of Spearman.

All the analyses were done with Genstat’ #hd Biometry Library procedure for Genstat

12",
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Results

Many measurements have been done and due to thrcabsf some pollinator species and
flower species in many cases, not all combinatiwase present. As a consequence several
data were considered as missing value by the mtaehnalysis had to be done on subsets of
the data. The flower species were selected foatiadysis when the model could calculate the
adjusted mean value of the visitation rate, thewese removed from the analysis (see Annex
[). On observations of day 2 and 3, there were @issing values so they have been removed
from the analysis. The effect of day, time andpstrfwithin 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 vistigdgoollinators than mixture
Agro but the difference was not significant (Annkxtable A). Mixture did not interact
significantly with the pollinator guilds (Annex Itable B). Thus, mixture Fab did not elicit
more flower visitations by pollinators than mixtukgro.

Correlation to number of flowers: The average number of flowers per strip in mixtbad
and Agro was significantly different (F-test, p<@1) and was 2730 flowers/m? and 1320
flowers/m2 respectively. The number of flowers ahd number of visits were positively
correlated, correlation obtained by the Spearmaark was significant (p<0.001), r was
0.207 (Annex llIl, Figure A). It means that the tendy is the more flowers, the more
pollinator visits. But it also depends on the flosvepecies for some flowers for instance the
correlation is stronger (Annex Ill, Table A).

Per flower speciesDifferences of visitation rate between flower spsavere significant (F-
test, p<0.001). Pollinators visit significantly neonftenHelianthus, PapaverthanCentaurea
and followed byChrysanthemunthan the other flowers (Figure 6).

Preferences of polinators in flowers species
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Figure 6. Visitation rate per flower species (Numbeof visits per flower, per plot of 1m x
1m, per 10min N=420, on sunny days during the montaf July 2010.
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Per pollinator guild

Visitation rate of each pollinator guild differsgsificantly between flower species (F-test,
p<0.001). Flowers, all species together, wereedsthe most by bumblebees then hoverflies,
followed by honeybees, and finally butterflies aaditary 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

Solitary

Butterfly bee

0.34 0.24 0.15

0.14 0.10

Preferences in flower species
From the analysis, it resulted that the flowe

species interacts significantly (F-tes
p<0.001) with the pollinator guilds. Eack
pollinator guild has different preferences i
flowers species. The overall trend ¢
preferences in flowers species (Figure 6)
similar to the one of bumblebee and hoverf
(Figure 7a and 7b). Bumblebees Vvis
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Butterfly's preferences Solitary bee's preferences
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Figure 7. (continued from page 16)Preferences in flower species of each pollinator dd. Visitation rate pe
flower species, N=420, 10 min of observation ongis of 1m x 1m on sunny days. Ae letters stand for t
significant differences between flowers species Wwih one pollinator guild (Tukey correction P< 0.05) Grar
obtained from output presented in Annex IV.

Malva was also a flower that had an important visitatiate but due to its late flowering and
its presence in only two strips out of seven, thedeh could not estimate adjusted mean
values, sdMalva has been excluded from the analysis. Neverthetessparate analysis has
been done on the two strips in whidlalvawas presentstrips 6 and 7). The results show that
bumblebees and honeybees prefeiviadva as much a®apaver(almost the same visitation

rate) but not always significantly more than thieeotflowers species (Table 3)

Table 3. Back transformed table of means and pairngie comparison from a separated
analysis on strip 6 and 7, that includeMalva. Visitation rate per flower species, N=120.
10 min of observation on plots of 1m x 1m on sunngays. The letters stand for the
significant difference between flowers species wiitth 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 effecthe (F-test, P= 0.179) on the visitation
rate per pollinator guild; as a consequence it was possible to assess the changes in
visitation rate per pollinator guild during the ebgation period.
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Changes in numbers of flowers during the observatio n period

Concerning the comparison of the number of flowsss species between days, no statistics
have been done to check the significant differeruesstill some results can be commented
on table 4 (the flower specidsalva is not present because it was excluded). | obdetvat
Fagopyrumwas present only during the first two weeks of tiservation period (end of
June),Ammi, started flowering during the third week of the alvagion period, ithad its
highest number of flowers during the fourth and fifiéh week of the observation period.
Centaureastarted flowering during the third week and hadenar less the same number of
flowers until the end of the observation periéthpave started flowering during the third
week and had its peak of number of flowers duriregkv7, 8 and 9Chrysanthemunalso
started flowering during the third week but its p@® number of flower was more at the end
of the observation periodHelianthusstarted only in the week 6 and the highest nunalber
flowers was in the last week of the observations.

