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The role of insect visitors
of Glechoma hederacea (Lamiaceae)
and Anthriscus sylvestris (Umbelliferae)
as pollinators
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Voorwoord

Aan het eind van 2000 was mijn specialisatie fase in biologie (subfase 2) bijna afgerond.
Ik moest als onderdeel voor subfase 3 een onderzoeksonderwerp plannen. Dit eerste
onderzoeksonderwerp moest 22 weken duren en intern zijn. Ik wilde graag een plantenecologisch
onderzoek doen. Mijn studieleider was Jelte van Andel, professor plantenoecologie aan de
Rijksuniversiteit Groningen. Ik vertelde hem, wat ik graag zou willen: geen laboratoriumwerk, veel
veldwerk en een beetje experimenteel werk in de kas. Verder wilde ik vrij zijn in de
onderzoeksvragen. |k wilde mijn eigen onderzoek doen, met een begin en eind. Jelte steide voor
diezelfde middag naar praatjes te luisteren. Frank Hoffmann, een AIO die met Manja Kwak aan
bestuivingsoecologie onderzoek deed, hield een verhaal over bestuiving door insecten in
wegbermen.

Mijn interesse was gewekt, en ik begon in maart met mijn onderzoek. Tot eind april
bloeide er nauwelijks iets. |k heb veel gelezen en een onderzoeksvoorstel geschreven.
Hondsdraf, een lipbloemige, was één van de bloeiende plantensoorten in april. |k wilde de
resultaten gaan vergelijken met resultaten van een andere lipbloemige, Witte Dovenetel. Verder
hadden we het idee om Zevenbiad en Fluitenkruid (schermbloemigen) te onderzoeken. Deze
soorten zouden een totaal verschillende insectenbezoekersgroep hebben dan de lipbloemigen.
Uiteindelijk heb ik Hondsdraf uitvoerig en Fluitenkruid minder uitvoerig onderzocht. Daarbij
gebruikte ik bermen die Manja en Frank ook gebruikten. Ik heb een paar extra proeven gedaan
met Witte Dovenetel en Zevenblad. Toen het veldwerk klaar was, moest ik nog stuifmeelkorrels in
een enorme stapel preparaten tellen.

Op 1 oktober heb ik een deel van mijn resultaten gepresenteerd. Dit was de officiéle
einddatum van mijn onderzoek. Het verslag bleek nog lang niet af te zijn. Andere projecten
drongen zich aan. Nu, begin februari 2002, is het verslag klaar. Achteraf is het een waardevol
bezit. Toch ben ik blij, dat ik straks weer met een schone lei kan beginnen aan de rest van mijn
studie. Als alles gaat volgens planning, studeer ik in december af, iets meer dan vijf jaar na het
begin van mijn studie.

Maaike, Haren, 7 februari 2002

Front page: Glechoma hederacea (left) and Anthriscus sylvestris (right) with some of their visitors.
The picture is not on scale. The visitors around G. hederacea are from left to right. Apis mellifera
(honey bee), Melanostoma sp./Platycheirus sp. (small hoverfly), Rhingia campestris (larger
hoverfly) and Bombus pascuorum (a bumblebee). The insects around Anthriscus sylvestris are:
Eristalis tenax/pertinax (hoverfly), Musca sp. (housefly), Helophilus sp. (hoverfly) and Scatophaga
stercoraria (dung fly). Not all visitors of the plant species are shown. The arrows indicate the
possibility of different effectiveness of insect species for pollination and are fictive.

The edge is filled with on the left mostly G. hederacea pollen grains, and on the right with mostly
A. sylvestris pollen grains. Also other pollen occur in the edge.

In this report, scientific names have been used wherever possible for plant and insect species.
Some insects could not well be identified, in that case the family or order name is given.




Contents
Chapter Page
Voorwoord 1
Contents 2
Key-words 3
Abstract 3
Samenvatting 4
1. Introduction 5
2. Materials and methods 7
2.1 Background information i7
2.2 Visitors 7
2.3 Effectiveness of visitors 9
3. Results 11
3.1 Glechoma hederacea
Background information 11
Visitors 18
Effectiveness of visitors 22
3.2 Anthriscus sylvestris
Background information 34
Visitors 36
Effectiveness of visitors 39
4. Conclusion and discussion
Specialisation levels 47
Glechoma hederacea 48
Anthriscus sylvestris 54
General 56
5. Acknowledgements 58
6. References 58

Appendix A. Research calendar

Appendix B. Verge visitor composition 2000

Appendix C. Nectar production by Glechoma hederacea plant types
Appendix D. Pollen grains on Glechoma hederacea virgin pistils
Appendix E. Glechoma hederacea breeding system experimental
Appendix F. Breeding system Glechoma hederacea field

Appendix G. Anthriscus sylvestris breeding system experimental
Appendix H. Nectar Glechoma hederacea

Appendix |. Nectar Lamium album

Appendix J. Plot observations (10 min) on Glechoma hederacea
Appendix K. Plot observations (10 min) on Anthriscus sylvestris
Appendix L. Transect observations Glechoma hederacea

Appendix M. Transect observations Anthriscus sylvestris

Appendix N. Following observations on Glechoma hederacea
Appendix O. Following observations on Anthriscus sylvestris
Appendix P. Pollen load slides Glechoma hederacea

Appendix Q. Pollen load slides Anthriscus sylvestris

Appendix R. Slides of pollen deposition on virgin Glechoma hederacea pistils
Appendix S. Fluorescent dye powder Glechoma hederacea

Appendix T. Fluorescent dye powder Anthriscus sylvestris

Appendix U. Discrimination experiment with fluorescent dye powder on Aegopodium podagraria
Appendix V. Weather conditions during observation days (estimations)
Appendix W. List of figures and tables

Appendix X. Glechoma hederacea

Appendix Y. Anthriscus sylvestris

Appendix Z. Thesis description




Key-words

Glechoma hederacea, Anthriscus sylvestris, visitor guild, insect pollination, pollinator
effectiveness, fluorescent dye powder, pollen load, pollen deposition

Abstract

Glechoma hederacea (Lamiaceae) and Anthriscus sylvestris (Umbelliferae) are common species in
the Netherlands. Both species can be pollinated by insects. G. hederacea has zygomorphic flowers. Nectar
is easily accessible. The visiting group of insect species is called the visitor guild. Each insect species has
his own pollination effectiveness. This effectiveness depends on (behavioural) characteristics: pollen load,
pollen deposition, foraging speed, and flight distance. The composition of the visitor guild and the frequency
of the visits of the various insect species combined with the effectiveness leads to the relative importance of
visitors.

Research was done in road verges in the surroundings of Assen in the Netherlands. There were
three areas with differing agricultural activity. The visitor guilds were investigated by plot observations and
transect observations. Glechoma hederacea was split into plant types with female or hermaphroditic flowers.
Both G. hederacea and A. sylvestris turned out to be self-compatible by a breeding system experiment.
Glechoma hederacea produced nectar faster during the day than during the night. Lamium album, another
common species, produces four times as much nectar, and is thus more attractive for pollinators.

The most common visitor on G. hederacea (both plant types) was Apis mellifera. Rhingia
campestris was most abundant species on hermaphroditic flowers during transect walks. The number of
visits per plant did not differ in three areas with increasing agricultural activity. Extra hand pollination in one
verge showed that at least two visits are necessary for maximum seed set in that area. Effectiveness was
mostly investigated by following individual flower visiting insects. For each trait, different insect species had
the most favourable value. A fluorescent dye powder (= pollen analogue) éxperiment showed, that pollen
grains can be transported over 64 meters in two days.

For A. sylvestris, the same methods were used. The main visitors (walking transect observations)
were Eristalis tenax/pertinax and Empis tessellata. Plot observations said that E. tessellata was the main
visitor. For each trait, other insect species had the most favourable values. Fluorescent dye powder showed
that pollen grains could be transferred over 100 meters in a day. Overall, insects seemed not to have
preferences for fluorescent coloured umbels. On another common umbellifer, Aegopodium podagrana, the
main visitor was Helophilus sp.. Anthriscus sylvestris and hermaphroditic G. hederacea had halfspecialised,
and female G. hederacea had mostly specialised visitors.

Results show that each insect species has its own contribution to cross-pollination: either it
deposits a lot of conspecific pollen or flies large distances between two consecutive visits, etc. When relative
effectiveness is used and combined with relative abundance of the visitors, Syrphidae rest and Bombus
pascuorum were the most important pollinators for female G. hederacea. Rhingia campestris was the most
important pollinator for hermaphroditic G. hederacea. Eristalis tenax/pertinax was the most important
pollinator for A. sylvestris.




Samenvatting

Glechoma hederacea (Hondsdraf, Lamiaceae) en Anthriscus sylvestrs (Fluitenkruid, Umbelliferae)
zijn algemene soorten in Nederland. Ze kunnen door insecten worden bestoven. G. hederacea heeft
zygomorfe bloemen. Nectar wordt gepresenteerd in een kroonbuis van ongeveer vijf millimeter diepte.
Anthriscus sylvestris heeft actinomorfe bloemen en nectar zit ondiep. De bezoekende groep insectensoorten
wordt het bezoekersgilde genoemd. Elke insectensoort heeft haar eigen bestuivingeffectiviteit. Deze
effectiviteit hangt af van (gedrag-)kenmerken van insecten: de stuifmeel lading, stuifmeel depositie,
foerageersnelheid en viiegafstanden. De samenstelling van het bezoekersgilde en de frequentie van de
bezoeken van de verschillende insectensoorten gecombineerd met effectiviteit leidt tot de relatieve
belangrijkheid van bezoekers.

Onderzoek werd in bermen rond Assen gedaan. Er waren drie gebieden met verschillende mate
van landbouwactiviteit. De bezoekersgilden werden onderzocht door plot waarnemingen en transect
waarnemingen. Glechoma hederacea werd opgesplitst in planten met vrouwelljke of met hermafrodiete
bloemen. Zowel G. hederacea als A. sylvestris bleken bij een voortplantingssysteem experiment
zelfcompatibel te zijn. Glechoma hederacea produceerde overdag sneller nectar dan ‘s nachts. Lamium
album, een andere algemene soor, produceerde vier keer zoveel nectar, en is daardoor aantrekkelijker voor
bestuivers.

De meest algemene bezoeker van G. hederacea was de honing bij Apis mellifera. Rhingia
campestris was de meest voorkomende soort op hermafrodiete bloemen (transect waarnemingen). Het
aantal bezoeken per plant verschilde niet in drie gebieden met toenemende landbouwactiviteit. Extra
handbestuiving in een gebied liet zien dat ten minste twee bezoeken nodig zijn voor de maximale
zaadzetting in dat gebied. Effectiviteit werd het meest onderzocht door het volgen van insecten. Bij elk
kenmerk had een ander insect de meest gunstige waarde. Een fluorescerend poeder (= stuifmeel analoog)
experiment liet zien dat stuifmeel in twee dagen 64 meter vervoerd kan worden.

Voor A. sylvestris werden dezelfde methoden gebruikt. De hoofdbezoekers (transect
waarnemingen) waren Eristalis tenax/pertinax en Empis tessellata. Volgens plot observaties was E.
tessellata de hoofdbezoeker. Bij elk kenmerk had een ander insect de meest gunstige waarde.
Fluorescerend poeder liet zien dat stuifmeel meer dan 100 meter kon worden vervoerd in een dag. Insecten
leken over het algemeen geen speciale voorkeur te hebben voor fluorescerend gekleurde schermen. Op
een andere algemene schermbloemige, Aegopodium podagrana, was de hoofdbezoeker Helophilus sp..
Anthriscus sylvestris en hermafrodiete G. hederacea hebben meestal halfgespecialiseerde en vrouwelijke G.
hederacea heeft meestal gespecialiseerde bezoekers.

De resultaten laten zien dat elke insectensoort haar eigen bijdrage levert aan kruisbestuiving: ze
zet veel conspecifiek stuifmeel af, viiegt grote afstanden tussen twee opeenvolgende bezoeken, enz.. Als de
relatieve effectiviteit wordt gebruikt en gecombineerd met relatieve voorkomen van de bezoekers, waren
Syrphidae rest en Bombus pascuorum de meest belangrijke bestuivers van vrouwelijke G. hederacea.
Rhingia campestris was de belangrijkste bestuiver voor hermafrodiete G. hederacea. Eristalis tenax/pertinax
was de belangrijkste bestuiver van A. sylvestris.




1. Introduction

In Northwest Europe, insects pollinate 80% of the flora. This part of the flora is said to be
entomophilous (Kwak, 1994a). In restoration ecology, it is important to predict possible
reestablishment of plants in presence of the available pollinators. Some important pollinating
insect species could fall out in the case of an environmental change (Kwak, 1994a). Therefore,
more information is needed on the relative importance of insect species for existent plant
populations.

Mostly, a number of insect species act as the functional group of pollinators, called the
pollinator guild. In some plant communities, keystone species for pollinators may be assigned
(Memmott, 1999). A plant species can be visited by a number of insect species. Memmott (1999)
has proposed a prototype foodweb. This foodweb is based on insect visitation. The total visiting
insect pool is divided over the available flowering plant species. If the pollination effectiveness of
the different insect species is introduced as a factor into this visitation web, a real pollination web
can be made. Insects classified as keystone species in the food web may play a second fiddie as
pollinators.

Olsen (1997) defines pollinator effectiveness as the number of seeds that are ‘produced’
after a single visit. This depends on the number of conspecific pollen grains that individuals
transfer (Herrera, 1987). Effectiveness depends on uptake, deposition, flight distance, foraging
speed and flower constancy. Pollinator importance is defined as pollinator effectiveness x relative
abundance of visits. Effectiveness of insect guilds of different plant species and in different areas
can be calculated and compared. This makes possible predictions about seed set.

A small population may have to cope with a heterogeneous pollen deposition, because
the bulk of the surrounding flowers are of another species, competing for pollinators (Kwak et al.,
1998; Heinrich, 1979). Flower constancy of individual insects plays a role in the rate of
heterospecific pollen deposition.

The main question in this project is, whether visitation and pollination by insects differ in
two morphologically and taxonomically different plant species: ground ivy (Hondsdraf), Glechoma
hederacea (Lamiaceae) and cow parsley (Fluitenkruid), Anthriscus sylvestris (Umbelliferae). The
main question is divided into three sub-questions:

a.) Which insect species and how many of them are visitors?
b.) How effective are these insect visitors separately and as a group as pollinators?
c.) What are the consequences of insect visitor pools and their effectiveness for pollination?

in The Netherlands, the two chosen plant species are often seen at straight elements in the
landscape, like road verges. Road verges are mown several times per year. This mowing regime
can influence the number of flowers at a time and the microhabitat for pollinating insects.

G. hederacea flowers from April until June (Van der Meijden, 1996). It is a gynodioecious
species (Weeda et al., 1988): plants have either hermaphroditic or female flowers (Proctor et al.,
1996). Both hermaphroditic and female plants can reproduce clonally. The hermaphroditic plants
are self-compatible (Widén & Widén, 1990). The oldest flowers at the base are in the female
phase (Proctor et al., 1996). Female plants have no anthers and have smaller flowers than the
hermaphroditic plants (Van der Meijden, 1996; Widén & Widén, 1990). The morphology of
Lamiaceae makes them suitable for eutropous (specialised) visitors as bees, bumblebees and
butterflies (Ellis & Ellis-Adam, 1994). In the following, Apoidea is used to denote bees and
bumblebees. Lepidoptera will be used to denote butterflies. Visitors (and pollinators) on G.
hederacea are amongst others bumblebee queens and workers, honey bees, Lepidoptera and
Syrphidae (Widén & Widén, 1990; Kwak & Tieleman, 1994c; Proctor et al., 1996).

Bombus spp. (Hymenoptera, Aculeata: Apoidea) live in nests (Proctor et al., 1996). The
bumblebee workers start in May (Kwak & Tieleman, 1994c). Queen bumblebees eat pollen and
nectar (Kwak & Tieleman, 1994c). Workers need pollen to feed the larvae (Heinrich, 1979; Kwak
& Tieleman, 1994c). The rest of their lives, they need nectar only. Queens emerge in spring,
followed by workers. Bumblebees fly during light and avoid rain.

A. sylvestris has its flowering season from May to June (Van de Meijden, 1996). It is often found
together with G. hederacea (Weeda et al., 1987). Umbelliferae are mostly protandric and self-
pollination is common (Ricciardelli d’ Albore, 1986; Weeda et al., 1987). The morphology of
Umbelliferae makes them suitable for allotropous (unspecialised) visitors (Ellis & Ellis-Adam,




1994). Visitors (and pollinators) of Umbelliferae are Brachycera, Syrphidae, Apoidea, wasps,
Formicoidea, Coleoptera, and Hemiptera species, which are mostly allotropous insects (Koul et
al., 1993; Grace & Nelson, 1981; Ellis & Ellis-Adam, 1994). Syrphidae and Coleoptera are
hemitropous (half specialised) insects (Ellis & Ellis-Adam, 1994). Scatophagidae can be expected
as visitor of A. sylvestris (pers. Hoffmann). Scatophagidae are predators, especially in wet

biotopes (Van Veen, 1993).




2. Materials and methods

Appendix A gives a research calendar. In this calendar, exact dates and areas of the
investigations are given.

2.1 Background information
Seed set

Crossing experiments were done in order to obtain information about the overall
effectiveness of poliination by the available insect guild. From the hand cross-pollination,
maximum seed set per fruit can be calculated (Herrera, 1987). Plants were netted and kept in an
experimental garden to let them develop seeds under similar conditions. From those data can be
conciluded if insects are necessary for pollination.

To investigate the breeding system, five hermaphroditic and five female G. hederacea
clones were in triple either not (or hand self) or hand cross-pollinated at 9 a.m., 9 a.m. + 3 p.m. or
3 p.m. in the greenhouse. We used potted plants that had been kept in the experimental garden.

