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Abstract 

Wild bees (including bumblebees) and honeybees are among the most important pollinating 

insects worldwide and play a crucial role for ecosystem functioning and plant reproduction. Urban 

environments provide other living conditions for pollinators than natural ecosystems. Due to 

global land use change and urbanization, bees (Apoidea: Apiformes) are increasingly facing 

challenges such as habitat loss and landscape fragmentation.  

To better understand how environmental conditions in cities affect bees, we studied plant-

pollinator interactions in 21 green areas in the city of Vienna, Austria in June/July 2018. 

Specifically, we wanted to assess how green area size affects pollinator diversity and abundance. 

We hypothesized to find more diverse pollinator communities and higher visitation rates in larger 

green areas. We hence chose study sites of three size categories: „small patch“ (< 5 000 m²), 

„intermediate park“ (10 000 m² – 250 000 m²), „large green area“ (> 400 000 m²). At each study 

site, we observed pollinators on a 1 m² plot on two obligatory outcrossing plants, Trifolium repens 

and Trifolium pratense - our focal study species. In addition, we recorded environmental factors 

(cloud cover, plant species diversity, number of anthetic and withered Trifolium inflorescences in 

the plot) and aspects of the landscape context (percentages of green area in surrounding radii of 

100 m, 500 m, 1 000 m) and investigated their influence on pollination frequency, seed set and 

pollinator diversity.  

Pollinator diversity, pollination frequency and seed set did not increase with green area size. 

Pollinator communities significantly differed between Trifolium repens and Trifolium pratense. 

Trifolium repens was mainly pollinated by Apis mellifera, whereas Trifolium pratense was 

primarily pollinated by different Bombus species mainly representated by Bombus cf. pascuorum 

and Bombus cf. lapidarius. The pollination frequencies for both Trifolium species were positively 

correlated with the respective number of anthetic Trifolium inflorescences in the observation plot. 

The seed set of Trifolium pratense was positively correlated with the diversity of flowering plants 

in the direct surrounding of the observation plot and was negatively correlated with the 

percentage of green area within 100 m radius around the observation plot. None of the tested 

environmental factors had an influence on the seed set of Trifolium repens. 

We conclude that sustainably managed green areas, which provide dense and diverse floral 

resources may promote species-rich pollinator communities and enhanced pollination services. 



 

III 
 

The positive relationship between pollinator abundance and flower number indicates the crucial 

role of sufficient foraging possibilities for pollinators. The observed difference in pollinator 

compositions of the two Trifolium species highlights the advantage of mixed green space planting 

for insect diversity. Based on our results, the relationship between pollinator diversity/abundance 

and green area size does not seem straight forward. While we cannot rule out an effect of green 

area size, other habitat features such as the presence of suitable nesting and foraging opportunities 

and the connectivity of green area sites in question may play an important role in shaping 

pollinator communities in urban landscapes.  
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Abstract - German 

Wildbienen (einschließlich Hummeln) und Honigbienen gehören zu den weltweit wichtigsten 

bestäubenden Insekten und spielen eine wichtige Rolle für die Funktionsweise von Ökosystemen 

und für die Pflanzenreproduktion. In städtischen Umgebungen herrschen für Bestäuber andere 

Lebensbedingungen als in natürlichen Ökosystemen. Aufgrund des globalen 

Landnutzungswandels und der Verstädterung stehen Bienen (Apoidea: Apiformes) zunehmend 

vor Herausforderungen wie beispielsweise dem Verlust von Lebensräumen und der 

Zerschneidung der Landschaft. 

Um ein besseres Verständnis davon für zu bekommen, wie sich die Bedingungen in Städten auf 

Bienen auswirken, untersuchten wir im Juni/Juli 2018 auf 21 Grünflächen in der Stadt Wien die 

Wechselwirkungen zwischen Pflanzen und Bestäubern. Wir wollten herausfinden, wie sich die 

Größe von Grünflächen auf die Vielfalt und Häufigkeit der Bestäuber auswirkt. Wir erwarteten 

vielfältigere Bestäubergemeinschaften und höhere Besucherzahlen auf größeren Grünflächen. 

Daher teilten wir unsere Untersuchungsflächen in drei Größenkategorien ein: „kleine Grünfläche“ 

(< 5 000 m²), „mittlere Grünfläche“ (10 000 m² - 250 000 m²), „große Grünfläche“ (> 400 000 m²).  

Auf jeder Untersuchungsfläche wählten wir einen 1 m² Plot. In diesem beobachteten wir die 

Bestäuber zweier obligatorisch auskreuzender Pflanzen, Trifolium repens und Trifolium pratense, 

welche als zentrale Untersuchungsarten dienten. Zusätzlich erfassten wir Umweltfaktoren 

(Wolkendecke, Pflanzenartenvielfalt, Anzahl der blühenden und fruchtenden Trifolium-

Blütenstände im Plot) und Aspekte des Landschaftskontextes (Prozentsatz von Grünflächen rund 

um die Untersuchungsflächen (Radien 100 m, 500 m, 1 000 m)) und untersuchten deren Einfluss 

auf die Bestäubungshäufigkeit, Samenansatz und Bestäubervielfalt. 