Table 4. Number of flowers per plot of 1m x 1m, perflowers species and per day.
Average of 6 plots and 4 strips for day 1, 4, 5, B, 11 and 3 strips for days 6, 8, 10 and
12 (day 1: 22-05-2010, day 4: 30-06-2010, day 5-06-2010, day 6: 08-07-2010, day 7:
13-07-2010, day 8: 19-07-2010, day 9: 20-07-201@ydLO: 23-07-2010). The symbol *
means that the flowers were not flowering or presdnn too low quantity to be taken into
account.

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 * 1 538 | 578 | 1191 10.5] 1163 | 593 | 889 | 471
Chrysanthemum | * 3| 4528 | 11.2 | 29.66 179 ] 4185)|16.69| 609 | 20.6
Helianthus * * * * 1* 2.09 | * 9.75 5
Brassica 143.8 | 376.31 | 223.62 111 738 | * * * * *
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Pollinator abundance

No calculations or statistical analysis have beemedon the data collected. Nevertheless, as
indication, the results suggested that in many daseerflies were more abundant than
bumblebee followed by honey bee and solitary begu(E 8a and 8b).
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Figure 8. Abundance of pollinator guilds. Number of pollinator of each guild per
transect of 10 min, N=12, SQ= 12 and N= 9 SO=7. Day 5: 06-07-2010, day 6: 08-07-
2010, day 7: 13-07-2010, day 8: 19-07-2010, day Z-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 timktbe day on the visitation rate was observed.
However to obtain tables of mean, because of tooynsanificant effects (F test p<0.01), |
had to make separate analyses for day 3, 4 and gaoh pollinator guild. In addition, | did
not have enough data for day 1 and 2, so thesadhbd removed. The same was the case
with the data for honeybee and solitary bee. Fonlidabee, | observed that the visitation rate
was the highest in the early morning and after @6whereas it was always the lowest at
13:00 (Annex V Figures a and c) (). On day 3, défee in visitation rates between 13:00 and
14: 00, was significant (F-test p<0.001), on daysignificant (F-test p<0.001) differences
were between 8:00 compared to 12:00 and 13:00 andag 5 significant differences were
between 8:00 compared to 16:00 but it might be Wuthe weather, it was windy on that
morning. Similar patterns could not be found fae tioverflies (Annex V Figures d and f), a
general day cycle activity profile could not be raad

Pollinator abundance during the day

Transect walks of every hours showed that hoverfied bumblebees were abundant in the
morning (Figure 9) and then decrease in the midtitee day. In the end of the afternoon, the
number of hoverflies increased a lot, and bit famblebees.
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Figure 9. Abundance of pollinator. Number of pollnator 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 visitatiome aer flower species per hour for
bumblebee and hoverfly (Figure 10). In the mornifog,every day and all strips analyzed,
between 8:00 and 10:00, the visitation rate by Habee is the highest dPapavercompared
to the other flower species. After that on day d atmip 3 (Fab-mixture), the highest visitation
rate remained oRapaveruntil 15:00, after that flowers visited were oi@gntaurea On day

4 and strip 1 (Fab-mixture), after 10:00, the wisdn rate was the highest @entaurea On
day 5 and strip 6 (Agro-mixture), after 10:00, thgitation was the highest dvialva, and it
was much higher than the visitation rate on otlewdr species in general. Visitation rate on
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Malva was on average 1.39 whereas €@entaurea,it was 0.48. In the morning at 8:00
hoverflies were visiting mainlifapaver later during the dagentaureaandChrysanthemum
Pair wise comparison and Tukey correction are gimefnnex V.
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Hoverfly day 3
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Figure 10. (continued from page 21) Day cycle of Boblebee and Hoverfly. Visitation
rate per flower species and per time of the day. ¥itation rate (mean of 3 plots) per
flower species per time of the day, during 10min obbservation on plots of 1m x 1m.
P<0.05 Student-test. Observations of day ¥{07-2010yvere on strip 3 which had a
Fab-mixture and the temperature of the day was beteen 16-22°C, observation of day
4 (14-07-2010)was done on strip 1, Fab-mixture, T=25-30°C, obseation of day 5
(22-08-2010was done on strip 7,Agro-mixture, T= 16-20°C.
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Discussion