Hand-poliination in the field is a kind of control on resource availability (Widén & Widén,
1990) when compared to natural insect pollination. Seed set of G. hederacea flowers that had
been open (insect) pollinated in the field were compared to seed set of flowers that had been
extra hand cross-pollinated in the field. Hand poliination was performed by putting an anther
against a stigma (Corbet, 1999). Twenty days later, after full ripening of the seeds, seeds were
collected.

Seven potted A. sylvestris plants were hand pollinated by rubbing a male umbellule
against a female umbeliule. Whole umbeliules were either not or hand self or hand cross-
pollinated at 9 a.m., 9 a.m. + 3 p.m. or 3 p.m. in the greenhouse. Every plant had seven treated
umbeliules. The plants were kept in the experimental garden. More than two weeks later, after fuli
ripening of the seeds, seeds were collected.

Nectar production, attractiveness and pollen presentation

Nectar contents of flowers of eight netted G. hederacea plants (four hermaphroditic and
four female) were measured at 10 a.m., noon, 2 p.m. and/or 4 p.m. with a microcapillary of 1
microliter. Production by G. hederacea was compared with Lamium album, a species that may be
competing or facilitating. Nectar contents of flowers of eight netted L. album plants were
measured at 10 a.m., noon, 2 p.m. and/or 4 p.m. with a microcapillary of 2 microliter. Nectar
production at different times of the day was caiculated. With a field refractometer, the sugar
concentration in the nectar was measured. These data show at what time of the day the nectar
standing crop is favourable for visitors.

2.2 Visitors
Verge composition

Plant composition in the verges was recorded by counting the number of flowers (dates
and verges: see appendix A). The data can give insight in patterns of flower diversity and the
possibility for flower choice for insects.

Plots

Three areas with a difference in plant and insect species richness were chosen as
research areas (Appendix B). The research was carried out in three areas near Assen in the
province of Drenthe in the northern part of the Netherlands (52°56' N - 53°45' N, 6°27' E - 6°471°
e) (figure 1). Stroomdal Drentse Aa is a brook valley. Most of the area is in agricultural use (Prins
et al., 1998). Bovensmilde is the most intensive agricultural area, whereas Drentse Aa is the least
intensive agricultural area. Drentse Aa is located next to the nature reserve ‘Drentse Aa'. The
third area, with intermediate agricultural use, was Ekehaar.

In plots, numbers of visits of all insect species were recorded during ten minutes. Plot
observations were made at different times of the day. Recordings contain: insect species,
residence time, number of visited inflorescences or umbels, and number of visited flowers or




umbeliules. Also the number of available inflorescences or umbels and total available number of
flowers or umbellules in the plot were recorded. From those recordings, number of visits per
insect species, visited inflorescences or umbels and duration of visits were calculated. With these
data, information about insect guild composition (during the day), foraging speed, and insect
behaviour concerning effectiveness (see results) were obtained.

So km
B. Drenthe

E water
...1 Fow’na'a, &unda

— road

y Mrailway

village or €own 2 verge number

Figure 1. Research area.

A. The Netherlands.

B. Drenthe, a province in the north-east of The Netherlands.

C. The research area in the surroundings of Assen with its position of verges. Verges 25,
25%, 26, 26%, 27, 27'%, 34, and 35 belong to Drentse Aa. Verges 17, 17%, 18, 182, and
19% belong to Ekehaar, which is an area with slightly more intensive agriculture. The
most intensive agricultural area is Bovensmilde with verges 2, 5, 9, 12 and 40. Road
verge numbers refer to the ones used by F. Hoffmann.




Transects

By transect observations, the overall composition of the visitor (and pollinator) guild can
be estimated (Dramstad, 1996). Visiting insect species were spotted while slowly walking the
transects. The duration of the walks, the number of insects per species and the available number
of inflorescences or umbels were recorded. The length of the transect was equal to the size of the
population.

2.3 Effectiveness of visitors
Following insects

The choices of the bumblebee species as a whole are defined by the choices of
individual bumblebees, especially bumblebee workers can have temporal flower constancy (Kwak
& Tieleman, 1994c). A comparable situation could be the case in A, sylvestris. With help of a
stopwatch, total visiting time was recorded. The flight distances between two inflorescences or
umbels were estimated. The foraging speed was calculated. The number of visited flowers per
inflorescence or number of visited umbellules per umbel (a measure for efficiency), and total
number of flowers or umbellules were recorded of visitors on both plant species. Their average
forage speed, foraging efficiency and flight distance were calculated.

Pollen loads

Insect visitors can take up pollen from the anthers during a visit. The total number of
pollen grains of different plant species an insect bears, is called the pollen load. Visitors were
slightly anaesthetised by applying CO, with a Corkmaster pen. The pollen loads were removed
with a sticky staining gel (Beattie 1972). The colouring agent of the gel was basic fuchsin. The gel
was melted in order to make preservable slides. Slides were analysed microscopically (10 x 40).
Pollen grains were identified morphologically (shape and size) and counted. Percentages of
target pollen, number of pollen species and total load were derived. From these data, size of
pollen loads of insect species and their flower constancy were obtained.

Visiting the flowers of Lamiaceae, pollen is deposited on the dorsal side of bees (Weeda
et al., 1988). Pollen were seen between the eyes and on mouthparts. For that reason, pollen was
only removed from the back and the heads of visitors of G. hederacea. It present, corbicular loads
were not collected, because those polien could not longer pollinate flowers. Pollen was removed
from the ventral side of visitors of A. sylvestris.

Pollen deposition

Flowers of netted (unvisited virgin) G. hederacea plants were emasculated. Visitors were
allowed to visit in a sequence three virgin pistils at most. The stigmas were melted into sticky
staining gel. Numbers of pollen per plant species in the preparations were counted as described
in ‘pollen loads’. Total deposition and percentage of target polien were calculated. From the data
information about flower constancy was obtained.

Fluorescent dye powder

The distance of pollen transfer by the pollinator guild was estimated by applying
fluorescent dye powder (Radiant Colour NV) on a source group of plants and by collecting plant
parts at different distances from the source (Kwak, 1994b). The stigmas were melted into a
colourless gel (Beattie, 1972). The fluorescent dye particles in the preparations, grouped as red,
yellow and green, were counted under a microscope with UV-light (10 x 40) in a dark room. From
these data, the overall pollen transfer distance was obtained.

For G. hederacea, fluorescent colours CLEAR (R09; batch number M3252) and CERISE
(RC186; batch number 3514) were put onto 10 hermaphroditic flowers. The next day, ten flowers
were collected at distances 0, 1, 2, 4, 8, 16, 32 and 64 meters west of the source and 10 and 16
meters east of the source. Fluorescent colour CLEAR consisted of yellow and green particles as
seen under the UV microscope. Fluorescent colour CERISE consisted of red particles as seen
under the UV microscope.

For A. sylvestris, fluorescent colours CLEAR, CHARTREUSE (RC10; batch number
3595, ref. 6348), ORANGE (RC13; batch number 3262, ref. 6348), and CERISE were put on
eight x two umbellules on the same umbel, each colour on a different umbel. At the end of the
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day, ten umbellules per distance were collected at distances 1, 2, 3 and 4 meters north and at 4,
5, 10, 20, 40, 75 and 100 meters south of the source. Twenty umbellules were collected near the
source. Fluorescent colour CLEAR consisted of green and yellow particles as seen under the UV
microscope. Fluorescent colour CHARTREUSE consisted of green particles as seen under the
UV microscope. Fluorescent colour ORANGE consisted of yellow particles as seen under the UV
microscope. Fluorescent colour CERISE consisted of red particles as seen under the UV
microscope.

To control preferences of A. sylvestris visitors for fluorescent dye colours, visitation on
umbels of another umbellifer flowering abundant at that moment, Aegopodium podagraria, was
observed. The colours CERISE, ORANGE and CHARTREUSE were put on one side of the
umbels of seven umbels. The other sides were used as controls, and there were seven blank
umbels. The data give information about the visitor guild of A. podagraria (population Assen) and
of the preferences of the visitors for the differently coloured umbels.

Statistics
SPSS was used to analyse the data statistically, mainly by ANOVA and Tukey tests.
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3. Results

The results of G. hederacea and of A. sylvestris can be found in chapter 3.1 and 3.2
respectively.

3.1 Glechoma hederacea- Background information

In this chapter, the breeding system of G. hederacea will be presented, together with
extra hand pollination in the field measurements. Raw data can be found in Appendix E (G.
hederacea breeding system experimental), Appendix F (breeding system G. hederacea field),
Appendix H (nectar G. hederacea) and Appendix | (nectar L. album).

Verge composition

Differences in visiting species, number of visits and visitor rate can be due to the
environmental conditions. The abundance of flowers of different plant species in a verge can be
important for the attractiveness of a verge. Also can different verge compositions provide different
habitats and food sources for visiting insects.

In Bovensmilde, 9 flowering plant species were observed, whereas in Ekehaar and
Drentse Aa respectively 5 and 6 flowering plant species were observed. The average number of
flowering plant species in Bovensmilde was 3.57; The average number of flowering plant species
per verge in Ekehaar was 2.33. The average number of flowering plant species per verge in
Drentse Aa was 2. The average number of flowers in Bovensmilde {(per verge) is 733; The
average number of flowers in Ekehaar was 2015; the average number of flowers in Drentse Aa is
102. Ekehaar had the most flowers per verge, whereas Drentse Aa had the least flowers per
verge. The average number of G. hederacea flowers per verge was 452 in Bovensmilde, in
Ekehaar 1507 and in Drentse Aa 68.

There were large differences in number of flowering plant species and number of flowers
in the different areas. Drentse Aa would be expected to be visited most, because in 2000, it had
the largest number of flowering plant species (Hoffmann, unpublished data). Other attractive plant
species for bumblebees were L. album and Lamium purpurea, Silene dioica and Symphytum
officinale. Those plant species could compete with or facilitate for visitors on G. hederacea.

Breeding system Glechoma hederacea

To make a good estimation about the influence of behaviour and flight distance,
information about the breeding system is needed. Experimentally obtained data are given in
figure 2.

Female flowers even produced seeds without pollination: 0.4 seeds per flower. Somehow
pollen must have reached the stigmas. They produced more seeds after cross pollination. Cross
pollination at 3 p.m. had more effect than at 9 a.m. (1.7 and 1.2 respectively). Cross pollination at
9 a.m. and 3 p.m. resulted in the highest number of seeds (1 .9).

The hermaphroditic type did not produce seeds without pollination. With self pollination at
9a.m. and at 3 p.m., 1.3 and 1.0 seeds are produced respectively. When flowers were double
self pollinated, the seed set was even higher (1.5). Cross pollination at 9 a.m. and 3 p.m. resuited
in equal amount of seeds (1.2). double cross pollination at 9 a.m. and 3 p.m. resuited in a higher
seed set of 1.9 seeds per flower. Overall, cross pollination resulted in a higher seed set than self
pollination. The female type has a higher seed set than the hermaphroditic type, but this
difference is not significant. Double cross pollination resulted in significantly higher seed set than
no pollination in hermaphroditic plants.
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2. Breeding system of Glechoma hederacea
Bfemale Bhermaphroditic
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Figure 2. Breeding system of Glechoma hederacea.

In the greenhouse, bagged flowers were self or cross single pollinated at 9 a.m. or 3 p.m,,
or double pollinated at 9 a.m. + 3 p.m. Self means self pollination, cross means cross
pollination. The numbers on the x-axis are times in hours. 9 means 9 a.m. 15 means 3 p.m.
9 + 15 means 9 a.m. and 3 p.m. Y error bars are standard errors from the means. The
average number of seeds per flower is given. N is the number of flowers per treatment.
Homogeneity of variances is 0.000. The chance for equality of means (ANOVA) is 0.019.

the Tukey test divides the means in two groups: a. with a chance of 0.078 and b. with a
chance of 0.194.
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Field extra pollination
Extra pollination in the field can reveal it a low seed set is due to a low visitation or
pollination rate. When the pollination activities are not the bottleneck, equal seed set between

treated and control is expected.

3. Seed set of Glechoma hederacea in the field

Oextra hand pollination Econtrol

hermaphroditic female
Plant type

Figure 3. Seed set of Glechoma hederacea with extra hand pollination.

In verge 34, female and hermaphroditic flowers were extra hand pollinated. The controls
were flowers in the same flowering stage on the same plant. N is the number of
investigated flowers. Mean plus standard error is shown. A paired-sample t test concluded
that the controls did not differ from the treatments (significance 0.812). There is also an
equality of means of the controls of different plant types, with a significance of 0.394. The
means of the treatments of the different plant types are unequal, with a significance of

0.017.

Hermaphroditic plants had both in the natural and in the treated situation significantly
more seed set than female plants (2.6 and 2.4 and 1.3 and 1.8 respectively). Hermaphroditic
plants had a higher seed set after extra hand pollination (2.7 instead of 2.3, not statistically
significant), whereas female plants had a lower seed set after extra hand pollination (1.3 instead
of 1.8, not statistically significant).
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Nectar production rate by Glechoma hederacea

Differences in visitation of female and hermaphroditic G. hederacea could be explained
by differences in nectar production of the two plant types. Plants were kept in pots in a
greenhouse during this experiment.

Female and hermaphroditic flowers did not differ in nectar production rate by an ANOVA
(Appendix C) so data were pooled. Figure 4 shows, how the nectar production speed differs
during the day and under different treatments. Appendix H shows a concentration of 30 to 50%.

4. Nectar production by
Glechoma hederacea

0.06 ]
n= 26 32 8 2_ 47 63 62 29 33 24 i

a ab ab
0.05 a a a a a a :
!
0.04 —
|

0.03 |
- |

0.02

0.01

Nectar production per hour (microliter)

!
T
i {
| i
W i
& B &5 B8 con |
0.00 - = - [
N <t [{e] <t [{e] [(e] (=] N < ©w
- - = L ~— - - = - -
L L L e L e e ) L L
o (=] (=) N N < © [{e] [{e] w0
- - - - - - - - - -
Treatment

Figure 4. Nectar production per hour by Glechoma hederacea.

Treatment 10 means 10 a.m., 12 means noon, 14 means 2 p.m., 16 means 4 p.m. Nectar
was depleted at 4 p.m. the day before the nectar amount measurements. There are ten
‘treatments’, in which the production periods and production times varied. Means plus
standard errors are shown. N is the number of investigated flowers. The homogeneity of
variances is 0.000. The chance that the means come from the same population is 0.002
(ANOVA). The means can be classified into two groups (Tukey). The probability of group a.
Is 0.686. The probability of group b. is 0.110.

The average production speed per hour was highest in treatment '12 to 14’: 0.027
microliter per hour, but the sample size was only 2. Other treatments during the day resulted in
nectar production from 0.012 to 0.0083 microliter per hour. Overnight treatments showed a slow
night production rate: values were between 0.001 and 0.003 microliter per hour. Overnight values
differ statistically significant from most of the values during the daytime.
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Nectar production rate by Lamium album

In some verges, L. album was flowering. Nectar production rate of L. album can be
compared with production of G. hederacea. The differences could elucidate attractivity
differences of verges with or without L. album.

5. Nectar production by Lamium album
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Figure 5. Nectar production rate by Lamium album

The nectar production is calculated from nectar contents in plants kept in the greenhouse.
Nectar was depleted at 4 p.m. the day before the measurements. Treatment 10 means 10
a.m., 12 means noon, 14 means 2 p.m., and 16 means 4 p.m. There are ten treatments with
different production periods. Treatment 10 to 12 means that it was emptied at 10 a.m. The
nectar content at noon gives the production in the two hours. Of each period, the nectar
production per hour was calculated. Means plus standard errors are shown. N is the
number of flowers. The homogeneity of variances is 0.000. The chance for equality of
means is 0.000. Tukey divides the means into two groups: a. with a chance of 0.172 and b.
with a chance of 0.949.

Per hour, most nectar was produced at the treatment '12 to 14'. 0.39 microliter. The other
treatments at the daytime resulted in production per hour of 0.25 to 0.32 microliter. Overnight
treatments resulted in statistically significant lower production of 0.03 to 0.06 microliter per hour.
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Sugar concentration of Lamium album nectar
For visiting insects, not only the amount of nectar, but also the sugar concentration in the

nectar is important. Figure 6 shows sugar concentration of L. album nectar.

6. Sugar concentration of Lamium album nectar
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Figure 6. Sugar concentration of Lamium album nectar.

With a refractometer, the concentration was measured in nectar produced at the different
treatments of figure 5. N is the number of investigated flowers. Means plus error bars are
shown. The homogeneity of variances is 0.103. The chance for equality of means (ANOVA)
is 0.000. Tukey divides the means into group a. with a chance of 0.080, group b. with a
chance of 0.190 and c. with a chance of 0.776.

The highest sugar concentrations (42.5 to 46.2%) were found in the ‘overnight’
treatments. Sugar concentrations of 28.2% to 42.3% were found in the treatments at the daytime.
The lowest sugar concentrations were found in the nectar of '10 to 16' (32.1%) and '12to 16
(28.2%). '14 to 16' on the other hand, had a concentration of 41.6%.




Fraction visited flowers of available

flowers

18

3.1 Glechoma hederacea- visitors
Plots

To determine the composition of the visitor guild, plot observations were done (see
2.1.1). The results are presented in figure 7. Raw data can be found in Appendix J (plot G.
hederacea). Both female and hermaphroditic plots were observed. Figure 7 shows the average of
the fraction of visited flowers per plot by ditferent visiting insect species. The total number of
flowers was estimated by counting the number of flowers on 25 randomly chosen inflorescences.
This resulted in an estimation of the average number of flowers per inflorescence. The total
number of flowers in a plot was calculated by multiplying the total number of inflorescences per
plot and the average number of flowers per inflorescence.