Mixture

Differences in visitation rate between flowers mngs were not significant at the time of my
observations because even though the compositiseed mixtures were different the flower
species blooming at the moment were almost sinmillae. average number of flowers per strip
between mixtures was not the same, there was act &ff the strips on the number of flowers
(Chi*-test p<0.001). Explanations for these results iy to be the weed pressure, the
germination rate and the flower composition. Stifigen the Agro-mixture had on average
fewer flowers than strips from the Fab-mixture.sT'ts mainly due to the flower composition.
In agro-mixture there were more flower species timRab-mixture (table 1 and 2). During
the observation period the same flowers specieg Wkroming but the plants of the other
flower species (late blooming flowers) were alreatbveloped. Thus, these plants were
competing with the flower species blooming at tivate, resulting in fewer flowers per strip.
In addition, one strip from the agro-mixture hatba and late germination of the seeds, and
therefore less flowers during the observations @nvil).

Number of flowers and number of visits

A correlation between the number of visits andibhenber of flowers was found, but it was
not really strong (r=0.207), it is however relativgood for a field observation. Looking at
each flower species separately, pollinator visgsially increase with an increase of the
number of flowers (Rathcke 1983; Goulson 1994; §igel995).In terms of visitation rate,
the trends can be different. The relation betweember of flowers, in other terms flower
density, and the visitation rate is not straightfard (Feldman 2006). It would be expected
that more flowers induce higher visitation rate evhactually is not obviously the case. In my
study differences in visitation rate between migtuwere not significant whereas number of
flowers was lower in one mixture than the othere Tact that the mixture with high density
of flowers is not significantly more visited thametother, might be explained by the fact that
bees visit more often the same flower head wherildhesr density is lower. Feldman (2006)
reported that more plants were visited by individua high-density patches but there was a
decrease in flower visits per plant. He concludeat there was no evidence that denser
patches of flowers were disproportionally moreteidiby pollinators than less dense patches.
In addition, Bernhardt et al. (2008) reported arpamant effect of density of flowers on
abundance and behavior of pollinators. But in ¢haethe number of flowers of one species
is really low, pollinators will visit these flowersnly if the amount of reward is above a
threshold (certain amount of pollen of nectar abdi per unit time) (Goulson 1994). It
explains why so few visit where observed on flogsgecies present in low quantity compared
to the other flowers. Indeed flowers such@ssmos bipinnatugr Coreopsis tintoriaare
attractive for pollinators, both are from the Asimae family and have quite open flower and
some pollen, but the reward was probably not abitreethreshold to be visited. Thus,
pollinator visited mainly a subset of flowers wiiwas the same for both mixture. The subset
of flowers species visited waBapaver, Helianthus, Centaurea, Malva Chrysanthemum
Fagopyrum, Ammi, Brassicalhe only difference was the presencéviaiiva in two strips of
the Agro-mixture, and this flower was actually sotvn this year but re-grew from previous
mixtures in addition this species bloomed onlyhe last weeks of the observation period.
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The fact that pollinators visited only few flowepexies is, for the honey bees, mainly the
result of their “flower constancy”. This term illuates the fact that insects foraging for nectar
or pollen have particular preferences for one floggecies and even specialize on it for a
while (part of the day for instance) (Waddingtor83p

Flower species preferred and by who?

Preferences in flower species are explained byienal foraging theory (OFT) suggested
by MacArthur et al. (1966) and elaborated on ineaghstudies (Se8choener 1987 for a
review, Haccou and Vandersteen 1992). This theoedipts that if a flower species offers
important rewards per unit of time, it will be mansited (Dreisig 1995)Pollinators learn to
associate a high reward to a specific flower sge@idenzel and Erber 1978). Most of the
pollinators remember flower species with great meMay learning process and then they base
their preferences on this memory (Baude et al. p@@&ferences in flower species depend on
the pollinator's specialization (Heinrich 1976),eith body size (Peat et al. 2005), the
morphology of the flower: shape, smell, depth (§tahal. 2007), color (Giurfa et al. 1995;
Pohl et al. 2008), age of the flower (Giurfa anchisiz 1992), the flowering period (Stang et
al. 2006) but also on the density of other pollimat(Fontaine et al. 2008). In the case of
hoverflies, preferences for flower species for fiong can not only be explained by the OFT.
It is more likely to be explained by the theorycoimpetition or by eco-morphological reasons
(proboscis length) (Gilbert 1985; Haslett 1989h addition, there is a huge range of
hoverflies which show different foraging behavitijs does not permit to draw general
patterns for this pollinator guild.

Flower species most visited by pollinators in terofssisitation rate werdapaver, Malva,
HelianthusandCentaurea. As mentioned above, this result is explainedhgygdreferences of
pollinators for these flower species but also bg tlumber of visits per pollinator guild.
Bumblebees were the most important pollinator guikiting flowers.Papaveris one of the
significantly preferred flower species of bumblebeElower visitation by honeybees was
quite low. | first hypothesized that it could beedio little presence of honeybees in the area.
There was only one beekeeper in the region andddednly few hives quite far away.
Honeybees are capable to forage far from the meme than 3 km, but they will do so only if
the amount of flowers and the amount of rewardstéreand pollen) is attractive. Some
foragers are going out to explore and then comnatmitheir findings by “the bee dance”
(Seeley 1985). Depending on the rewards (amoufibwkrs, quantity and quality of nectar
and pollen) individual honeybees then decide t@g collect pollen over there. The results
that not many bees were present in the stripseddydiight be due to a too low attractiveness
of the flowers (species and quantity). To suppad hypothesis, it can be argued that in one
of the extra strips studied, many more bees wesergbd (no precise quantitative analysis
was done on these extra observations). The flopgeiss present in high quantity of flowers
in that strip, at that moment wB®rago officinalis This flower species is known to be really
attractive for honeybees. This strip was locatedhensame place as some strips used in the
analysis, so the presence of honeybees was ndtean @& the surrounding. Finally, the main
reason why a low number of visits by honeybee veponted, was that honeybees were not
attracted enough.

Based on field observations and the additionalseats, hoverflies seemed to be present in
higher numbers of individuals. But in terms of tasion rate, flowers were more visited by
bumblebees than by hoverflies. Explanations to tesult are principally the weather and
differences in foraging behavior. It is assumedt thaverflies are not active with high
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temperature (Maier and Waldbauer 1979). | indeesented that above 25°C, there were
barely any hoverflies which is not the case withmbilebees or honeybees. But the most
obvious reason is that hoverflies do not visit flme/to collect pollen but only to feed on the
pollen and the nectar and to take a rest on theefloThe time spent on one flower by a
hoverfly is longer than that what a bumblebee boaeybee would do, so it results in a lower
visitation rate.

Looking at the results fokMalva and Helianthus,it is important to keep in mind that both
were late flowering species, thus the results waseed on few observations. In addition, as it
was described in the section Material and Methad&wer head oHelianthuswas counted
as one flower, the morphology of this flower (itnmich bigger than the other flowers) permit
the visitation of several pollinators at the saim@et This point raises a question concerning
the method, and the relevance of comparing morpjcadly different flowers.Another
approach could have been done by using anotherotimteasurement. Instead of doing an
analysis on visitation rate (visits per flower agall of flower), it could have been done on
visits per plant, but as well plants differs inesiand morphology. Therefore it also has an
effect difficult to deal with. Then visitation oloiwver species which have only one flower like
Helianthuscould have been compared with flower speciestihae an important number of
flowers like Ammi.

In term of visitation rate per pollinator guiltielianthusresults to be one of the flowers
preferred by bumblebee, hoverfly and honeybee btialways significantly more than other
flower species. Looking at overall pollinatoRapaveris the most preferred flower. It is an
open flower and it permits the pollinator to landedtly on the centre of the flower so it is
easily accessible and has good rewards (Procto¥aad 973).

At the pollinator guild level,after Helianthus and Papaver Centaureais significantly
preferred by bumblebees (Figure 6). It resultsraffam the shape and the color of the flower
species. It is assumed that Bumblebees favor lbuwesfs (Lunau and Maier 1995; Ings et al.
2009). It is due to an evolution of flower visitty use color signal to detect flowers and
locate the site of rewards. Other pollinators alse the color of flowers to remember the
rewarding flower species but it is less clear compao bumblebees. It has been observed
that hoverflies are likely to have an innate prefee for yellow colors (Lunau and Maier
1995).Thus, the high visitation rate Ghrysanthemurby hoverfly compared to the visitation
rate ofChrysanthemurby other pollinator guilds may partly be explair®dits yellow color.
Studies done by (Haslett 1989) on patterns of mesoutilization by hoverflies reported that
the division of flower resources is (partially) @mpent on the color of the flowers for
hoverflies species that are selective in theirgrollliet. Lunau and Maier (1995) explained
that honeybees can also discriminate differentrsobmit it is less used for foraging because
honeybees have an important communication systenteconing food sources (dance
language). Nevertheless, honeybees that are lod&imipod source will use several cues to
find flowers like mainly the color, the shape ahdr the smell (Seeley 1985). Due to its late
flowering and its presence in only two strips, ssonMalva had to be analyzed separately.
Nevertheless it is likely thd¥lalva is also one of the preferred flower species of lblielees
and honeybeedMalva is a dish-shaped blossom with a large landingaserfbenefitting
pollinators. Besides that, this flower speciessfia addition to pollen lots of nectar which is
the main calorific reward for the pollinators (Bent2006).
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Benefit for the pollinators