7. Fraction of visited Glechoma hederacea flowers
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Figure 7. Fraction visited Glechoma hederacea flowers of total available flowers in a plot.
Every plot observation took 10 minutes. 18 double plot observations were done in verges
in the three areas. Per plot, the fraction visited flowers of the total number of flowers was
calculated. N is the number of observed insects. Mean values plus standard error is
shown. A one-way ANOVA was done to compare the means. After a log-transformation,
the homogeneity of variances was 0.000. The significance of the ANOVA was 0.005. The
values can be divided in two groups: a and b (Tukey test). Tests were done per insect
species female and hermaphroditic.
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The fraction of visited flowers was for all insect species higher on hermaphroditic plots
than on female plots. Apis mellifera took a larger fraction in both plant types than the other
insects: 0.009 on female plots and 0.014 on hermaphroditic plots. Bombus pascuorum had also a
high fraction of visited hermaphroditic flowers (0.008), but this value does not differ significantly
from visitation fraction values of the other insects (ANOVA).

Most of the visits on both female and hermaphroditic flowers were made by A. mellifera,
which was thereby an important (frequent) visitor. On hermaphroditic plants, B. pascuorum was
also an important visitor, but this is not significantly more important than visits by Melanostoma
sp./Platycheirus sp. and Rhingia campestris. Hermaphroditic plants attracted more visits than
female plants, though this is not a significant difference.

The overall fraction of visitation on female flowers was 0.0118. The overall fraction of
visitation on hermaphroditic flowers was 0.0293.

Transects

Besides plot observations, transect observations were done. Comparisons of results of
those two methods can elucidate the differences between the methods. In this way, we might
even compare plot observations of one species with transect observations of another species,
after minor transformations. This could be used in comparative studies in which plant species with
different visitor characteristics are used.

Transect observations on female and hermaphroditic verges were kept apart. Every
walking transect observation, the number of inflorescences was estimated. In total, 4839 female
plants and 13566 hermaphroditic plants have been observed. Figure 8 shows the results. Raw
data can be found in Appendix L (transect G. hederacea).
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8. Visitors on Glechoma hederacea
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Figure 8. Visitors on Glechoma hederacea, derived from transect observations.

Transect observations were made in all areas. The number of observed insects in total
during the transect walks is given per plant type. On female G. hederacea, 15 insects were
observed, whereas on hermaphroditic G. hederacea, 47 insects were observed. In total,
transect observations were made along 4839 female and 13566 hermaphroditic plants.
Female plants have on average 3.72 flowers per inflorescence. Hermaphroditic plants have
on average 2.68 flowers per inflorescence.

At the female G. hederacea, in total 13/4839 = 0.0027 visitors per inflorescence were
observed, whereas at the hermaphroditic in total 47/13566 = 0.0035 visitors per inflorescence
were observed. Female and hermaphroditic plants had almost the same number of visiting
insects. The composition of the visitor guild differed: main visitors at female G. hederacea were A.
mellifera and B. pascuorum, whereas the main visitor at hermaphroditic G. hederacea was R.
campestris. A. mellifera and the butterflies were not observed on hermaphroditic G. hederacea at
all. R. campestris did not visit female G. hederacea. Female and hermaphroditic plants had
relatively the same amount of visitors. (4839/13 is approximately 13566/47).
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Area
Transect observations were done in the three different research areas. The total number
of visits made by visitors is compared in the three areas.

9. Visitors on Glechoma hederacea in three different areas
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Figure 9. Visitor pressure on Glechoma hederacea in three different areas.

The number of average visiting individuals per verge, obtained from transect walks is
given. N is the number of followed individuals. Means plus standard error is shown. The
homogeneity of variances is 0.000. According to the one-way ANOVA, the significance for
equal means is 0.256. The chance that the means belong to the same group is 0.439
(Tukey). The differences are not significant at the a = 0.05 level.

In Bovensmilde, the average number of visiting individuals per inflorescence per verge
was 0.02, in Ekehaar it was 0.01. In the Drentse Aa, the chance for finding an insect on an
inflorescence was 0.34. The differences are not significant.
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3.1 Glechoma hederacea — effectiveness of visitors

Some traits that make one insect species more effective as a pollinator than another are
pollen loads, pollen deposition, efficiency of behaviour, foraging distance and flower constancy.
Data of those traits will be presented in this chapter. Raw data are presented in Appendix N
(following G. hederacea) and Appendix J (plot G. hederacea).

Flight distance

The further away the next visited inflorescence, the higher the chance of cross
pollination. Figure 10 shows flight distances derived from data from plot observations.

10. Flight distances of Glechoma hederacea visitors
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Figure 10. Flight distance of Glechoma hederacea visitors.

The data were obtained by plot observations. Distances were estimated. N is the number
of observed insects. Means plus standard errors are shown. Flight distance is defined as
flown distance in cm between two visited inflorescences. 21 insects spread over four
insect species were observed. The homogeneity of variation is 0.143. The significance for
equality of means is 0.631 (ANOVA). According to Tukey, the significance for equality of
means is 0.795.
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R. campestris had the highest average flight distance of 18.5 cm, followed by Bombus
sp., 11.2 cm. The lowest average flight distances were observed for Melanostoma

sp./Platycheirus sp. (11.0 cm) and A. mellifera (10.2 cm).
Table 2 shows the maximum flight distances of the visitors. This could be an important

measure for potential efficiency.

Table 2. Maximum flight distance between inflorescences of Glechoma hederacea visitors

Insect species Melanostoma sp. Rhingia Apis mellifera Bombus sp.
/Platycheirus sp. campestris

Maximum flight
distance (cm) 18 45 13 35

Visitation speed

As described in ‘transect observations’, transect observations could be converted into
plot estimations by using the visitation speed of the visitors. Figure 11 shows the visitation speed
of the main G. hederacea visitors. The data are collected by following individual flower visiting
insects. Because the data of visitors on female G. hederacea did not differ significantly from the
data of visitors on hermaphroditic G. hederacea flowers, no division was made in the visited plant

type.

Bombus sp. had the highest visitation speed of 18.9 flowers per minute, followed by A.
mellifera, which visited 13.6 flowers per minute. Both hoverdlies had significantly lower visitation
speeds: Melanostoma sp./Platycheirus sp. visited 3.5 flowers per minute, and R. campestris
visited only 3.1 flowers per minute.
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11. Visitation speed of Glechoma hederacea visitors

data from following observations
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Figure 11. Visitation speed of Glechoma hederacea visitors.

The number of visited flowers per minute was derived by following individual flower
visiting individuals. N is the number of observed insects. Means plus standard errors are
shown. Visitation speed is defined as time followed divided by the total amount of visited
flowers. We followed in total 25 individuals spread over four insect species. The
homogeneity of variances was 0.017. An ANOVA showed a significance for equality of
means of 0.000. The Tukey test showed a difference between A. mellifera and Bombus sp.
on one hand (significance 0.999) and Melanostoma sp./Platycheirus sp. and R. campestris
on the other hand (significance 0.448). This graph takes all protocols into account with
three or more flowers visited, because if only one or two flowers are visited, the visitation
speed can not be calculated.




Visitation speed from plot observations

The data of figure 11 were derived from following individual flower visiting insects.
Actually, during plot observations, visitors were aiso followed. Comparison of the figures can be
interesting and elucidate mistakes during the research: following was only done in a few verges.

12. Visitation speed of Glechoma hederacea visitors,

data from plot observations
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Figure 12. Visitation speed of Glechoma hederacea visitors.

Data are derived from plot observations. N is the number of observed insects. Means plus
standard errors are shown. The homogeneity of variances is 0.555. The chance for equality
of means is 0.806 (ANOVA).

The number of visited inflorescences per minute is taken as a measure for visitation
speed. Because in each inflorescence at least one flower was visited, the values were expected
to be higher than in figure 11. Bombus pascuorum had the highest visitation speed: 11.8
inflorescences per minute. Apis mellifera and R. campestris were intermediate. Melanostoma
sp./Platycheirus sp. had the lowest visitation speed of 0.088 inflorescences per minute.

Though differences are not significant, B. pascuorum seems to be the fastest visitor,
whereas Melanostoma sp./Platycheirus sp. was the slowest visitor. All insect species, except for
R. campestris, had a higher value for the number of flowers per minute than for the number of
inflorescences per minute (see figure 11). Values of inflorescences per minute can be
transformed by dividing the number of visited flowers per minute by the average number of
flowers per inflorescence an insect species visits. Those values are given in figure13.




Effective behaviour

Another characteristic of the visitors is their tendency to visit many or few flowers per
inflorescence. Data were obtained both by following individual flower visiting insects (figure 13)
and by plot observations (figure 14).

13. Percentage visited flowers per Glechoma hederacea
inflorescence
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Figure 13. Percentage visited flowers of presented flowers on the visited inflorescence by
Glechoma hederacea visitors.

Data are derived from following individual flower visiting insects. N is the number of
observed insects. Means plus standard errors are shown. Presented flowers is defined as
total number of flowers on visited inflorescences. 15 insects of four species were
followed. The homogeneity of variances is 0.379. Differences are not significant (ANOVA,
p= 0.380)

Rhingia campestris visited the most flowers from a presented inflorescence (= 25.4%).
Apis mellifera, B. pascuorum and Melanostoma sp./Platycheirus sp. had percentages of 10.2to
11.6. The differences are statistically not significant (ANOVA).
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14. Percentage visited flowers per Glechoma hederacea
inflorescence

data from plot observations
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Figure 14. Percentage visited flowers of presented flowers by Glechoma hederacea
visitors.

Data are derived from plot observations. N is the number of observed insects. Means plus
standard errors are shown. Presented flowers is defined as the total number of flowers per
visited inflorescence. Of four species, 47 insects were followed. The homogeneity of
variances was 0.266. An ANOVA showed a significance of 0.099 for equality of means.
There are no differences between the insects in their percentages visited flowers. The
overall mean is 44%.

A percentage of 100 means, that ali flowers of the visited inflorescences were visited.
Bombus pascuorum has the highest percentage, of 58 on female inflorescences and of 55 on
hermaphroditic inflorescences. Melanostoma sp./Platycheirus sp. had the lowest percentage
(37.5) on female flowers, whereas R. campestris had the lowest percentage on hermaphroditic
inflorescences (28). For all insect species, the percentage was somewhat higher at the female
inflorescences than at hermaphroditic inflorescences.
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Pollen loads

The carrying capacity of a visitor is given by its pollen load. Not only the number of
grains, but also the purity of the load are important for the pollination of the receiving flower. Raw
data can be found in Appendix P (pollen load preparations G. hederacea).

15. Pollen loads of Glechoma hederacea visitors
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Figure 15. Pollen loads on Glechoma hederacea visitors.

The pollen in the brushed pollen loads of visiting insects were classified into G. hederacea
pollen and other pollen. N is the number of brushed insects. Means and standard errors
are shown. Comparison of means was done by ANOVA tests. Tukey tests were done to
group the means. The variance of the number of G. hederacea pollen could not be made
homogeneous. The significance of the ANOVA was for the G. hederacea pollen 0.070 for
the total number of pollen 0.000 and for the number of pollen species 0.429. The Tukey test
was done to group the means of the total number of pollen. Three groups can be made: a.
R. campestris and A. mellifera (0.996); b. Apis mellifera and Melanostoma sp.J/Platycheirus
sp. (0.073) and c. Melanostoma sp./Platycheirus sp. and Bombus sp. (0.502)

Bombus sp. had the largest load: 1623 on the female type and 4568 on the
hermaphroditic type. Rhingia campestris had the smallest polien load of 62, followed by A.
mellifera on female (120) and hermaphroditic (159) G. hederacea.
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Table 3 shows other characteristics of the polien ioads of G. hederacea visitors.

Table 3. Characteristics pollen loads of Glechoma hederacea visitors.

Insect species Number of Fraction Pollen load size
pollen species Glechoma
hederacea grains

Melanostoma sp./Platycheirus sp. 6.0 0.94 690
Rhingia campestris 5.0 0.69 62

Apis mellifera 6.3 0.47 124
Bombus sp. 6.4 0.87 3387

All visitors had between 5 and 7 polien species in their loads. The fraction of G.
hederacea pollen was highest for Melanostoma sp./Platycheirus sp. {0.94). The fraction of G.
hederacea polien was lowest for A. mellifera (0.47). The differences between Bombus sp. and
both A. mellifera and R. campestris are statistically significant (ANOVA).

Bombus sp. is a visitor with a large load on hermaphroditic (and female) plants. A.
mellifera and R. campestris have lower capacities. The load of A. mellifera did aiso consist for
haif of other polien species.

A fully loaded Bombus sp. can deposit pollen on more female flowers than A. mellifera
(supposed that their number of deposited polien grains in a visit is the same). Deposition
characteristics are shown in figure 16.




Pollen deposition

Without a load of G. hederacea pollen no pollination is possible. Figure 16 shows the
deposited G. hederacea pollen on the stigma of the first visited flower. Because data on second
and third pistil could be inaccurate, figure 8 shows only deposition onto the first pistil. Raw data
can be found in Appendix R (virgin stigma slides). Appendix D gives pollen deposition on the
second and third stigma also.

16. Pollen deposition on virgin Glechoma hederacea pistils
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Figure 16. Glechoma hederacea pollen deposition.

Data are derived from first visitation on emasculated G. hederacea flowers. N is the
number of first visited pistils. Means plus standard errors are shown. Of slides of visited
pistils, the average number of G. hederacea pollen is given.

It is expected, that pistil 1 receives more polien than the next pistils. This was not the
case. See Appendix D. Higher values can be caused by improper emasculation or a high
variation in deposition. Syrphidae deposited 14.3 grains on the first pistil. Lepidoptera deposited
11.4 grains on the first pistil. R. campestris and B. pascuorum were intermediate with 9.1 and 8.1
pollen respectively. A. mellifera deposited 6 grains on the first pistil. Apidae large and small
deposited 3.2 and 4.0 grains respectively. Bombus pratorum and Bombus terrestris (which visits
through a self-bitten hole) deposited the low numbers of 2 and 0.7 pollen grains on the first pistil.
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Flower constancy
The more flower constant an insect species is, the less different polien grain species will
be deposited. Figure 17 shows the number of pollen species in the deposits.

17. Pollen species on Glechoma hederacea pistils
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Figure 17. Number of pollen species on Glechoma hederacea pistils.

Data are derived from visitation on stigmas of emasculated G. hederacea flowers. N is the
number of slides. Means plus standard errors are shown. Of 92 microscope slides of
visited pistils, average number of pollen grain species is given.

B. pratorum left most polien species (4;3;3). The least pollen species were deposited by
Lepidoptera (1.3). With A. mellifera , Apidae small, Apidae large, B. terrestris, and R. campestris,
the first pistil has received less polien species than the second or third.

The other polien species could come from flowering species like Lamium album in the
neighbourhood. Identification was not possible, but grains with shapes typical of Umbelliferae
were not much found.
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Fluorescent dye powder

The overall result of the visitation of the whole pollinator guild can be shown by
fluorescent dye powder results. They are presented in figures 18a, b and c. Raw data are
presented in Appendix S (G. hederacea fluorescent dye powder).

Green was not much present at the source, but was found in samples at 64 metres (15).
To the east was a clear decay of the total number of fluorescent dye particles (17 to 9). To the
west, the number of particles seems to be uncorrelated with distance. At 32 meters, three times
as many particles were found than at 2 meters (29 and 10 respectively). A decay for the colours
separately could not be found either.

18a. Red fluorescent dye powder on Glechoma hederacea
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Figure 18 a, b, c. Red, yellow and green fluorescent dye particles on Glechoma hederacea.
Data are derived from a fluorescent dye powder experiment. The colours are the colours
seen under the UV microscope. Means plus standard errors are shown. The sample
location is given in meters. 0.5 meters is the source. + values are at the west, - values are

at the east.
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18b. Yellow fluorescent dye powder on Glechoma
hederacea

L]

o
-

- -

|

{

20 30 40 50

® Li_ - I_ i =
-20 -10 i? 10

0-2.
2

—0-

Distance from source (meters)

18c. Green fluorescent dye powder on Glechoma
hederacea
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3.2. Anthriscus sylvestris- background information

To make good conclusions about effectiveness of visitors, information about the breeding
system is needed (figure 19). The overall effect of the visitors is shown in figure 27, about
fluorescent dye powder. The control on colour preferences is shown in figure 28. Raw data can
be found in Appendix G (breeding system A. sylvestris experimental).

Breeding system

The breeding system has to be elucidated, to make conclusions about harmfulness of
short flight distances.

19. Breeding system of Anthriscus sylvestris
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Figure 19. Breeding system of Anthriscus sylvestris.

In the greenhouse, netted plants were hand pollinated in different ways. Self means self
pollination, cross means cross pollination. 9 means 9 a.m., 15 means 3 p.m. Nis the
number of replicas, this is 7 for each treatment. Means plus standard errors are shown.
Percentage seed set is defined as number of seeds produced divided by maximum
number of seeds that could have been produced. The homogeneity of variances is 0.137.
No significant different groups were found (p= 0.285). The chance for one group is 0.285
(Tukey test).
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The highest average percentage of seed set was found with cross double pollination and self
morning pollination (45% and 43%, respectively). Without pollination, a seed set percentage of 35
was found. Double cross pollination increased the percentage seed set (45% instead of 34% or
43% at single cross pollination). Afternoon cross pollination resulted in an almost as high seed set
percentage as double pollination. Values do not differ significantly (ANOVA). Double self
pollination was more effective than self afternoon pollination (38% instead of 26%), but morning
self pollination was most effective (43%). Except for the morning treatments, cross pollination was
more effective than self pollination.
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Anthriscus sylvestris- visitors
The visitor guild composition of A. sylvestris was investigated by transect observations,

plot observations and verge composition.