My study permitted to determine which flower spedi®m the field margins are preferred by
which pollinator guild. From the data obtained stdifficult to determine how pollinators
benefit from these flowers and the margins in galn€oncerning solitary bees, it has been
found that the main decline of solitary bees is ttuod shortage, only the presence and the
diversity of flowers have an interest for the soljtbee (Muller et al. 2006). Benefit can be
related to the amount and the quality of food piedi by the flower margins to the
pollinators. To have a clear picture of the sitatimore measurements are needed and
information on other habitat requirements than faailability should be investigated
(Steffan-Dewenter et al. 2002). Nevertheless basethe OFT, it is assumed that the most
visited flowers have the greater rewards per umét Pollinators are foraging for pollen and
nectar as nutritional good for their own and fog tiest. Pollen is the main source of protein
during the life cycle of all bee species. Protgilasy an important role in the juvenile stages of
bees (Haydak 1968; Haydak 1970 see review on heegyBollen from different flowers
have different nutritive values and the crude protentent varies (Roulston and Cane 2000).
In my study bumblebees visitddelianthus, Papaverand Centaureamore than otheplant
species. Tasei and Aupinel (2008) tested the rartdt value of 15 pollen species and pollen
mixes on larvae produced by bumblebee workers. Thpygrted that the best performance
ranking was attributed t@€astanea, Papaveand Rubuswhereas the lowest results were
assigned toHelianthus and Cistus. Thus Papaver has a better nutritional value than
Helianthus it might be more beneficial in terms of nutritibor the bumblebee. However,
beside its nutritional value it should be takemiatcount thaPapaverflowers produce only
pollen whereasielianthusflowers produce pollen and nectar (Koster 200@)addition, to
determine if this benefit is relevant for the emfoopulation of bumblebees, during the whole
season, the quantity of pollen available per floaed per plant, the availability during the
day and during the season, would need to be knbvaoked at the difference in visitation
rate per pollinator guild between days but theratBon between pollinator guild and day
was not significant. The observation period miglavdn been too short to reveal these
differences. But | know from literature that thetigity and the number of individuals of
pollinator guild and even pollinator species, vailiethe season (Proctor and Yeo 1973).

Day Cycle

| found a significant effect of the time of the day the visitations rate (p<0.05) of all
pollinators combined. However this effect was noarfd back for each pollinator guild.
Bumblebees have a clear day cycle, in my study kigiation rates were observed in the
morning between 8:00 and 10:00. Benton (2006) ex@ththat bumblebee8 (terrestrisand

B. lucorun) had a peak activity early in the morning (5-7aanyl later in the afternoon (5-
7pm) with really low activity in the middle of thaay. So, my results compared to the ones of
(Benton 2006) have the same trends but slightlfediht, which can be explained by the
environment. In Hoeksche Waard it remained wethi field until 8:30, which is also a
reason why it was not worthwhile to do observatieadier in the morning. In addition, on
some of the observations of the day cycle it wasdwifrom 16:00onwards | was not able to
make a day cycle activity for honeybee but | expedhat it would have been similar to the
result of (Free 1955) (Free 1955) (Annex VIII). elihactivity starts later in the morning than
that of bumblebees and has a peak between 10:000.IThe activity of pollinators changes
also according to the temperature and the timaefify (Corbet et al. 1993). Concerning the
activity of hoverflies, they do not have a precsele their activity depends mainly on the
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temperature, as mentioned previously they aredes®t active on high temperature (Maier
and Waldbauer 1979).

As mentioned before, it is also interesting to take account the flowering period and peak
of number of flowers of each flower species in oreknow if pollinators will take the most
benefit from those flowers. Nevertheless evenaiviérs are present the pollinator will not
always visit them because flower rewards vary atiogrto the time of the day, weather
conditions and seasonal change (Corbet 1978; Zimiarerl988; Herrera 1990). Bees will
have a “flower constancy” which mean they tend pectalize in foraging on one type of
blossoms at one moment, but flower constancy anidhplication for OFT are really complex
(Benton 2006). Indeed, patterns are not straightiod because bees also occasionally sample
other species when they are experiencing declmeswards of their current specialism but
also to check if equally rewarding and accessitbbsdom types are not being overlooked.
Then they can decide to switch to another plantispel would expect that pollinators are
foraging when the nectar and the pollen are thet mnaslable but Herrera (1990) and Benton
(2006) did not find such matching in timing of fgnag and the availability of nectar and
pollen from Lavandula latifolia Their studies were on this specific flower spscand
pollinator but it maybe likely to be the same fdoner flower species. The complexity of the
“flower constancy” can be illustrated by the reswf the day cycles for bumblebee. In the
morning the highest visitation rate was Bapaveruntil 10:00 and the rest of the day on
Centaureawhereas in the strip wheMalva was present the highest visitation rate was on
Malva. Thus, according to the OFPapaveris the most rewarding flower species in the
morning (indeed it was the moment when it is fidlgpoming) and then during the d&alva
andCentaureaare the most rewarding flowers. Further investaaiare needed to determine
the benefit pollinators can get from the flowerpstr

Flower visitation data as valuation of flower strip s for pollinators?

Flowers that are not visited will not be importdat pollinators. This is obvious, but to
valuate flowers (and flower seed mixtures) thatiadeed visited by pollinators shows to be
more complicated. How to compare very differenwios regarding shape, presentation,
color, arrangement and rewards? From the plargg/\the number of flowers visited is very
important, although not every visit is equally \aie: a visitor that arrives from another
plant of the same species, and carrying ample mpalleuld be the most valuable for cross
pollination, but many might come from another flovoa the same plant (only useful for self
pollination or to carry pollens away to anothernpjaor even from another plant species.
From the pollinators view point the reward (whiblow much, how easy to handle), but again
also the arrangement and structure of the flowdrs, color etc. are important cues.
Bumblebees would prefer those flowers that giveagpi@mal reward per unit time. Hoverflies
on the other hand only need flowers which furnigmt with small amounts of nectar to allow
the next few flights. Easy availability of the nac{non deep, shallow flowers, many and well
distributed) might be more important.

But how to compare flowers?

Visitation rate was high omielianthuscompared tocAmmi But the Helianthushead (see
picture in Annex VII) may carry 900 tubular flowersf which on one day 50 — 100 are in
fully blooming). On arAmmisecond level umbel some 30 florets are presenhath some
10 are in full bloom simultaneously. Recalculatthg flower visitation rates on a real flower
basis would certainly lead to a different compamatraluation of the species. But again then
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one Ammi floret would be very different from ondelianthusfloret regarding reward and
availability of it.

One approach would have been to calculate the raegtable ‘flowering units’ per Mixture
type, estimate by observation the number of visés flowering unit, and then calculate the
number of visits for this ‘standard mixture reprasdive’ plot. Different seed mixtures would
be comparable and can be rated.

However, this approach would be indirect (by sevestimation) and complicated (by
determining the flowers units), to reach the saesilt as that obtained by just counting the
number of visits per plot, (with replications) andmpare these between strips. To evaluate
the effects of strips on the abundance/presenpelbhators transect walks might have been a
better approach. That has actually been done as iexormation (Figure 8 and 9) but it was
not easy to do. If there were many bumblebees,othserver would see less hoverflies
because of their size. In addition, there wouldehbgen no information about which of the
flower species did cause the attraction to a sjepdllinator. To evaluate the effect of the
presence of (different) strips upon the abundamgmitinators it would have been interesting
to see whether in the direct environment of stiffgsabundance of pollinators, for instance on
wild flower patches in road sides and ditches, Wdwdve been influenced. It was intended to
make observations in wild flower patches, but isvi@und that almost all of these have been
mown at the start of the observation period andrsg¢ime few weeks later.
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Conclusion

Many flower species in different strips were viditéntensively by several guilds of
pollinators: | conclude that the strips are impottarage areas for pollinators.

My study could not determine which flower mixtureasvthe most suitable to attract
pollinators.

This study has highlighted the complexity in prefezes in flowers species of bumblebee,
hoverflies and honeybee. It can be concluded tiafflowers preferred in term of visitation
rate areHelianthus, Papaver, MalvandCentaurea.

Based on the results obtained, except maybe foisfegies of hoverflies it is less interesting
to have an important number of species, better hesgeflower species but the “good one” it
IS as to say the one that pollinators prefer. Ttiese flowers could provide some food
source. As food shortage is one reason of thenaodir decline, flower strips have an
important role in regions where agriculture is kealtensive.