Visitor guild
The easiest way to get an idea of the visitor guild is to make transect observations. Data
are presented in figure 20. Raw data are presented in Appendix M (transect A. sylvestris)

20. Relative abundance of Anthriscus sylvestris visitors
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(n=352)
Figure 20. Anthriscus sylvestris visitors.

Species names of visiting individuals were recorded during transect observations. Insect
species were grouped. The nine most abundant species are shown. The total number of
visits was 352. A proportion of 0.875 is provided by the nine main visitors.

The main visitors of A. sylvestris were Empis tessellata, Eristalis tenax/pertinax, Musca
sp., Cantharis sp., Scatophaga stercoraria, Syrphidae rest, Elateridae, Scatophaga x and Diptera
small. The frequency distribution of Syrphidae-Diptera-Coleoptera-rest was 80-165-63-44.
Appendix M gives also the insect species that are grouped into ‘rest’. This frequency distribution
can be compared to the frequency distribution on other plant species, like Aegopodium
podagraria (figure 22).
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Plot visitor guild

When plot observations are made, the time component of the visitors is also taken into
account. Plot observations are more accurate than transect observations. Because the large
number of visitors per time unit, only small plots were used to obtain the data needed for figure
21. Raw data can be found in Appendix K (plot A. sylvestris).

21. Visitors on Anthriscus sylvestris
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Figure 21. Plot visits (10 min.) on Anthriscus sylvestris.

Data were derived on 5 June 2001 in one verge (see Appendix A). The number of visits per
insect species per umbel is given. N is the number of observed individuals. The number of
observed insects per species is very low.

The most abundant species was E. tessellata, like in the transect observation figure.
Musca sp. is also present, but Cantharis sp. is not. Eristalis tenax/pertinax did also make a large
number of visits.



Visiting individuals

Visitor guild Aegopodium podagraria

Visitor guilds of an other umbellifer in road verges, but with a later flowering period
(Aegopodium podagraria), can be compared to the visitor guild of A. sylvestris. Raw data are
presented in Appendix U (colour A. podagraria).

22. Visitors on Aegopodium podagraria
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Figure 22. Visitors on Aegopodium podagraria.
The number of visits on A. podagraria was observed during the colour vision experiment.
364 visits were observed. 0.97 of the visits is represented by those nine main species.

The nine main visitors of A. podagraria were Helophilus small and Helophilus large,
Eristalis arbustorum/abusivus, Melanostoma sp./Platycheirus sp., Gymnochaeta viridis, Musca
sp., Sarcophaga sp., Anasimya sp. and S. stercoraria. It is remarkable, that so many half-
specialised species (Syrphidae) visited the umbels.

The frequency distribution of Syrphidae-Diptera-Coleoptera was 306-59-0.
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Anthriscus sylvestris- effectiveness of visitors

The flight distances and pollen loads determine among others the real value of a
pollinator for pollination.

To transform transect observations to plot estimations, visitation speed and visitation density are

important factors. Data are shown in figures 23 and 24. Raw data can be found in Appendix O (following A.
sylvestris).

Flight distances

Larger flight distances between umbels mean a higher chance for transfer of pollen to
genetically different plants.

23. Flight distances of Anthriscus sylvestris visitors
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Figure 23. Average flight distances of Anthriscus sylvestris visitors.
Data are derived from following observations. N is the number of followed insects. Means
plus standard errors are shown. The homogeneity of variances is 0.287. The significance

for equal means is 0.270 (ANOVA). According to the Tukey test, the significance for one
group is 0.102.

Sarcophaga sp. had the largest flight distance (65 cm), followed by Cantharis sp., Empis
sp. and Helophilus yellow (43, 39 and 38 cm., respectively). Tachina fabricia, E.
arbustorum/abusivus, E. tenax/pertinax, Empis diagramma, E. tessellata, Eristalis horticola and

Musca sp. are intermediate, with values between 27 and 15 cm. Empis livida had the smallest
value of 4 cm. Differences are not statistically significant.
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The maximum flight distances of A. sylvestris visitors are given in table 4. The maximum
flight distance gives the potential efficiency of a visitor.

Table 4. Maximum flight distance between umbels by Anthriscus sylvestris visitors.
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distance (cm)

Empis sp. and Sarcophaga sp. not just had a large average flight distance, also their
maximum flight distance was largest of the visiting insect species (100 cm). The maximum flight

distance of E. livida was only 7.5 cm.
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Visitation speed
An important characteristic of visitors is the speed with which they visit umbels. Data
derived from following observations are given in figure 24.

24. Visitation speed of Anthriscus sylvestris visitors
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Figure 24. Average visitation speed of Anthriscus sylvestris visitors.
Data are derived from following observations. Speed is defined as number of umbellules
per second. N is the number of followed insects. Means plus standard errors are shown.

Tachina fabricia visited most umbeliules per second (0.22). This value differs
significantly (ANOVA) from E. livida (0.03) and Cantharis sp. (0.04).




Percentage visited umbellules per umbel
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Behaviour

Insects use their time most effectively for the plants, when they visit each time an
umbellule of a different umbel. This increased the chance of quickly transferring pollen to a
genetically different plant. The average percentage visited umbellules per umbel of A. sylvestris is
given in figure 25.

25. Percentage visited Anthriscus sylvestris umbellules per
umbel
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Figure 25. Average percentage visited umbellules per umbel of Anthriscus sylvestris.
Data are derived from following. N is the number of followed insects. Means plus standard
errors are shown. After a log-transformation, the homogeneity of variances was 0.186. An
ANOVA showed that the significance for equality of means is 0.008. The Tukey test says
that there is one group with a significance of 0.14.

The average percentage of visited umbellules.per umbel was highest for Cantharis sp.
(85 %). Eristalis arbustorum/abusivus, E. tessellata and T. fabricia were intermediate with
respectively the values of 55.9 %, 55.1 % and 55.4 %. The other visitors had values between
18.5 % (E. livida) and 37. 5 % (E. horticola). The differences are not statistically significant
(ANOVA).

Canthans sp.
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Pollen loads

The larger the pollen load on the body of an insect, the more pollen grains can be
deposited at once or the more female umbellules can be provided with pollen. if a pollen load is
very small, the chance of leaving pollen to the right place on the stigmas could be very low. Raw
data are presented in Appendix Q (pollen load preparations A. sylvestris).

26. Pollen loads of Anthriscus sylvestris visitors
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Figure 26. Pollen loads of Anthriscus sylvestris visitors.

N is the number of slides. Each slide is made of the pollen load of one visiting insect.
Means plus standard errors are shown. Pollen were divided into A. sylvestris pollen and
other pollen. The total number of pollen species Is also given. The homogeneity of
variances for the number of species was 0.165. An ANOVA could be done to compare the
means. The significance was 0.002. According to the Tukey test, one subset exists with a
significance of 0.059.

Eristalis sp., T. fabricia and Cantharis sp. had the largest number of pollen grains (6878,
5803 and 5656 respectively). Scatophaga x, Diptera small and Coleoptera carried the smallest
number of pollen grains (1103, 407 and 909 respectively). The.other species carried between
2132 (Lepidoptera) and 3351 (E. tessellata) pollen grains. Helophilus sp. had the lowest
percentage of A. sylvestris pollen grains (0.90), Cantharis sp. had the highest percentage of A.
sylvestris pollen grains (0.994). The S. stercoraria and Cantharis sp. had only 3 pollen species in
their loads, whereas E. livida and Lepidoptera had 9 pollen species in their loads.

E
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Table 5 shows the fraction A. sylvestris pollen in the loads of the visitors. The number of
pollen species in the loads is shown in figure 26. The polien loads of Anthriscus sylvestris visitors
are very pure: all have a fraction A. syivestris pollen above 0.89.

Table 5. Fraction Anthriscus sylvestris pollen in the pollen loads of Anthriscus sylvestris

visitors.
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Fluorescent dye powder
The results of overall activity of visitors can be shown by using fluorescent dye powder.
Figures 27 a, b and ¢ show the results. Raw data can be found in Appendix T (A. sylvestris

fluorescent dye powder).

Red particles were not much found at the source (See Appendix T). In the slides they
were hardly present. They seem to have a constant number at distances of more than 5 meters.
A decay to the north of the source was visible for yellow and green, and slightly for red.

In the south, more particles were found at the same distance than in the north. in the

north, up till 4 meters, there was a decay. Up till 40 meters to the south, a decay was found.

Further away, the number of grains was higher again.

Fraction of dye particles at source

27a. Red fluorescent dye powder on Anthriscus sylvestris
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27b. Yellow fluorescent dye powder on Anthriscus

sylvestris
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27¢. Green fiuorescent dye powder on Anthriscus
sylvestris
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Figure 27 a, b, c. Red, yellow and green fluorescent dye particles on Anthriscus sylvestris.
Data are derived from fluorescent dye powder (= pollen analogue) experiment in verge
20.5. The source was at 0 m. The positive values on the x-axis are south of the source, the
negative values are north of the source. After one day, at different distances umbellules
were collected. Means plus standard errors are shown. Fluorescent dye particles seen as
red, yellow and green under the UV microscope were counted in 10 slides at different
distances from the source at 0 m.
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Colour vision of fluorescent dye powder

Some insect species might have preferences for visitation of specific colours. If those
preferences are not evenly distributed over the insect species, the fluorescent dye powder results
may be biased. Results of the colour vision experiment on A. podagraria are given in figure 28.
Raw data are presented in Appendix U (colour A. podagraria).

28. Visitors on umbels of Aegopodium podagraria with
fluorescent dye powder
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Figure 28. Relative abundance in percentages of visitors on coloured umbeils of
Aegopodium podagraria.

Data are derived from the colour vision experiment. White part of yeliow means the white
side of the umbel that was coloured yellow at one side. The number of visits on the blank
umbels was divided by two, because they were twice as large (had twice as many
umbeliules) as the other treatments. N is the number of visitors per insect species. The
total number of visitors on the seven treatments was calculated to be 300.5. The
percentages are given for insect species with the highest visitation frequency. The rest is
given in rest. Also the total distribution is given.

In total, there was a slight more preference for uncoloured umbels. Most species did visit
red powdered umbels, except the Sarcophaga sp.. Sarcophaga sp. and Musca sp. did both not
visit the white parts of red umbels. Orange umbels were visited most by Sarcophaga sp. (2/7.5).
Sarcophaga sp. visited many white parts of orange umbels (3/7.5), whereas £l
arbustorum/abusivus did not often visit this type of treatment (2/43). Yellow umbels were hardly
visited by G. viridis (0/12.5) and Helophilus small (1/103.5). The white parts of yellow umbels
were visited by all species except Sarcophaga sp.. Gymnochaeta viridis had a preference for
blank umbels (4.5/12.5).
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4. Conclusion and Discussion

Specialisation levels

insect species can be divided in specialised (Apoidea and wasps), half-specialised
(Syrphidae) and unspecialised (other Diptera). The more difficult the flower, the more specialised
insects are expected. Figure 29 shows the visitor groups for four plant species that have been

described in this research.
Unspecialised insects are Coleoptera and other Diptera. Syrphidae are half-specialised
insects, Apoidea are specialised insects.

29. Fraction of insect visitors with different specialization
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Figure 29. Relative amount of insect visitors with different specialisation levels.

Data are derived from plot (Aegopodium podagraria) and transect (A. sylvestris and G.
hederacea) observations. N is the number of visiting individuals. Visitors of A. sylvestris,
A. podagraria, G. hederacea female and G. hederacea hermaphroditic were grouped into
specialised, half-specialised and unspecialised visitors. Per plant species, the relative
amount of these groups is given.

Anthriscus sylvestris had the most unspecialised visitors if the four taxa are compared
(0.77). The other visitors (0.23) were half-specialised. Aegopodium podagraria on the contrast,
was visited mostly by half-specialised visitors (0.86). Unspecialised visitors did also visit A.
podagraria (0.14). Specialised visitors did hardly visit A. sylvestris or A. podagraria. The visitor
type composition of G. hederacea hermaphroditic resembied that of A. podagraria (0.93 half-
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specialised), whereas the visitor type composition of G. hederacea female was totally different.
Visitors of G. hederacea female were mostly specialised (0.59), but unspecialised and half-
specialised insect species did also visit this plant type (0.26 and 0.14 respectively).

Umbelliferae attract half- or unspecialised visitors. G. hederacea hermaphroditic
attracted half-specialised visitors and G. hederacea female attracted mostly specialised visitors.
This is strange, because specialised visitors were expected on G. hederacea hermaphroditic. The
length of the whorl of G. hederacea hermaphroditic could be too large for most specialised
visitors, which have to go to G. hederacea female to drink nectar. Half-specialised visitors with a
long tongue (R. campestris) can obtain pollen and nectar at G. hederacea hermaphroditic. One
could argue that R. campestris is specialised if you make the subdivision on a
functional/morphological basis rather than taxonomicalily. Haif-specialised visitors with a short
tongue can obtain pollen and small amounts of nectar at A. sylvestris or A. podagraria.

Table 6 gives an overview of the data presented in graphs and tables on G. hederacea in
the report.

Glechoma hederacea- background information

The experimental breeding system experiment showed that the female type had a higher
seed set than the hermaphroditic type (not significant). This agrees with Widen & wideén, 1990:
seed set per fruit is higher in female than in hermaphroditic G. hederacea. Double poliination
treatments resulted in higher seed set than singie poliination treatments. Maybe the first
deposition was not enough to trigger the enzyme system. A second possibility is, that the first
load triggered the enzymes which could be used to germinate pollen of the second load. Self
pollination was possible, though cross poliination resulted in higher seed set. Self pollination
could result in inviable embryos. The viability of the seeds was not tested in this research.

The field breeding system experiment shows that for hermaphroditic plants, the available
insect population was not sufficient to cause maximum seed set, which is four seeds per flower.
For female plants, extra hand poliination had a negative effect on seed set. The stigmas can have
become too crowded or damaged by the treatment. If figure 2 and figure 3 are combined, the
female plants were visited at least one time and the hermaphroditic plants were visited at least
two times (1.9 seeds).

A calculation can be made of the overall chance for seed set with self and/or cross
pollination. With this value, harmfuiness of low flight distances can be computed.

G. hederacea produced nectar fastest during the day. Actually, there could be no
production at all during the night, when there is no light for photosynthesis. During the night,
production of nectar means ailocation of sugars. The values found could be due to the fact, that
flowers were left from 16:00 the previous day, when it was still light. If the day lasts twice as long
as the night, however, a decrease of nectar production speed ot one-third overall is expected
when the night is taken in. Overnight values were smaller. Maybe a touch during the day triggers
the system to produce necessary enzymes and hence more nectar.

Extra information on visitation times during the day can elucidate the found results on
nectar production of G. hederacea.

At L. album, overnight values were 5 to 10 times as low as values in the daytime. Maybe
the touch of the early insect should trigger the nectar-producing system. in that case, it could be
favourable for insects to fly at little-rewarding flowers in the morning, to assure themselves of their
evening dish. Lamium album produced ten times as much nectar as G. hederacea.

Overnight, concentration in the littie bit of nectar was higher than in the larger amounts
produced during the day. It seems, that triggering lasts for only two or three hours. 10 to 16’ had
a decreased concentration in comparison to *10 to 12° and '10 to 14’ . This could be caused by
extra production of more watery nectar. '12 to 16" had also a decreased concentration in
comparison to '12 to 14’
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Percentage of visits

Glechoma hederacea- visitors

In the introduction, an estimation of insect visitors was made. Figure 31 in Appendix B
gives the visitors found by Frank Hoffmann in 2000. Figure 30 compares figure 8 with figure 31.
The female and hermaphroditic data of figure 8 were pooled. The areas of figure 31 were pooled.

30. Visitor guild composition Glechoma hederacea
n=22 62

100%

80%
S Lepidoptera
M Eristalis sp

O Helophilus sp.
60% 8 Melanostoma sp./Platycheirus sp
O Rhingia campestris

O Diptera smail

W Apis mellifera

0O Bombus terrestris

0O Bombus pratorum

40%

0O Bombus pascuorum

B Bombus jonellus
20%

0%
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Figure 30. Visitor guild composition Glechoma hederacea.
N is the number of observed insects in total. Data are derived from transect observations.

There was a large difference between the visitor guild composition in 2000 and 2001. In
2000, the most frequent visitor was Diptera small. In 2001, the most frequent visitor was R.
campestris. In 2001, Syrphidae were found in addition to the guild of 2000.

Widén and Widén (1990) said, that visitors on G. hederacea were amongst others
Lepidoptera. In one verge ( verge 2) in the research area, Lepidoptera visited G. hederacea, but
they can not be said to be regular or common visitors in the researched area.

A visitor with a high frequency could be a bad pollinator and a visitor occurring in a low
frequency could be a very good pollinator. The higher the fraction visited flowers in a plot, the
more pollen will be transferred within the plot. Many flowers will receive pollen grains coming from
plants in the same plot. Because G. hederacea, and especially the female form, is a clonal plant,
the chance is high for hermaphroditic plants that the pollen do hardly differ genetically from the
receiving plant or flower. A high intra-plot visitation could enhance self-pollination. Self pollination
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is possible for G. hederacea but the effect on the germination of the seeds and fitness of the
offspring was not investigated.

Pollination of female plants can only occur when a visitor deposits polien of a previously
visited hermaphroditic plant. Visitors on female flowers with a high flower constancy will aimost
never take pollen grains to the plants they visit.

The difterence in visitors on the plant forms at the transect observations can be caused
by the difference in food necessarity of the visitors. A. campestris eats polien grains and drinks
nectar, which resuits in the choice of hermaphroditic flowers, which provide both sources. A.
mellifera has a shorter tongue than R. campestris. A. mellifera uses nectar as energy source and
is able to take it out of the female flowers, which have a shorter calyx. A. mellifera can also be a
collector, but individuals with corbiculars filled with G. hederacea pollen were rarely observed.
The proportion of Lepidoptera is based on the observation of one Lepidoptera species in a small
population of female G. hederacea plants. Difference in Lepidoptera between the piant forms is
biased by incidence.

The difterence in visitors from the methods plot observations and transect observations is
obvious. The role of B. pascuorum on hermaphroditic flowers is in figure 8 (transect observations)
not as distinct as in figure 7 (plot observations). The difference in number of visits on the plant
types is only apparent in figure 7. Differences can be caused by the inaccurate observations of
transect walks: the duration of visits is not taken into account. When a visitor is very siow, it can
be spotted during transect walks. There is a large chance that the slow visitor does not reach the
plot, which is only observed during ten minutes. The larger the piot, the more complete view
results about the visits made by the visitors. Figure 11 shows the visitation speed of G.
hederacea visitors. Those values couid be used for the transformation of transect observations to
plot estimations. Because no information about visitation speed is known from insects only
observed in transects, this calculation can not be done. A fast visiting insect has a higher chance
to be seen in a plot observation of 10 minutes than a slowly moving insect. If this theory would be
true, faster insects score better in plots than in transects. Apis mellifera and B. pascuorum were
faster than Melanostoma sp./Platycheirus sp. and R. campestris. On hermaphroditic flowers,
indeed Apis mellifera scores better in plots than in transects. This is partly true for B. pascuorum.
On female flowers on the other hand, this can not be seen.

Visitors on G. hederacea plants have the same visitor rate in the three areas.

Glechoma hederacea- effectiveness of visitors

Statistically, there is no difference in foraging distances. The larger the flight distance, the
higher the chance for mixing of pollen with non-siblings. Rhingia campestris wiil take polien over
large distances and so enhance cross-pollination. Bombus sp., Melanostoma sp./Platycheirus sp.
and A. mellifera did not take pollen over large distances and could enhance inbreeding by taking
polien to siblings. The inbreeding chance probability at a certain distance will differ between
populations, because every population has a different genetical structure.

The higher the visitation speed, the more flowers per time unit are visited. If a visit takes
long, extra pollen could be deposited by the movements of the visitor. Bombus sp. and A.
mellifera visited many flowers per time unit. Melanostoma sp./Platycheirus sp. and R. campestris
visit less flowers per time unit. The importance of Melanostoma sp./Platycheirus sp. and R.
campestris could be underestimated by transect observations. Depending on the size and visiting
behaviour, each insect species will have its own visitation speed and pollen deposition. This
should be investigated further to make a good conclusion about the residence times found.
Bombus sp. was the fastest visitor (inflorescences per minute), followed by A. mellifera.
Melanostoma sp./Platycheirus sp. and R. campestris are slower visitors. For bumbiebees, a
foraging rate of 10-20 flowers a minute is common (Heinrich, 1979). This is in agreement to the
value 18.9 flowers per minute.

The number of visited inflorescences per minute could be a better measure for the
visitation speed than the number of visited flowers per minute, because when a new
inflorescence is visited, the flowers get foreign polien. However, self-poliination is not impossible
in G. hederacea (figure 2). The values of R. campestris are strange: four times as many flowers
as inflorescences are visited per minute, and still the visitation speed on inflorescences is three
times as high as that on flowers. The visitation speed on inflorescences was expected to be four
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times as low as that of flowers. This means, that the followed individuals in plot observations were
twelve times as fast as the followed individuals during following observations. It is possible that
the followed individuals were extraordinary slow. The plot observations are more precise: they
were done in different verges.

Rhingia campestris and Melanostoma sp./Platycheirus sp. may enhance cross-pollination
more than A. mellifera and Bombus pascuorum do. The differences are not significant.
Glechoma hederacea is self-compatible (figure 2), but the fitness of the population will stay higher
when foreign polien grains are received.

The higher the fraction of visifed flowers from presented flowers, the less cross-
pollination will occur on hermaphroditic flowers: only changes from one inflorescence to another
of a different clone could cause cross-pollination. Insect species with a foraging behaviour that
results in lower flowers of inflorescence visited fractions are said to be potentially better
pollinators. Of course, also their flight distances should be taken into account. Rhingia campestris
seems to be the least effective pollinating visitor in this view.

Not only the load is important, aiso the deposition. Unfortunately, no research has been
done to the optimum number of pollen grains deposited for pollination. Half of the bumblebees
carry two or more kinds of pollen (Heinrich 1979). Only 2% of the honey bees carry 2 kinds of
pollen (Heinrich, 1979). Apis mellifera was found to have 3 to 6.3 pollen species on average in its
load, and B. pascuorum 3.4. The values of Heinrich about A. mellifera do not agree with the
values of this research. In my investigation A. mellifera was less flower constant.

Better pollinators leave polien grains of only one or two species. Their foraging behaviour
is flower constant. The most flower constant visitor were Lepidoptera, the least flower constant
visitor was B. pratorum. On the first pistil, more pollen grain species are expected than on next
pistils, because the insects get rid of their polien loads during their visits. An explanation for an
increase of polien grain species on next pistils is, that the pollen loads are built up of several
layers. if the upper layer of pollen species A is left on a pistil, the next layer can be left on the next
pistil. In contrast to data from pollen loads, those data give insight in effective flower constancy
(layer theory).

Further research should be done on the pollen loads of Lepidoptera. The littie abundant
group seems to have interesting pollen load deposition numbers on G. hederacea.

Fluorescent dye particles can be transterred over 64 meters in two days. Decay is not
obvious however. There might be so many traffic, that all flowers over a large area have almost
the same number of dye particles, the number depending on how attractive the flower is. The
source could be set at 100%. The radius of a foraging bumblebee is found to be maximalily 450
meters in certain circumstances (Kwak & Tieleman, 1994c). Herefore, we could expect
fluorescent dye powder to come maximally 450 meters, if the load is not depleted beforehand and
if no other insects transtfer the powder further. Transterred dye powder can be transferred from
one stigma to the next. The same process could be at work for pollen grains, but because of size
differences, this process can be enhanced with fluorescent dye particles. There could be a
difference in adhesion between fluorescent dye particles and polien grains. Fluorescent dye
particles are lighter, and might be more sensible for wind. The estimated mean pollen dispersal of
G. hederacea is 5.3-5.9 meters (Widén & Widén, 1990, data from seed set observations). The
value of 64 is eleven times as high, but is a total of added means and carry-overs.

Glechoma hederacea- important pollinators

Here, | propose to combine traits to come to a conclusion about pollinator importance. |
will like to assign the insect species most favourable for pollination a value of 1, and insect
species less favourable for pollination a proportional value. Because no extra information is
available, | assume that the values of the traits are correlated with favourability linearly. | assume
equal importance of the traits for effectiveness, though opinions on this case differ. A value lower
than 1, e.g. 0.5 for trait A. means that the insect species will pollinate 0.5 times as many flowers
as the insect species with the value of 1. A value of 0.25 means that the insect species will
pollinate 0.25/0.5=0.5 times as many flowers as an insect species with value 0.5. If the insect
species with value 0.5 for trait A. has a value of 0.5 for trait B., the insect species will be able to
poliinate 0.5 x 0.5 = 0.25 of the flowers that an imaginative insect species with best values for all
the traits could have pollinated. The values for the traits of one insect species have to be
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multiplied to obtain a totai poiiination importance measure. Only the (imaginative) insect species
that combines the best values for aii the traits has an effectiveness of 1.

The chosen traits for caicuiation of effectiveness of visitors of G. hederacea are:

1. proportional number of observed visitors by transect observations and number of
visited inflorescences per second: transect observations times number of
inflorescences per second gives more accurate information about the pooi and the
number of inflorescences visited by this pooi than piot observations.

2. number of inflorescences visited per minute: only fiights from infiorescence to
inflorescence are supposed to be effective

3. flight distances: a measure for the inbreeding chance.

4. species specific polien deposition: gives more information than polien ioad.

The proportional number of observed visitors is spiit up into female and hermaphroditic G.
hederacea. Therefore, the total effectiveness on both femaie and hermaphroditic G. hederacea
can be calcuiated.

Table 7a.

An overview of indexed effectiveness values for Glechoma hederacea female visitors. in
the case of missing values, averages were taken (italic script). insects with too many missing
values have been left.
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Melanostoma 0.28 0.59 0.45 0.59 0.044
sp./Platycheirus sp.

Rhingia campestris 0 1 0.78 0.35 0.000
Syrphidae rest 0.62 0.71 0.76 1 0.334
Apis mellifera 1 0.55 0.80 0.22 0.097
Bombus pascuorum 0.57 0.71 1 0.48 0.194
Table 7b.

An overview of indexed effectiveness values for Glechoma hederacea hermaphroditic
visitors. in the case of missing values, averages were taken (itaiic script). insects with too many
missing vaiues have been left.
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Melanostoma sp./Platycheirus sp. 0.32 0.59 0.45 0.59 0.05
Rhingia campestris 1 1 0.78 0.35 0.273
Syrphidae rest 0.19 0.71 0.76 1 0.103
Apis mellifera 0.04 0.55 0.80 0.22 0.004
Bombus pascuorum 0.36 0.71 1 0.48 0.123
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With this method, Syrphidae rest and B. pascuorum appear to be the most important
visitors for pollination, on female G. hederacea. On hermaphroditic G. hederacea, R. campestris
and B. pascuorum are the most important visitors for pollination. If those species would become
extinct, a lot of pollination would not be done any more, but the gap may be filled by other visiting
insect species.

In figure 30 was shown that the visitor guild composition can have large differences
between years. The pollination importance of the visiting insect species in 2001 differed probably
from the pollination importance of the visiting insect species in 2000.

Table 8. An overview of traits of visiting insect species on Anthriscus sylvestris. Data are
directly derived from the graphs.
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Lepidoptera 0.97
Empis livida 75 0.03 19 0.96
Empis diagramma 6 213 |32 0.1 27 0.98
Empis tessellata 19.3 | 21 16.6 25 0.11 55 3293 0.98
Empis sp. 39.1 100 0.11 24

Eristalis arbustorum 7 26.5 | 40 0.16 56

Eristalis horticola 4 154 |19 0.18 37

Eristalis tenax/pertinax | 179 | 8 23.5 |80 0.17 31 6355

Eristalis sp. 0.92
Helophilus trivittatus 50 0.12 26 0.90
Rhingia campestris 1 i

Syrphidae rest 4.8 2952

Tachina fabricia 3 272 |75 0.22 55 5708 0.98
Sarcophaga sp. 5 65 100 0.16 28

Scatophaga stercoraria | 6.2 2344 0.99
Scatophaga x 3.7 1065 0.97
Musca sp. 139 [ 11 16 25 0.07 34 2377 0.98
Diptera small 3w 1 381 0.94
Cantharis sp. 139 |2 43.8 | 80 0.04 85 5626 0.99
Elateridae 4.0

Coleoptera rest 869 0.96

Table 6b gives an overview of the data presented in graphs and tables on A. sylvestris in
the report.

Anthriscus sylvestris- background information

In the studied literature, no information was availabie about the breeding system of the
species A. sylvestris. From the breeding system experiment can be concluded that A. sylvestris
is highly self-compatible. Cross pollination might result in a higher seed set percentage because
of the lack of inbreeding depression, but the difference is not significant. As in G. hederacea, the
lowest seed set was caused by the treatment of self pollination at 3 p.m.

The experiments in the garden were done with netted plants. The netting of those plants
might have been not as adequate as needed. This can have caused insects to pollinate flowers or
intrude under the nets. Next time, some reference preparations should be made to control the
virginity of the stigmas. A problem with A. sylvestris was, that the wind could have blown the
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plants to each other and hence cause pollination. A netting method of small plant parts instead of
a group of plants is recommended.

Anthriscus sylvestris- visitors

Unspecialised visitors like other Diptera and Coleoptera were expected. Diptera and
Coleoptera are two-third of the total visitors. Other Diptera and Coleoptera are unspecialised
species. Still, almost one quarter of the visitors are half-specialised insects: Syrphidae.

The difference in visitors from the methods plot observations and transect observations is
obvious. Differences can be caused by the inaccurate observations of transect walks: the
duration of visits is not taken into account. When a visitor is very slow, it can be spotted during
transect walks. There is a large chance that the slow visitor does not reach the plot, which is only
observed during ten minutes. The larger the plot, the more complete view results about the visits
made by the visitors. Figure 24 showed the visitation speed of A. sylvestris visitors. Those values
can be used for the transformation of transect observations to plot estimations: Eristalis
tenax/pertinax has. a high visitation speed. Still, its value is lower in plot observations than in
transect observations. The same is true for Musca sp. The theory does not fit to these data, but
the difference between the methods is obvious.

Although unspecialised visitors were expected, half-specialised insects visited the umbels
of A. podagraria. The visitor guild was totally different from the visitor guild of A. sylvestris. Both
plant species are very common Umbelliferae but they differ in flowering time.

Anthriscus sylvestris- effectiveness of visitors

A larger flight distance is better for pollination: there is a higher chance for mixing
different gene pools. Sarcophaga sp. was the most favourable visitor, whereas E. livida was not
of much help at pollination in this view.

The lower the visitation speed, the more time is lost, that could have been used for
pollination. Empis livida and Cantharis sp. were significantly slower visitors than T. fabricia.
Visitors with a very high speed can be worse pollinators, because there is not much contact
between the animal and the stigmas, resuiting in less pollen deposition.

The lower the percentage visited umbellules per umbel, the more effective the behaviour
is for cross-pollination. Empis livida, Empis sp., E. diagramma, Helophilus yellow, E.
tenax/pertinax, Sarcophaga sp., Musca sp. and E. horticola were most favourable visitors for
pollination in this view. Eristalis arbustorum/abusivus, E. tessellata and T. fabricia were
intermediate, whereas Cantharis sp. was least favourable for pollination.

The Diptera small, Coleoptera and Scatophaga x carried the lowest number of pollen
grains, and were therefore the worst pollinators. Still, on average the small fly carried 407 pollen,
which could be enough for pollination. Eristalis sp., T. fabricia and Cantharis sp. carried the
highest number of pollen grains, and were therefore the best pollinators in this perspective. Insect
species with more homogeneous loads are more flower constant.

The pollen of A. sylvestris are so small, that transport or falling down by the wind is very
well possible. During the creation of slides, pollen can have reached the gel. Next time, from time
to time reference slides of the gel have to be made, to be sure of a clean gel.

The purity of the pollen loads of A. sylvestris stigmas could be due to counting errors:
estimations of large numbers can hide other pollen species.

The fluorescent dye powder experiment showed larger amounts of dye particles in the
south than in the north. Maybe smaller particles were counted, or the vegetation structure in the
verge was responsible for this strange outcome. Transportation by wind, either directly to the
powder or indirectly to the insects, is also a possibility. At 100 meters, fluorescent particles can
still be found. In one day, particles and or pollen can be transferred over this distance. Standard
deviations are rather large, so the graph has no prospecting value. The decrease of the total
number of fluorescent dye grains seems to be more smooth than the decrease of every colour
separately.

The decay of the fluorescent powder of A. sylvestris differed a little from the decay curve
of G. hederacea. On A. sylvestris, the values were lower at small distances from the source than



56

on G. hederacea. Further away, a decay could be seen, whereas the level stayed almost the
same on G. hederacea stigmas that were further away.

For the species that visit both A. podagraria and A. sylvestns, we can draw conclusions
about colour vision. Overlapping species were E. arbustorum/abusivus, Sarcophaga sp. and
Musca sp. Application of fluorescent dye powder seems to have an effect on visitation of insects.
However, this effect differs for different insect species. In total there is a preference for blank
umbels. Both yellow and white parts of yellow umbels seem to be of no preference.

Anthriscus sylvestris- important pollinators

It is a pity that polien deposition on A. sylvestris could not be measured. For the
effectiveness of A. sylvestris visitors, | will use the same method as described for G. hederacea.
The used traits are:

1. relative abundance (from transect observations), which together with the number of
umbellules visited per second gives the total number of visited umbeliules per second
by one insect species.

2. flight distance: a measure for the inbreeding chance

3. species specific (A. sylvestris) polien in the load.

| expect no negative effect on seed set of foreign polien because of their low frequencies. Insects
with too little values have been left out, otherwise averages were taken (italic script).

Table 9. An overview of indexed effectiveness values for Anthriscus sylvestris visitors. In
the case of missing values, averages were taken (italic script). Insects with too many missing
values have been left out.
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Empis tessellata 1 0.65 0.38 0.52 0.128
Eristalis tenax/pertinax 0.93 1 0.54 1 0.502
Syrphidae rest 0.25 0.58 0.57 0.46 0.038
Scatophaga stercoraria 0.32 0.58 0.57 0.37 0.039
Scatophaga x 0.19 0.58 0.57 0.17 0.011
Musca sp. 0.72 0.41 0.37 0.37 0.040
Diptera small 0.19 0.58 0.57 0.06 0.004
Cantharis sp. 0.72 0.24 1 0.89 0.154
Elateridae 0.21 0.58 0.57 0.48 0.033

Eristalis tenax/pertinax is in this method the most important pollinator on A. sylvestris.
Empis tessellata and Cantharis sp. were aiso important pollinators. If those species become
extinct, a pollination gap would appear, but this gap could be filled by a large range of other
visitors.