Recommendations

Further investigations are needed to determineb#eefit that pollinators can get from the
flower strips. Analysis of pollen content and ntibnal value could be done to compare the
value of the flower species to the pollinatorswituld be also relevant to look and compare
with the flower species naturally present in theldi margins. For instance in ditches
Symphitum, Vicia cracaand trifolium pratensiscan be found between two mowings.
Sampling or counting of individuals per pollinatguild would be interesting to determine
their abundance. In terms of biodiversity conseovatthen it could be assessed which
pollinator guilds or species are declining in tlegion, in order to set up some flower
mixtures that would benefit them specially.

Further investigations are necessary to have aefl@pecies attracting honeybee, but also
some project and support to develop more beekeejutigity in the region. Several farmers
are already taking part in the project. It is preimg that more of them will join in the coming
years. If these flowers margins become as muclossilife common in the agricultural area,
it will be beneficial for biodiversity.

In order to obtain a successful agri-environmermian, the suitability of the area for
pollinator nest sites should be assessed. Pr@etite regional level could be implemented to
obtain some “nectar highway”.

In addition, flower strips have a role to give aitige image of farming to the society and it

permits farmers to be supported towards changethaim practices in order to be more
environmentally friendly.
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Annex |

Table : Flowers species selected for the analysis.

Flowers species
present in the observations

Flowers species
selected for the analysis

Fagopyrum esculentum

Fagopyrum esculentum

Ammi majus

Ammi majus

Centaurea Cyanus

Centaurea Cyanus

Papaver rhoeas

Papaver rhoeas

Chrysanthemum segetum

Chrysanthemum segetum

Helianthus annuus

Helianthus annuus

Malva sylvestris

Malva sylvestris

Calendula officinalis

Brassica campestris

Gypsophila elegans

Agrostemma githago

Anthemis tinctoria

Medicago stativa

Gilia achilleifolia

Phacelia tanacetifolia

Borago officinalis

Euphorbia serrata

Achillea millefolium

Brassica campestris

Carthamus tinctorius

Cosmos bipinnatus
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Annex Il

Table A. Visitation rate (mean of visits per flowes of plots, strips per mixture, days).

Mixture FAB AGRO
Visitation
rate 5.926 7.029

Table B. Output from the analysis of the model GLMMdone on visitation rate.

Fixed term Wald statistic n.d.f. F statistic d.d.f. Fpr

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 4 191 777.4 0.106
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Annex lll

Figure A. Correlation between the number of visitsand the number of flowers (overall

data from the observation period) given by Genstat2th.

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

Visists versus Nb_floners
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Table A. Correlations between number of visits anchumber of flowers per flower
species (Spearman’s correlation, p<0.001).

r Spr 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 pollinatorguild (N=420). Out put from GLMM
Genstat 12",

*** 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 ab.
Brassica 0.0482 ab.
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

Pollinator guild:: butterfly

levels, means and groups for factor
Flowers
Ammi 0.0072 a..
Fagopyrum 0.0130 ab.
Brassica 0.0162 abc

Chrysanthemum 0.1483 a Chrysanthemum 0.0779 .bc

Centaurea 0.1488 a Centaurea 0.1594 .bc
Papaver 0.2665 a Helianthus 0.2258 .bc
Helianthus 0.3827 a 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 ab
Chrysanthemum 0.1010 .b
Centaurea 0.1033 .b
Papaver 0.1994 .b

Helianthus 0.2930 .b




Annex V

Day cycle, Visitation rate per time of the day foBumblebee and Hoverfly (N15=66 or Nyg=54) for day 3:7-07-2010, day 4: 14-07-2010and
day 5: 22-08-2010 Out put from GLMM Genstat 15