General
The composition of the flowering plant species differed much between verges and during
the season. The variation in visitors was so high that comparison between areas was difficuit.
The importance of flight distance can only be calculated when the average clone sizes of
the plant species and maybe even the genetical community structure are known. Because both
G. hederacea and A. sylvestris are self-compatible, this information is not so lmportant because
a pollen grain can germinate on any plant of the own species. Questions about importance of
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insects for reproduction can better be answered on species that do not reproduce clonally. The
problems a clonal species has to cope with (fitness) are of another level than the problems of a
strictly sexual reproducer (survival, then fitnesst).

It would be interesting to know, what the number of pollen produced per plant is: when
the total number of plants stays the same, at least one of the produced pollen should pollinate
another plant. Also, the total obtainable number of pollen per visit can be calculated.

The fluorescent dye powder experiment was done only once for both plant species. If a
pilot experiment had been done, we would have searched for a longer verge to make the tail of
the graph more complete. The fluorescent dye powder experiment was not safe, because the
former colour white consisted of green and orange particles. Next time, fluorescent dye powder
should be checked on purity before use. Another problem of the fluorescent dye powder was the
size of the particles. Some of them were really much smaller than others, and hardly visible. In a
view-screen with maybe 100 particles, it is difficult to estimate numbers of unequally sized
particles. Therefore, a colour should be used with equally sized particles, or the particles should
be sieved somehow. Another possibility is to only count particles larger than a certain minimal
particle size.

The interesting question about pollinator importance can only be solved when many
information is available on both the traits of visiting insects and the importance of those traits for
pollination.

To cope with questions about biodiversity changes, experiments are necessary. Some
plant species can be removed and what happens to the visitor guilds of other plant species can
be investigated. It would be interesting to see if an insect community as a whole can change its
preferences and visit the introduced plant species.
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Appendix B

31. Verge visitor composition 2000

Insect species visiting Glechoma hederacea
5 N=16 N=1
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Figure 31. Visiting insect species composition of G. hederacea and A.
sylvestris in the three research areas. Data for G. hederacea were
collected in May and June 2000 in all verges where G. hederacea
occurred. Data for A. sylvestris were collected in the fourth week of May
2000 in 9 selected verges (3 per area). (Hoffmann, unpublished data).

For G. hederacea, Stroomdal Drentse Aa had totally different visitation
than Bovensmilde and Ekehaar. This is due to only one observed insect. The
visitation on A. sylvestris can be compared more easily, though Drentse Aa had
less Apidae rest and Scatophagidae visitors than the other two areas.




Appendix C

32. Nectar production by Glechoma hederacea plant types

In contrast to figure 4, this figure shows the nectar production per hour by G. hederacea,
divided into female and hermaphroditic plant type.

32. Nectar production by Glechoma hederacea,
divided into plant types

Ofemale Mhermaphroditic
n= 0 26 10 22 0 8 0 0 0 47 22 4 6 56 3 26 12 21 4 20
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Figure 32. Nectar production by Glechoma hederacea, divided into plant types. Treatment
10 means 10 a.m., 12 means noon, 14 means 2 p.m., 16 means 4 p.m.. Nectar was depleted
at 4 p.m. the day before the nectar amount measurements. There are ten ‘treatments’, in
which the production periods and production times varied. Y error bars are standard
errors from the means. N is the number of investigated flowers. Thé homogeneity of
variances is 0.000. The chance that the means come from the same population is 0.071
(ANOVA). The means can be classified in one group (Tukey) with a probability of 0.721.

There was no significant difference between production by female and hermaphroditic G.
hederacea flowers.




Pollen grains

Appendix D

33. Pollen grains on Glechoma hederacea virgin pistils
Contrary to figure 16, this figure shows the number of deposited pollen grains on the first,
second and third stigmas.

33. Pollen grains on Glechoma hederacea virgin pistils

Pistil 1 B Pistil 2 O Pistil 3
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Figure 33. Pollen grains on Glechoma hederacea virgin pistils. Means plus standard errors
are shown. N is the number of stigmas.

Because no extra pollen grains can be taken up from the emasculated flowers and pollen
grains are lost during the first visit, the number of deposited pollen is expected to be highest at
the first stigma. The number of deposited pollen was not highest at the first stigma. Both female
and emasculated hermaphroditic plants were used. The error bars show, that the variation of
deposition is very large.
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Appendix E

Glechoma hederaceabreeding system experimental
hand poliination was done in the experimental garden

[Plant type ] Clone [ Mother plant_|
Hermaphroditic 19-1 1
Hermaphroditic 19-3 2
Hermaphroditic 13-3 3
Hermaphroditic 19-2 4
Hermaphroditic 18-2 5
Female 13-2 6
Female 18-1 7
Female 18-3 8

[Mother plant [Treatment number|Number of seeds

Mother plant ] Treatment number]Number of seeds |
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Appendix F

breeding system Glechoma hederacea field

Experiment in verge 34
Pollinated at 10 05 2001
Collected at 30 05 2001

Verge Plant type # seeds # seeds
extra pollination | control

34  hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic
34 hermaphroditic

34 female
34 female
34 female
34 female
34 female
34 female
34 female
34 female
34 female
34 female

—_ W =2 2 2 00NOELE 20BN ENOLONW—=LWNA
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34 female




Appendix G

Anthriscus sylvestris breeding system experimental
hand pollination was done in the experimental garden
population came from Manja's garden, Assen

a fruit can contain 2 seeds

[ Mother | Treatment] # treated umbeliules |

# possible fruits

[ # truits realised |

% realised of possible fruits |
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brown
dark green
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light green
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1
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21
24
52
15
19
28
39
30
31
35
22
31
13
13
25
21
32

5
315
1
9.5
4
1.5
19
26
5
2.5
7.5
13
16
5.5
35
15
6.5
15
5
2
6.5
45
12.5
5
25.5
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10
11
7.5
3.5
156.5
225
9.5
16
11.5

10

17.5

6.5
20

38.5
54.3
16.7
52.8
19.0
6.3
57.6
65.0
25.0
35.7
53.6
44.8
57.1
22.9
43.8
214
28.3
35.7
18.5
13.3
19.1
15.0
481
55.6
58.0
28.8
19.0
421
455
211
31.0
45.8
333
417
21.2
50.0
18.4
55.4
57.7
317
51.6
32.9
31.8
323
385
46.2
70.0
31.0
62.5




pot |inf.| fiower| time | treat-] mm. [microliter| nectar plant type
ment|nectar’| nectar | conc. 1=female
2=hermaphroditic
13.11 1 1 16:32 10 1 0.0313 1
13.21 1 1 12:16 1 0 0.0000 1
13.21 1 1 1625 5 0 0.0000 1
13.21 1 1 1017 7 0 0.0000 1
1331 1 1 12:08 1 0 0.0000 2
1331 1 1 16:19 5 1 0.0313 2
1331 1 1 10:09 7 1 0.0313 2
1332 1 1 16:38 3 7 0.2188 2
1332 1 1 1052 7 0 0.0000 2
18.11 1 1 11:59 1 3 0.0938 &8 1
18.11 1 1 16:113 5 0 0.0000 1
18.11 1 1 10:01 7 5 0.1563 1
18.12 1 1 12:35 1 0 0.0000 1
18.12 1 1 1639 5 3 0.0938 1
18.12 1 1 1058 7 1 0.0313 1
1931 1 1 16:00 3 3 0.0938 2
19.31 1 1 9:44 7 0 0.0000 2
13.11 2 1 1223 1 0 0.0000 1
13.11 2 1 1633 5 0 0.0000 1
13.11 2 1 1029 7 0 0.0000 1
13.21 2 1 16:29 10 1 0.0313 1
1331 2 1 16:21 10 1 0.0313 2
1332 2 1 16:38 10 0 0.0000 2
18.11 2 1 16:14 10 2 0.0625 1
18.12 2 1 16:40 10 0 0.0000 1
1931 2 1 11:47 2 1 0.0313 2
19.31 2 1 16:02 6 0 0.0000 2
19.31 2 1 9:45 7 0 0.0000 2
13.11 3 1 16:34 10 4 0.1250 1
13.21 3 1 1219 1 0 0.0000 1
1321 3 1 1630 5 3 0.0938 1
1321 3 1 10:20 7 2 0.0625 1
1331 3 1 1210 1 0 0.0000 2
1331 3 1 16222 5 1 0.0313 2
1331 3 1 10113 7 0.5 0.0156 2
18.11 3 1 1202 1 7.5 02344 W 1
18.11 3 1 16:115 5 0 0.0000 1
18.11 3 1 1005 7 5 0.1563 1
18.12 3 1 1323 2 0 0.0000 1
18.12 3 1 16145 6 0 0.0000 1
18.12 3 1 1102 7 2 0.0625 1
1931 3 1 16:03 10 4 0.1250 2
13.11 4 1 1225 1 0 0.0000 1
13.11 4 1 1635 5 0 0.0000 1
13.11 4 1 10:32 7 0 0.0000 1
1321 4 1 16:31 10 0 0.0000 1
1331 4 1 1623 10 0 0.0000 1
18.11 4 1 16:17 10 0 0.0000 1
18.12 4 1 16:46 10 2 0.0625 1
1931 4 1 1152 1 0 0.0000 2
19.31 4 1 16.04 5 3.5 0.1094 2
1931 4 1 949 7 0 0.0000 2
1311 5 1 16:36 10 0 0.0000 1
1321 § 1 12:20 1 0 0.0000 1
1321 5 1 1023 7 0 0.0000 1
18.12 5 1 1329 2 0 0.0000 1
18.12 § 1 16:48 6 2 0.0625 1
18.12 5 1 11:04 7 3.5 0.1094 &1 1
18.12 6 1 16:49 10 1 0.0313 1
18.12 7 1 13:41 2 0 0.0000 1
1812 7 1 1651 6 0 0.0000 1
18.12 7 1 11:10 7 3 0.0938 1
18.12 8 1 1652 9 0 0.0000 1
18.12 9 1 13:42 2 0 0.0000 1
18.12 9 1 1652 6 0 0.0000 1
1812 9 1 11:17 8 0 0.0000 1
18.12 10 1 16:53 10 0 0.0000 1
18.12 11 1 1653 6 1 0.0313 1
18.12 11 1 1343 9 0 0.0000 1
13.11 1 2 12222 1 0 0.0000 1
13.11 1 2 1632 5 0 0.0000 1
13.11 1 2 1028 7 0 0.0000 1
13.21 1 2 16225 5 9 0.2813 1
1321 1 2 12:16 8 15 0.0469 1
1331 1 2 16119 5 0 0.0000 2
13.31 1 2 12.09 8 0 0.0000 2
1332 1 2 1638 5 1 0.0313 2

Appendix H

nectar Glechoma hederacea

pot nurnbers e.g.: 13.21; 13 = mother verge

2 = site in mother verge
1= pot number

plants had been netted in the experimental garden
from 14 05 2001 16:00 plants in greenhouse
date of measurements: 15 05 2001

*in 1 microliter capillary, 32 mm

conc. = concentration; inf.=inflorescence

Treatment legend

10to 12
10to 14
10to 16
12to 14
12to 16
14 to 16
16to 10
16to 12
16to 14
16to 16

COWoONOUHEWN =

Py

treatment 10 to 12 means: depleted at 10 a.m.,

nectar measured at 12 a.m.

no value means not observed
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date treat- |pot| whorl | flower | mm. |microliter| sugar i
yyyymmdd| ment nectar’| nectar ] conc. Appendlx l
20010516 10to 12 1 1 1 3 0.1875
20010516 10to 12 2 1 1 15 0.9375 36 ;
20010516 10t012 3 1 1 3 01875 nectar Lamium album
20010516 10to 12 4 1 1 14 0.8750 51
20010516 10to12 3 1 6 0 0.0000 source of plants: Manja's garden
20010516 10to 12 1 2 1 16 1.0000 40 . "
20010516 101012 2 5 1 19 11875 o8 plants had been netted in the experimental garden
20010516 10to12 3 2 1 15 09375 37 . .
20010516 101012 4 > 1 16 10000 44 from 15 05 2001 16:00 plants in greenhouse
20010516 10to12 5 2 1 3 0.1875 .
50010516 101012 4 > 6 1 06875 42 date of measurements: 16 05 2001
20010516 10to12 5 3 1 4 0.2500 . : . .
20010516 101012 5 2 6 5 03125 in 2 microliter capillary, 32 mm
20010516 10to 14 1 1 3 4 0.2500 ;
20010516 10t014 2 1 3 28 17500 41 COnc.=concentration
20010516 10to 14 3 1 3 47 29375 36
20010516 10to 14 4 1 3 9 0.5625
20010516 10to 14 5 1 4 8 0.5000
20010516 10to14 3 1 8 3 0.1875
20010516 10to 14 1 2 3 47 29375 37
20010516 10to14 2 2 3 6 0.3750 Treatment legend
20010516 10to14 3 2 3 18 1.1250 41 1 10to 12
20010516 10to 14 4 2 3 17 1.0625 47 2 1010 14
20010516 10to 14 5 2 3 0 0.0000 3 10to 16
20010516 10to 14 4 2 8 48 3.0000 41 4 121014
20010516 10to14 5 2 8 2 0.1250 5 1210 16
20010516 10to14 5 3 3 31 19375 39 6 1410 16
20010516 10t0o 16 5 1 1 5 0.3125 7 1610 10
20010516 10to 16 1 1 5 94 58750 32 8 16 t0 12
20010516 10t016 2 1 5 52 32500 31 9 16 to 14
20010516 10to 16 3 1 5 15 0.9375 30 10 16 t0 16
20010516 10to 16 4 1 5 20 12500 42
20010516 10to 16 5 1 6 2 0.1250 .
20010516 101016 3 1 10 24 15000 a3 treatment 10 to 12 means: depleted at 10 a.m.,
20010516 10to 16 1 2 5 45 2.8125 21
20010516 10t016 2 2 5 3 01875 nectar measured at 12 a.m.
20010516 10to16 3 2 5 14 0.8750 26
20010516 10to 16 4 2 5 22 1.3750 37
20010516 10to16 5 2 5 18 1.1250 37 :
20010516 10to16 4 2 10 29 18125 32 no value means not observed
20010516 12to 14 1 1 1 0 0.0000
20010516 12to 14 2 1 1 12 0.7500
20010516 12to14 3 1 1 2 0.1250
20010516 12to 14 4 1 1 26 1.6250 50
20010516 12to 14 1 2 1 41 25625 36
20010516 12to 14 2 2 1 11 0.6875
20010516 12to 14 3 2 1 1 0.0625
20010516 12to 14 4 2 1 25 15625 40
20010516 12to14 5 2 1 1 0.0625
20010516 12to 14 4 2 6 25 1.5625 43
20010516 12to14 5 2 6 4 0.2500
20010516 12to14 5 3 1 2 0.1250
20010516 12to16 1 1 2 11 0.6875
20010516 12to16 3 1 2 3 0.1875
20010516 12t0 16 4 1 2 28 1.7500 45
20010516 12to16 5 1 2 20 1.2500 40
20010516 12to16 3 1 7 31 1.9375 35
20010516 12to 16 1 2 2 15 0.9375 14
20010516 12to 16 2 2 2 20 1.2500 21
20010516 12to16 3 2 2 3 0.1875
20010516 12t0o 16 4 2 2 8 0.5000
20010516 12to16 5 2 2 12 0.7500
20010516 12to16 4 2 7 25 1.5625 29
20010516 12to 16 2 1 2 18 1.1250 15
20010516 14to 16 1 1 1 0 0.0000
20010516 14to16 2 1 1 2 0.1250

20010516 14to16 3 1 1 3 0.1875
20010516 14to16 4 1 1 9 0.5625
20010516 14to 16 1 1 4 43 2.6875 45

20010516 14to 16 2 1 4 8 0.5000

20010516 14to16 4 1 4 3 0.1875
20010516 14to16 5 1 4 7 0.4375
20010516 14t016 3 1 9 3 0.1875

20010516 14to 16 1 2 1 2 0.1250

20010516 14to16 2 2 1 3 0.1875

20010516 14to16 3 2 1 0 0.0000

20010516 14to16 4 2 1 3 0.1875

20010516 14t016 5 2 1 0 0.0000
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no value means;not(hing) observed

Appendix L

transect observations Glechoma hederacea

inf.=inflorescences

date verge time plant species # insect species #
yyyymmdd inf. insects
20010502 2 15:30 Cardamine pratensis 12 Melanostoma sp./Platycheirus sp. 1
20010502 2 15:30 Glechoma hederacea female 110 Bombus pascuorum 1
20010502 2 15:30 Glechoma hederacea female 110  Inachis io 1
20010502 2 15:30 Glechoma hederacea hermaphroditic 600 Bombus pascuorum 1
20010502 2 15:30 Taraxacum officinale 12 Symhidae 1
20010502 5 15:00-15:20 Syrphidae (hommelzw) 1
20010502 5 15:00-15:20 Hymenoptera (koekhom) 2
20010502 5  15:00-15:20 Taraxacum officinale 89  Formicoidea il
20010502 5 15:00-15:20 Taraxacum officinale 89 Apis mellifera 1
20010502 5 15:00-15:20 Taraxacum officinale 89 Apidae small 1
20010502 5 15:00-15:20 Taraxacum officinale 89 Enistalis arbustorum 1
20010502 9 14:45 Glechoma hederacea female 5 Bombus pascuorum 1
20010502 9 14:45 Taraxacum officinale 75 Apis meliifera 1
20010502 9 14:45 Taraxacum officinale 75 Enistalis sp. 2
20010502 9 14:45 Taraxacum officinale 75 Helophilus sp. 1
20010502 9 14:45 Taraxacum officinale 75 Scatophaga stercorana 1
20010502 12 14:00 Taraxacum officinale 194  Formicoidea 1
20010502 12 14:00 Taraxacum officinale 194  Apis mellifera 1
20010502 12 14:00 Taraxacum officinale 194  Bibio sp. 4
20010502 12 14:00 Taraxacum officinale 194  Enstalis sp. 1
20010502 17 13:45-13:50 Glechoma hederacea hermaphroditic 348 Bombus pascuorum
20010502 17  13:45-13:50 Taraxacum officinale 367 Bibio sp. 6
20010502 17 13:45-13:50 Taraxacum officinale 367 Gymnochaeta vindis 1
20010502 17 13:45-13:50 Taraxacum officinale 367 Scatophaga stercorana 24
20010502 17 13:45-13:50 Taraxacum officinale 367 Syrmphidae 1
20010502 18 13:30-13:35 Glechoma hederacea temale 1552 Apis mellifera 3
20010502 25 11:00 Taraxacum officinale 78 Formicoidea 3
20010502 25 11:00 Taraxacum officinale 78  Bibio sp. 2
20010502 26 11:30 Taraxacum officinale 108  Apis mellifera 1
20010502 26 11:30 Taraxacum officinale 108 Bibio sp. 1
20010503 19.5 14:15 Glechoma hederacea female 400  Apis meliifera 4
20010503 19.5 14:15 Glechoma hederacea female 400 Melanostoma sp./Platycheirus sp. 2
20010503 195 14:15 Glechoma hederacea hermaphroditic 5000 Apis meliifera 1
20010503 195 14:15 Glechoma hederacea hermaphroditic 5000 Bombus pascuorum 4
20010503 19.5 14:15 Glechoma hederacea hermaphroditic 5000 Enstalis sp. 1
20010503 19.5 14:15 Glechoma hederacea hermaphroditic 5000 Helophilus sp. 1
20010503 195 14:15 Glechoma hederacea hermaphroditic 50000 Melanostoma sp./Platycheirus sp. 1
20010503 195 14:15 Glechoma hederacea hermaphroditic 5000 Rhingia campestris 7
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473  Bombus pascuorum 1
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473 Bombus pascuorum 1
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473  Melanostoma sp./Platycheirus sp. 1
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473  Rhingia campestris 2
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473  Diptera small brown 2
20010508 17 10:45-11:08 Glechoma hederacea hermaphroditic 473  Diptera small black 2
20010508 18 14:01 Taraxacum officinale 1598 Diptera small 1
20010508 18 14:01 Taraxacum officinale 1598 Diptera small 1
20010508 18 14:01 Taraxacum officinale 1598 Diptera small 8
20010508 18.5 14:01 Glechoma hederacea female 1552 Bombus pascuorum 1
20010508 18.5 14:01 Glechoma hederacea female 1916 Bombus sp. 1
20010508 18.5 14:01 Lamium album 281 Bombus pascuorum 2
20010508 18.5 14:01 Lamium album 281  Bombus terrestns 1
20010508 185 14:01 Lamium album 281  Rhingia campestnis 2
20010508 19.5 15:27-15:35 Glechoma hederacea hermaphroditic 5840 Bombus sp. 1
20010508 19.5 15:27-15:35 Glechoma hederacea hermaphroditic 5840 Helophilus sp. 2
20010508 19.5 15:27-15:35 Glechoma hederacea hermaphroditic 5840 Rhingia campestns 11
20010509 2 10:24 Glechoma hederacea hermaphroditic 690 Melanostoma sp./Platycheirus sp. 4
20010509 2 10:24 Glechoma hederacea hermaphroditic 690 Melanostoma sp./Platycheirus sp. 1
20010509 5 15:13 Glechoma hederacea hermaphroditic 0
20010509 40 12:11 Glechoma hederacea hermaphroditic 760 Bombus pascuorum 1
20010510 26 13:57-14:09 Glechoma hederacea female 15 0
20010510 26 13:57-14:09 Glechoma hederacea hermaphroditic 65 Rhingia campestris 1
20010510 26.5 13:57-14.09 Glechoma hederacea female 4 0
20010510 26.5 13:57-14:09 Glechoma hederacea hermaphroditic 76 0
20010510 27 11:38-11:41 Glechoma hederacea temale 95 0
20010510 27 11:38-11:41 Glechoma hederacea hermaphroditic 0 0
20010510 27.5 11:42-11:44 Glechoma hederacea female 49 0
20010510 27.5 11:42-11:44 Glechoma hederacea hermaphroditic 1 0
20010510 34 9:32 Glechoma hederacea female 154 0
20010510 34 9:32 Glechoma hederacea hermaphroditic 42 0
20010510 25+25.f 14:50-15:05 Glechoma hederacea female 159 0
20010510 25+25.t 14:50-15:05 Glechoma hederacea hermaphroditic 51 Rhingia campestris 1




date verge time # insect species # insects
yyyymmdd| s=south umbels
n=north

20010605 g5 9:51 820 Cantharis sp. 4
20010605 35 9:51 820 Coleoptera green 1
20010605 35 9:51 820 Elateridae 1
20010605 35 9:51 820 Elateridae 1
20010605 35 9:51 820 Empis small 2
20010605 35 9:51 820 Empis diagramma 1
20010605 35 9:51 820 Empis tessellata 10
20010605 35 9:51 820 Eristalis horticola 3
20010605 35 9:51 820 Eristalis tenax/pertinax 7
20010605 35 9:51 820 Musca sp. 3
20010605 35 9:51 820 Scatophaga stercoraria 5
20010605 35 9:51 820 Scatophaga x 1
20010605 35 9:51 820 Symphvta 1
20010605 35 10:03 820 Cantharis sp. 5
20010605 35 10:03 820 Cantharis sp. 4
20010605 35 10:03 820 Diptera small black 1
20010605 35 10:03 820 Elateridae 1
20010605 35 10:03 820 Empis small 3
20010605 35 10:03 820 Empis diagramma 3
20010605 35 10:03 820 Empis tessellata 7
20010605 35 10:03 820 Eristalis arbustorum 2
20010605 35 10:03 820 Eristalis tenax/pertinax 2
20010605 35 10:03 820 Maniola jurtina 1
20010605 35 10:03 820 Musca sp. 6
20010605 35 10:03 820 Sarcophaqa sp. 1
20010605 35 10:03 820 Scatophaga stercoraria 11
20010605 35 10:03 820 Scatophaga x 4
20010605 35 10:03 820 Symphyta large 1
20010605 35 10:03 820 Tachina fabricia 1
20010529 20.5n 11:06 Cantharis sp. 2
20010529 20.5n 11:06 Coleoptera (rozenkever) 1
20010529 20.5n 11:06 Coleoptera oranqge 1
20010529 20.5n 11:06 Diptera small black 3
20010529 20.5n 11:06 Diptera small brown 3
20010529 20.5n 11:06 Empis tessellata 2
20010529 20.5n 11:06 Heteroptera 1
20010529 20.5n 11:06 Musca domestica 1
20010529 20.5n 11:06 Musca domestica 3
20010529 20.5n 11:06 Scatophagqa stercoraria 1
20010529 20.5n 11:06 Syrphidae small 1
20010529 20.5n 12:00 Bibio sp. 2
20010529 20.5n 12:00 Cantharis sp. 1
20010529 20.5n 12:00 Cantharis sp. 4
20010529 20.5n 12:00 Cantharis sp. 2
20010529 20.5n 12:00 Diptera small brown 1
20010529 20.5n 12:00 Diptera y 2
20010529 20.5n 12:00 Elateridae 3
20010529 20.5n 12:00 Empis tessellata 3
20010529 20.5n 12:00 Eristalis tenax/pertinax 1
20010529 20.5n 12:00 Helophilus trivittatus 2
20010529 20.5n 12:00 Tipulidae 1
20010529 20.5n 12:00 Musca sp. 2
20010529 20.5n 12:00 Symphyta black 2
20010529 20.5n 13:20 Cantharis sp. 4
20010529 20.5n 13:20 Cantharis sp. 1
20010529 20.5n 13:20 Diptera small black 1
20010529 20.5n 13:20 Diptera small brown 2
20010529 20.5n 13:20 Diptera y 1
20010529 20.5n 13:20 Empis tessellata 4
20010529 20.5n 13:20 Eristalis tenax/pertinax 1
20010529 20.5n 13:20 Heteroptera 1
20010529 20.5n 13:20 Musca sp. 2
20010529 20.5n 13:20 Scatophaga stercoraria 1
20010529 20.5n 13:20 Symphyta red back 1
20010529 20.5n 14:05 Cantharis sp. 4
20010529 20.5n 14:05 Cantharis sp. 1
20010529 20.5n 14:05 Elateridae 2
20010529 20.5n 14:05 Empis tessellata 10
20010529 20.5n 14:05 Eristalis arbustorum 2
20010529 20.5n 14:05 Eristalis tenax/pertinax 5
20010529 20.5n 14:05 Syrphidae (hommelzw) 1
20010529 20.5n 15:05 Araschnia levana prorsa 1
20010529 20.5n 15:05 Cantharis sp. 4
20010529 20.5n 15:05 Empis livida 1
20010529 20.5n 15:05 Formicoidea 1
20010529 20.5n 15:05 Heteroptera 1

Appendix M

transect observations Anthriscus sylvestris

All observed visits were on A.sylvestris

no value means:not counted
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Musca sp.

Musca sp.
Scatophaga stercoraria
Scatophaga x
Curculionidae grey
Syrphidae giant
Syrphidae smali

Bibio sp.

Bibio sp.

Cantharis sp.
Cantharis sp.
Elateridae

Empis livida

Empis tessellata
Eristalis tenax/pertinax
Helophilus trivittatus
Musca sp.
Scatophaga x
Symphyta black 1 cm
Tachina fabricia
Cantharis sp.
Curculionidae

Diptera small brown
Empis tessellata
Eristalis horticola
Eristalis tenax/pertinax
Heteroptera

Musca sp.

Cantharis sp.
Canthans sp.

Diptera small black
Elateridae

Empis livida

Empis tessellata
Enistalis arbustorum
Eristalis horticola
Enistalis tenax/pertinax
Helophilus trivittatus
Musca sp.
Sarcophaga sp.
Tachina fabricia
Araschnia levana prorsa
Cantharis sp.
Cantharnis sp.

Empis livida

Empis diagramma
Empis tessellata
Eristalis arbustorum
Eristalis tenax/pertinax
Helophilus trivittatus
Heteroptera

Musca sp.
Scatophaga x
Araschnia levana prorsa
Cantharis sp.
Cantharis sp.
Elateridae

Empis diagramma
Empis tessellata
Eristalis arbustorum
Eristalis horticola
Eristalis tenax/pertinax
Helophilus trivittatus
Heteroptera

Musca sp.
Sarcophaga sp.
Scatophaga x
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Appendix Q

pollen load slides

slide date verge| time insect # target] # rest | total # | fraction #
yyyymmdd species pollen | pollen | pollen | target | pollen
grains | grains | grains | pollen species
35 20010521 5 12:30 Musca sp. 0 12 12 0.00 3
36 20010521 5  12:30 Scatophaga stercoraric 0 9 9 0.00 4
37 20010523 36 Empis tessellata 2372 76 2448 0.97 9
38 20010523 36 Empis diagramma 2130 25 2155 0.99 4
39 20010523 36 Empis tessellata 4120 38 4158 0.99 5
40 20010523 36 Empis tessellata 1042 13 1055 0.99 5
41 20010523 36 Empis livida 1625 48 1673 0.97 6
42 20010523 36 Empis diagramma 2055 26 2081 0.99 i
43 20010523 36 Empis livida 1165 93 1258 0.93 9
44 20010523 36 Empis livida 1036 115 1151 0.90 10
45 20010523 36 Gymnochaeta viridis 1219 49 1268 0.96 6
46 20010523 36 Empis tessellata 2440 4 2444 1.00 4
47 20010523 36 Helophilus yellow 2560 9 2569 1.00 5
48 20010523 36 Diptera small black 255 20 275 0.93 6
49 20010523 36 Eristalis horticola 4841 98 4939 0.98 11
50 20010523 36 Empis livida 4467 62 4529 0.99 9
51 20010523 36 Gymnochaeta viridis 2972 27 2999 0.99 10
52 20010523 36 Lepidoptera 669 28 697 0.96 6
53 20010523 36 Empis tessellata 4946 12 4958 1.00 5
54 20010523 36 Helophilus yellow 3526 70 3596 0.98 10
55 20010523 36 Empis diagramma 2430 44 2474  0.98 6
56 20010523 36 Diptera small black 764 27 791 0.97 9
57 20010523 36 Coleoptera green 1000 73 1073 0.93 8
58 20010523 36 Musca sp. 891 11 902 0.99 5
59 20010523 36 Diptera 4369 9 4378 1.00 4
60 20010523 36 Empis tessellata 3143 104 3247 0.97 8
61 20010523 36 Empis livida 340 21 361 0.94 7
62 20010523 36 Eristalis sp. 515 14 529 0.97 6
63 20010523 36 Symphyta 1050 20 1070 0.98 9
64 20010523 36 Empis tessellata 1863 35 1898 0.98 10
65 20010523 36 Gymnochaeta viridis 1556 181 1737  0.90 11
66 20010523 36 Sarcophaga sp. 1743 30 1773 0.98 11
67 20010523 36 Empis livida 4465 137 4602 0.97 10
68 20010523 36 Gymnochaeta viridis 405 89 494 0.82 10
69 20010523 36 Musca sp. 4390 42 4432 099 6
70 20010523 36 Gymnochaeta viridis 2890 42 2932 0.99 7
71 20010523 36 Empis tessellata 3938 42 3980 0.99 7,
72 20010523 36 Gymnochaeta viridis 3164 88 3252 0.97 11
73 20010523 36 Empis diagramma 2050 62 2112 0.97 9
74 20010523 36 Empis tessellata 4608 16 4624 1.00 5
75 20010523 36 Scatophaga x 1726 24 1750 0.99 4
76 20010523 36 Empis tessellata 2190 34 2224 0.98 6
77 20010523 36 Tachina fabricia 3262 26 3288 0.99 5
78 20010523 36 Tachina fabricia 3490 112 3602 0.97 8
79 20010523 36 Eristalis horticola 7350 808 8158 0.90 8
80 20010523 36 Eristalis sp. 4112 72 4184  0.98 9
81 20010523 36 Lepidoptera 478 60 538 0.89 8
82 20010523 36 Eristalis sp. 1860 46 1906 0.98 9
83 20010523 36 Empis diagramma 4440 176 4616 0.96 9
84 20010523 36 Cantharis sp. 2832 56 2888 0.98 4
85 20010523 36 Scatophaga x 732 34 766 0.96 7
86 20010523 36 Diptera small biack 288 46 334 0.86 7
87 20010523 36 Diptera small black 218 10 228 0.96 6

Anthriscus sylvestris

[ no value = not observed |
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95
96
150a
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20010523
20010523
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20010605
20010605
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36
36
36
36
36
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36
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36
36
36
36
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36
36
36
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36
36
36

Empis diagramma
Empis livida
Heteroptera small
Empis livida
Tachina fabricia
Gymnochaeta viridis
Empis diagramma
Elateridae

Empis diagramma
Lepidoptera
Eristalis horticola
Empis diagramma
Cantharis sp.
Helophilus black
Empis tessellata
Empis tessellata
Elateridae

Scatophaga stercoraria

Empis tessellata
Eristalis horticola
Coleoptera green

Scatophaga stercoraria

Eristalis horticola
Symphyta
Cantharnis sp.
Elateridae
Eristalis arbustorum
Helophilus yellow
Eristalis horticola
Scatophaga x
Scatophaga x
Cantharis sp.
Scatophaga x
Scatophaga x
Scatophaga x
Cantharis sp.
Empis diagramma
Scatophaga x
Scatophaga x
Eristalis horticola
Eristalis arbustorum
Scatophaga x
Eristalis horticola

1088
4894
856
2098
10372
3106
1972
1592
2692
5084
7984
980
1460
4147
2600
8388
668
992
1163
10844
972
6040
5656
2632
10640
128
856
1576
11840
840
1024
11840
1144
408
1320
1360
2160
232
2392
9096
3184
832
9976

16
110
18
78
148
62
66
42
30
78
148

16
1196
256
112
68
28
16
416
40
30
64
16
40

48
64
3352
56
32
16
40
32
64
24
48

32
96
528
64
644

1104
5004
874
2176
10520
3168
2038
1634
2722
5162
8132
988
1476
5343
2856
8500
736
1020
1179
11260
1012
6070
5720
2648
10680
128
904
1640
15192
896
1056
11856
1184
440
1384
1384
2208
240
2424
9192
3712
896
10620