Bumblebee day 4
Mean
_time 8 9 10 11
12 13 14 15 16 17 Pairwise comparisons of means; p= 0.05 (TUKEY)
18
_Flowers Flowers specie: Ammi Flowers specie: Centaurea
Ammi * 0.0100 * *
* * * * * * levels, means and groups for
* factor _time
Centaurea  0.4250 0.3274  0.7692 0.4406 *rrkk Nothing to compare ! 13.00 0.0998 a
0.3119 0.1053 0.6589 0.3246 0.4 722 0.4737 kekck 12.00 0.2270 a
0.7466 9.00 0.2379 a
Papaver 1.4621 1.7222  0.8586 0.6326 11.00 0.2434 a
0.8671 0.3327 1.1407 1.2222 * * 8.00 0.2597 a
0.1111 15.00 0.3065 a
Chrysanthemum * 01270 0.1111 * 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
*** hacktransformed table of means *** Flowers specie: Papaver Flowers specie: Chrysanthemum
_time 8 9 10 11
12 13 14 15 16 17 levels, means and groups for levels, means and groups for
18 factor _time factor _time
_Flowers 18.00 0.1073 a 10.00 0.1121 a
Ammi * 0.0100 * * 13.00 0.2877 a 9.00 0.1260 a
* * * * * * 11.00 0.3363 a
* 12.00 0.5754 a
Centaurea  0.2597 0.2379 0.7241 0.2434 14.00 0.7878 a
0.2270  0.0998 0.6162 0.3065 0.3 125  0.4540 10.00 0.8550 a
0.5875 15.00 1.1807 a
Papaver 1.2575 1.4422  0.8550 0.3363 8.00 1.2575 a
0.5754 0.2877 0.7878  1.1807 * * 9.00 1.4422 a
0.1073
Chrysanthemum * 0.1260 0.1121 *
* * * * * *

*
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Bumblebee day 5
Mean
_time 8 9 10

12 13 14 15 16
_Flowers

Fagopyrum  0.0303 * *

* * * * *

Centaurea  0.3333 0.6667  0.4444

11667 0.3333 0.6667 0.4444 1.0
Papaver  2.4342 15072 1.2272

0.2884 0.4583 0.4167 0.6667

Chrysanthemum 0.0303 * *

* * * *

*

*** packtransformed table of means ***
_time 8 9 10

12 13 14 15 16
_Flowers

Fagopyrum  0.0340 * *

* * * * *
Centaurea 0.3736 0.6764 0.4405

1.0695 .3736 0.5858 0.4200 0.75
Papaver 2.2961 14893  1.2000

0.2513 0.4260 0.4142 0.6476

Chrysanthemum 0.0278 * *

* * *

*

11

1.0000
000
0.6852
*

0.7083

11

0.9184
0.6667
*

0.7940

Pairwise comparisons of means; p= 0.05 (TUKEY)

Flowers specie: Fagopyrum

*rkkk Nothing to compare !

*kkkk

Flowers specie: Centaurea

levels, means and groups for
factor _time

8.00 0.3736 a

13.00 0.3736
15.00 0.4200
10.00 0.4405
14.00 0.5858
9.00 0.6764
16.00 0.7563
11.00 0.9184
12.00 1.0695

s oo

Flowers specie: Papaver

levels, means and groups for
factor _time

12.00 0.2513 a..
14.00 0.4142 ab.
13.00 0.4260 ab.
15.00 0.6476 abc
11.00 0.6667 abc
10.00 1.2000 .bc

9.00 1.4893 .bc

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
12 13 14 15 16
_Flowers
Ammi * * *
* 0.0519 * * *

Centaurea  0.0630 0.3792  0.2552
0.3264 0.3547 0.2465 0.2186 0.3
Papaver 1.3744 1.1896  0.7850
0.3728 0.4593 0.6000 0.6071
Chrysanthemum * 0.1667 *
* * * * *

Malva  0.1875 0.5497 0.5120
19231 0.8061 12139 17692 1.8

*** packtransformed table of means ***

_time 8 9 10
12 13 14 15 16
_Flowers
Ammi * * *
* 0.0534 * * *

Centaurea  0.0411 0.2805 0.1462
0.3151 0.3484 0.2131 0.2116 0.3
Papaver 1.3864 1.1218 0.6855
0.3182 0.2731 0.5939 0.6036
Chrysanthemum * 0.1650 *
* * * * *

Malva  0.1933 0.5330 0.5121
1.8851 0.7507 1.1515 1.6015 1.7

11

0.3329
922
0.8221

1.2308
005

11

0.2666
519
0.6228

1.2065
905

Pairwise comparisons of means; p= 0.05 (TUKEY)

Flowers specie: Ammi

*rrkk Nothing to compare !

*kkkk

Flowers specie: Centaurea
levels, means and groups for
factor _time

8.00 0.0411 a.
10.00 0.1462 ab
15.00 0.2116 ab
14.00 0.2131 ab
11.00 0.2666 ab
9.00 0.2805 ab
12.00 0.3151 ab
13.00 0.3484 ab
16.00 0.3519 .b

Flowers specie: Papaver
levels, means and groups for

factor _time

13.00
12.00
14.00
15.00
11.00
10.00
9.00

0.2731
0.3182
0.5939
0