0.99
0.98
0.98
0.96
0.99
0.98
0.97
0.97
0.99
0.98
0.98
0.99
0.99
0.78
0.91
0.99
0.91
0.97
0.99
0.96
0.96
1.00
0.99
0.99
1.00
1.00
0.95
0.96
0.78
0.94
0.97
1.00
0.97
0.93
0.95
0.98
0.98
0.97
0.99
0.99
0.86
0.93
0,94
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shde # red ¥ yeliow | #green | totai® plant type
e=east | particles | particles | particles | particles 1=female
< 2=hermaphroditic
0.5-1a 664 12 74 750 f
0.5-1b 52 6 28 86 2
0.5-2a 2246 2470 50 4766 2
0.5-2b 2 4 18 24 2
0.5-3a 38 350 14 402 1
0.5-3b 46 254 14 314 1
0.54a 370 128 14 512 1
0.54b 44 2032 28 2104 1
0.5-5a 2 16 6 24 1
0.5-5b 46 50 12 108 1
1-1a 33 16 7 56 2
1-1b 32 156 50 238 2
1-2a 13 11 10 34 2
1-2b 12 22 1 45 2
1-3a 45 6 15 66 1
1-3b 15 7 7 93 1
1-4a 18 5 5 28 ?
1-4b 14 60 10 84 ?
1-5a 11 16 4 31 2
1-5b 15 29 23 67 2
2-1a 15 15 20 50 ?
2-1b 35 19 18 72 ?
2-2a 2 3 13 18 ?
2-2b 8 2 5 15 ?
2-3a 7 3 9 19 ?
2-3b 12 27 18 7 ?
2-4a 1 3 6 10 2
2-4b 1 2 4 17 2
2-5a 11 13 2 26 ?
2-5b 10 11 4 25 ?
4-1a 23 33 20 76 2
4-1b 10 10 15 35 2
4-2a 52 55 41 148 ?
4-2b 4 34 38 76 ?
4.3a 10 12 8 30 1
4.3b 35 7 5 47 1
4-4a 19 184 134 337 1
4-4b 25 30 10 65 1
4-5a 3 2 5 10 1
4-5b 36 12 56 104 1
8-1a 19 16 16 51 2
8-1b 9 15 20 44 2
8-2a 36 1 18 65 1
8-2b 12 3 8 23 1
8-3a 11 10 S 26 1
8-3b 12 17 12 41 1
8-4a 12 22 6 40 1
8-4b 52 56 41 149 1
8-5a 57 91 35 183 1
8-5b 9 12 10 31 1
16-1a 14 15 7 36 1
16-1b 15 5 11 31 1
16-2a 26 52 24 102 1
16-2b 52 92 42 186 1
16-3a 56 40 28 124 1
16-3b 131 103 g 305 1
16-4a 28 27 13 68 1
16-4b 13 14 27 54 1
16-5a 29 19 20 68 1
16-5b 5 14 12 31 1
32-1a 63 58 13 134 1
32-1b 9 7 7 23 1
32-2a 43 140 67 250 1
32-2b 6 10 5 21 1
32-3a 74 70 25 169 1
32-3b 0 5 7 12 1
32-4a 65 60 36 161 1
32-4b 54 105 59 218 1
32-5a 132 79 66 277 1
32-5b 2 3 7 12 1
64-1a 28 11 24 63 2
64-1b 12 3 6 21 2
64-2a 35 22 19 76 2
64-2b 42 35 31 108 2
64-3a 15 14 24 53 2
64-3b 93 58 32 183 2
64-4a 1 4 5 10 1
64-4b 8 5 5 18 1
64-5a 15 6 6 27 1
64-5b 5 3 2 10 1
e10-1a 75 92 30 197 2
e10-1b 25 44 20 89 2
e10-2a 41 44 28 113 2
e10-2b 24 45 14 83 2
e10-3a 67 88 19 174 2
e10-3b 45 14 22 81 2
e10-4a 9 7 10 26 2
e10-4b 43 12 13 68 2
e10-5a 19 67 1 97 2
e10-5b 5 21 5 31 2
el16-1a 15 13 6 34 2
e16-1b 63 35 23 121 2
e16-2a 4 12 5 21 2
e16-2b 11 3 26 40 2
e16-3a 11 16 2 29 2
e16-3b 10 4 13 27 2
e16-4a 4 8 0 12 2
e16-4b 7 6 2 15 2
e16-5a 17 10 2 29 2
e16-5b 3 8 7 18 2

Appendix S

fluorescent dye powder Glechoma hederacea
* first number is location indication (m).
(source.at 0.5)

a=left side of slide, b=right side of slide
Applicated in verge 18 at 29 05 2001
Collected on 30 05 2001

Colours as seen under the UV microscope




slide
n=north
z=south
O-1a
0-1b
0-2a
0-2b
0-3a
0-3b
0-4a
0-4b
0-5a
0-5b
0-6a
0-6b
0-7a
0-7b
0-8a
0-8b
0-9a
0-9b
0-10a
0-10b
z4-1a
24-1b
24-2a
z4-2b
24-3a
z4-3b
24-4a
24-4b
24-5a
z4-5b
25-1a
z5-1b
z5-2a
25-2b
25-3a
25-3b
25-4a
25-4b
25-5a
25-4b
z10-1a
210-1b
210-2a
210-2b
210-3a
210-3b
210-4a
210-4b
210-5a
210-5b
20-1a
20-1b
20-2a
z20-2b
z20-3a
z20-3b
220-4a
220-4b
z20-5a
220-5b
z40-1a
240-1b
240-2a
240-2b
240-3a
240-3b
240-4a
240-4b
240-5a
240-5b
275-1a
275-1b
275-2a
275-2b
275-3a
275-3b
275-4a
275-4b
275-5a
275-5b
z100-1a
z100-1b
2100-2a
2100-2b
2100-3a
2100-3b
z100-4a
2100-4b
2100-5a
2100-5b
ni-1a
nl-1b
n1-2a
n1-2b
n1-3a
n1-3b
ni-4a
n1-4b
n1-5a
n1-5b
n2-1a
n2-1b

#
red
article:

82
143
382
225
293
281

960
480
5896
24
120
8

88
376
1040
2512

ISE 4=

-
w

rorgaBR¥nvnvooconnvogBBoe

#
yellow
articles

6000
2260
1190
1068
2577
2726
5151
856
128
1328
176
192
2064
56
17232
6784
392
2768
24
776
16
112
72
104
112

318

#
green

articles

175
97
1240
3504
1011
679
1923
792
3960
2208
96
120
160
12
2816
2960
1408
18000
48
424
16
32
120
48
152
786
16
21
40
80
91
215
4
80
42
36
66
84
14
264
208

total
#

articies

6257
2500
2812
4797
3881
3686
7074
2608
4568
9432
296

Appendix T

fluorescent dye powder Anthriscus Sylvestris
* first number gives distance from 0 (m).

0 is the source

a=left side of slide, b=right side of slide
Applicated in verge 20.5 at 29 05 2001
Collected on 29 05 2001

Colours as seen under the UV microscope
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Appendix V

weather conditions during observation days (estimated)

|date [time [temperature (°C)|{wind |sky o
20010508 10:45-11:08 13 cloudy/sunny
20010508 14:44-15:12 16 starts
20010509 14:49 19 very
20010509 10:24 16 yes sunny
20010509 10:55 16 very
20010509 12:22 17 yes sunny
20010510 9:35-11:18 16 yes
20010510 11:38-12:56 20 yes sunny
20010510 13:57-14:37 24 yes sunny
20010510 14:50 24 yes
20010605 10:50-11:30 18 yes
20010605 12:00-12:40 17 cloudy
20010521 13:15-14:37 12+ cloudy and sunny

20010521 14:54 15+ cloudy



Page

13
14
15
16
17
18
20
21
22
24
25
26

27

28
30
31
32/33
32/33
32/33
34
36
37
38
39
41
42
43
44/45
44/45
44/45
46
47
50
Ap.B
Ap.C
Ap.D
12
23
29
40
44
49
53
53

54
56

Appendix W

List of figures and tables

Figure 1. Research area

Figure 2. Breeding system of Glechoma hederacea

Figure 3. Seed set Glechoma hederacea in the field

Figure 4. Nectar production by Glechoma hederacea

Figure 5. Nectar production by Lamium album

Figure 6. Sugar concentration of Lamium album nectar

Figure 7. Fraction of visited Glechoma hederacea visitors

Figure 8. Visitors on Glechoma hederacea

Figure 9. Visitors on Glechoma hederacea in three different areas

Figure 10. Flight distances of Glechoma hederacea visitors

Figure 11. Visitation speed of Glechoma hederacea visitors, data from following observations
Figure 12. Visitation speed of Glechoma hederacea visitors, data from plot observations
Figure 13. Percentage visited flowers per Glechoma hederacea inflorescence, data from following
observations

Figure 14. Percentage visited flowers per Glechoma hederacea inflorescence, data from plot
observations

Figure 15. Pollen loads of Glechoma hederacea visitors

Figure 16. Pollen deposition on virgin Glechoma hederacea pistils

Figure 17. Pollen species on Glechoma hederacea pistils

Figure 18a. Red fluorescent dye powder on Glechoma hederacea

Figure 18b. Yellow fluorescent dye powder on Glechoma hederacea

Figure 18c. Green fluorescent dye powder on Glechoma hederacea

Figure 19. Breeding system of Anthriscus sylvestris

Figure 20. Relative abundance of the main Anthriscus sylvestris visitors

Figure 21. Visitors on Anthriscus sylvestris

Figure 22. Visitors on Aegopodium podagraria

Figure 23. Flight distances of Anthriscus sylvestris visitors

Figure 24. Visitation speed of Anthriscus sylvestris visitors

Figure 25. Percentage visited umbellules per Anthriscus sylvestris umbel

Figure 26. Pollen loads of Anthriscus sylvestris visitors

Figure 27a. Red fluorescent dye powder on Anthriscus sylvestris

Figure 27b. Yellow fluorescent dye powder on Anthriscus sylvestris

Figure 27c. Green fluorescent dye powder on Anthriscus sylvestris

Figure 28. Visitors on Aegopodium podagraria umbels with fluorescent dye powder

Figure 29. Fraction of insect visitors with different specialisation levels

Figure 30. Visitor guild composition Glechoma hederacea

Figure 31. Verge visitor composition 2000

Figure 32. Nectar production by Glechoma hederacea, divided into plant types

Figure 33. Pollen grains on Glechoma hederacea virgin pistils

Table 1. Flowers in verges

Table 2. Maximum flight distance between inflorescences of Glechoma hederacea visitors
Table 3. Characteristics pollen loads of Glechoma hederacea visitors

Table 4. Maximum flight distance between umbels of Anthriscus sylvestris visitors

Table 5. Fraction Anthriscus sylvestris pollen in the pollen loads of Anthriscus sylvestris visitors.
Table 6. An overview of traits of visiting insect species on Glechoma hederacea

Table 7a. An overview of indexed effectiveness values for Glechoma hederacea female visitors
Table 7b. An overview of indexed effectiveness values for Glechoma hederacea hermaphroditic
visitors

Table 8. An overview of traits of visiting insect species on Anthriscus sylvestris

Table 9. An overview of indexed effectiveness values for Anthriscus sylvestris visitors



Appendix X

Glechoma hederacea
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Hondsdraf (Glechoma hederacea)

A bloemstengel met tweeslachtige bloemen; B bloemstengel met vrouwelijke bloemen; C vrouwelijke bloem; D
tweeslachtige bloem; E meeldraden; F stuifmeelkorrel (stephanocolpaat): 1 polair, 2 equatoriaal, 3
korreloppervlak; G stamper; H vruchtbeginsel met nectarium; | stempels; J nootje.
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Anthriscus sylvestris
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Thesis description

Pollination effectiveness of insect visitors on Lamium album,
Glechoma hederacea (Lamiaceae) and Anthriscus sylvestris

(Umbeliiferae)

Research Proposal by Maaike de Vlas, March-September 2001
Supervisors: Manja Kwak & Frank Hoffmann, Laboratory of Plant Ecology

Introduction

In Northwest Europe, 80% of the flora is pollinated by insects. This part of the flora is said
to be entomophilous (Kwak, 1994a). Mostly a number of insect species acts as the functional
group of pollinators, called the pollinator guild. Some important insect species could fall out in the
case of an environmental change (Kwak, 1994a). In restoration ecology it is important to predict
possible reestablishment in presence of the available pollinators. Therefore, more information is
needed on the relative importance of insect species in existing plant populations.

In some plant communities, pollinator keystone species could be assigned (Memmott,
1999). Memmott (1999) has proposed a prototype foodweb. This foodweb is based on insect
visitation. If the pollination effectiveness of the ditferent insect species is introduced as a factor
into this visitation web, a real pollination web can be made. Insects classified as keystone species
in the food web may play a second fiddle as pollinator. Olsen (1997) defines pollinator
effectiveness as the number of seeds that are ‘produced’ after a single visit. This depends on the
number of conspecific pollen grains individuals of a particular insect species transfer (Herrera,
1987). A smalil population often has to cope with a heterogenous pollen deposition, because the
bulk of the surrounding flowers are of another species (Kwak et al., 1998), competing for
pollinators (Heinrich, 1979). Pollinator importance is defined as: pollinator effectiveness x relative
abundance of visits.

The main question is, whether visitation and pollination by insects of target plant species
differ in areas that ditfer in plant and insect species richness. The main question can be divided
into three sub-questions that will be investigated in three ditferent areas:

1. Which insect species and how many of them visit the three plant species?

2. Which insect species does effectively pollinate those plant species?

3. Do pollinators ditfer in flower constancy and flight distance and what are the consequences
for pollination?

Materials and methods

In this study, Lamium album, Glechoma hederacea {Lamiaceae) and Anthriscus
sylvestns (Umbelliferae) were chosen as study species. In The Netherlands, these species are
often seen in road verges. Road verges are mown several times per year. This mowing regime
can influence the number of flowers at a time and the microhabitat necessary for pollinating
insects. Lamium album and Glechoma hederacea (Lamiaceae) are both visited (and pollinated)
by bumblebees (Proctor et al., 1996). Important visitors of Anthriscus Sylvestris belong to Diptera:
Scatophagidae and Muscidae (Hoffmann, unpublished data). Figures 1a, 1b and 1c (Hoftmann,
unpublished data) show the insect species or insect groups that could be expected on the plant
species in three different areas.

Two or three areas with a difference in plant and insect species richness will be chosen
as research areas. Size of patches and density of flowers of the three plant species will be
measured by counting flower heads or umbels.

1. Visiting insect species

Individuals on the Lamiaceae will be followed in plots. In plots, the fate of individual
insects can be followed. Detailed information about number of visits per species will be obtained.
Furthermore visitation rate can and will be measured. The flowers of Anthriscus sylvestns are too
small and are visited by too many insects to be able to do proper plot observations. In transects,
the overall composition of the guild can be estimated (Dramstad, 1996). Visitation of the three
plant species will be followed in transects. The quick overview gives the number of individuals per
species. Transect observations will be made for the three plant species.



The data obtained by transect observations could be presented as foodweb, in the way
proposed by Memmott (1999). The data obtained by plot observations could be presented in a
table, containing insect species, number of visits, time per visit and average flight distance.

2. Effectively pollinating insect species

Of some flowers which are virgin, the insect species have to be counted and subsequent
seed set measured. To prevent visitation in larger fiowers, umbeis or whole plants, net bags will
be used. Deposited pollen will be counted and identified microscopically on stigmas that have
been visited. Receptivity of the visited stigmas will be determined by comparing their morphology
to the morphology of a control set that has been stained or tested for esterase presence (Datni,
1992).

The results could be presented in a table. The rows are insect species; columns are
number of pollen deposited, pollen species, receptivity of the stigma and seed set of the plant
species.

Results of visitation and effectiveness can be combined, to produce pollination by an
insect species: pollination success (seed set) x number of visits.

Crossing experiments have to be done, so that something can be said about the overall
effectivity of pollination by insects. Seed set of flowers that are open (insect) pollinated will be
compared to seed set of flowers that are extra hand cross-pollinated. Hand-pollination is a kind of
control on resource availability (Widén & Widen, 1990) when compared to natural insect
pollination. Hand cross-pollination will be done by putting an anther against a stigma (Corbet,
1999) or by using a brush. From the hand cross-pollination, maximum seed set per fruit can be
calculated (Herrera, 1987). The plants will be netted and kept in an experimental garden to
prevent loosing the plants by means of the mowing regime and to let them develop seeds under
equal conditions.

Results could be presented in a bar graph. On the y-axis is the number of seeds, on the
x-axis the plant species, in their different areas. The bars can be divided according to the way the
plant has been pollinated (normal or extra).

3. Flight distance and flower constancy

The choices of the bumblebee species as a whole are defined by the choices of
individual bumbiebees, and bumblebee workers can have temporal flower constancy (Kwak &
Tieleman, 1994c). Therefore, it is interesting to mark (and follow) bumbiebees in the area, which
makes it also possible to analyze flown distances between two resights of the same individual.
Marking can be done in different ways (Walther-Hellwig & Frankl, 2000a; Dramstad, 1996;
Heinrich, 1979), but the method described in Kwak (1987) seems to be most convenient. With
only five colours, 499 insects can be clearly marked.

The distance of the pollen transter can be estimated by applying fiuorescent dye powder
at different plants (Kwak, 1994b) and collecting the fluorescent dye colors. It is aiso possible to
spot transferred powder from a plant on surrounding plants.

Results can be presented in a scatter plot, with distance on the y-axis and plant species
on the x-axis. Another graph can show the number of fluorescent dye powder particles found at
different distances.

Beattie (1972) describes how to remove and stain poilen from insects: the body load can
be removed with a sticky staining gel (Kwak & Velterop, 1997). To be abie to identity polien loads
on insects, polien from surrounding flowering plants have to be collected (Kearns & Inouye,
1993).

Results could be presented in a bar graph. Number of pollen is on the y-axis, insect
species on the x-axis. The bars can be divided into pollen species.
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Research schedule (22 weeks)

March and 1* week April
e Read
e  Write research proposal
2", 3 and 4" week April
e Start breeding systems: caging
e Plot observations Lamiaceae
» Follow bumblebees
e Lamiaceae seed set in one visit
May (5 weeks)
¢ Breeding systems: hand pollination
e Transect observations
e Anthriscus seed set in one visit
e Anthriscus fluorescent dye powder
1* and 2" week June
e Seed set Lamiaceae
e Polien load counting
* |Insect determination
3" and 4" week June, 1* week July
e Seed set Anthriscus
e Collect results
2" 3" and 4" week July and 1* week August
e Collect results
o Write
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Figure 1c

Figure 1a, 1b and 1c.
Visiting insect species
composition on Lamium
album (1a), Glechoma
hederacea (1b) and
Anthriscus sylvestris (1c) in
the three research areas.
Data for L. album and for
G. hederacea have been
collected in May and June
2000. For those data, all
verges where the plant
species occurred were
used. Data for A. sylvestris
have been collocted in the
fourth week of May 2000.
For those data, three
verges per area were used.