Die Diversität der Bestäuber, die Bestäubungshäufigkeit und die Anzahl der Samen nahmen mit 

der Größe der Grünfläche nicht zu.Die Bestäubergemeinschaften von Trifolium repens und 

Trifolium pratense zeigten signifikante Unterschiede. Trifolium repens wurde hauptsächlich von 

Apis mellifera bestäubt, während Trifolium pratense vorzugsweise von verschiedenen Bombus-

Arten bestäubt wurde. Hauptvertreter waren Bombus cf. pascuorum und Bombus cf. lapidarius. 

Die Bestäubungshäufigkeiten beider Trifolium-Arten korrelierten positiv mit der jeweiligen 

Anzahl der blühenden Trifolium-Blütenstände im Plot. Die Samenmenge von Trifolium pratense 

und die Vielfalt der Blütenpflanzen in der direkten Umgebung des Plots zeigten eine positive 

Korrelation. Gleichzeitig zeigten die Samenmenge von Trifolium pratense und der prozentuale 
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Anteil der Grünfläche im Umkreis von 100 m um den Plot eine negative Korrelation. Die 

getesteten Umweltfaktoren hatten keinen Einfluss auf die Samenmenge von Trifolium repens. 

Wir schließen daraus, dass nachhaltig gemanagte Grünflächen, mit einem dichten und vielfältigen 

Angebot an Blütenpflanzen, artenreiche Bestäubergemeinschaften und eine verbesserte 

Bestäubung fördern können. Die positive Beziehung zwischen Bestäuberhäufigkeit und Anzahl 

der blühenden Trifolium-Blütenstände verdeutlicht die Wichtigkeit eines ausreichenden 

Resourcenangebots für Bestäuber. Der beobachtete Unterschied in der 

Bestäuberzusammensetzung der beiden Trifolium-Arten unterstreicht außerdem den Vorteil von 

gemischter Grünflächenbepflanzung für die Insektenvielfalt. Basierend auf unseren Ergebnissen 

scheint der Zusammenhang zwischen Bestäubervielfalt und Grünflächengröße nicht eindeutig zu 

sein. Während ein Einfluss der Grünflächengröße nicht ausgeschlossen werden kann, spielen 

wahrscheinlich auch andere Lebensraumeigenschaften, wie das Vorhandensein geeigneter Nist- 

und Nahrungsplätze und die Konnektivität der Grünflächen eine wichtige Rolle für die 

Zusammensetzung und Formgebung der Bestäubergemeinschaften in städtischen Landschaften. 
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1. Introduction  

Pollination - the transfer of pollen grains from the male organs (anthers) of a flower to the female 

organs (stigma) of the same or another flower - is an essential mechanism in nature. The 

production of seeds and fruits are necessary for plant sexual reproduction and the development of 

new plant individuals (Tommasi et al., 2004). However, many angiosperm plants are self-

incompatible – i.e., cannot be fertilized by their own pollen -, thus depending completely on 

cross-pollination (Allaby, 2006; Allen & Hiscock, Chapter 4, 2008). In general, ca. 90 % of angiosperms 

are pollinated by animals (Ollerton et al., 2011). 

Apidae - including the genera Apis and Bombus, also vital in urban settings (McFrederick & Le 

Buhn, 2006; Lowenstein et al., 2014) - are effective pollinators for several reasons. They are primary 

ectotherm but also use endothermic heat-production mechanisms, which allow them to withstand 

bad weather conditions and low temperatures. Therefore, their pollination activity is higher than 

for example the one of syrphid flies, most of which are not capable of facultative endothermy 

(Willmer & Stone, 2004; Hennig & Ghazoul, 2011). The need for pollen to feed the offspring is another 

explanation for the strong pollination activity of Apidae (Hennig & Ghazoul, 2011). Honeybees and 

bumblebees have large foraging ranges and reach even more isolated resource patches (Steffan-

Dewenter et al., 2002; Garibaldi et al., 2011). Additionally, their pronounced (temporary) flower-

constancy makes them efficient pollinators (Grant, 1950; Chittka et al., 1999; Raine & Chittka, 2007; 

Hintermeier & Hintermeier, 2017).  

Many studies emphasize the general value and importance of bees (Apoidea: Apiformes). They do 

not only support ecosystem functioning and the maintenance of biodiversity, but also play a 

crucial role for the human society (Bates et al., 2011; Hagenstein & Neumayer, 2015; Matias et al., 2017). 

For example, global agriculture crop production relies to 35 % on pollination (Klein et al., 2006).  

Moreover, bees support the main ecosystem services worldwide, not least because of their strong 

impact on flowering plants, which dominate most terrestrial ecosystems. Plants in turn provide 

food, improve air quality and regulate the climate. The reproduction of plants and therefore 

sufficient pollination is thus highly important (Bates et al., 2011; Matias et al., 2017; Millennium 

Ecosystem Assessment, 2005). 

https://www.fs.fed.us/wildflowers/pollinators/What_is_Pollination/
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Lately, reports on the endangerment and decline of wild bees (including bumblebees) and 

domesticated honeybees have become more and more frequent. At the same time, calls for 

conservation of bees and other important pollinating insects are increasing (Biesmeijer et al., 2006; 

Brown & Paxton, 2009; Potts et al., 2010; Goulson et al., 2015). The ongoing decline of pollinators is also 

threatening the (pollination-) services they provide. A lot of crops all over the world (e.g. coffee, 

papaya, almond) are already affected (Klein et al., 2006). Responding to that, countries import 

expensive commercial honeybees (e.g. form Australia) to compensate pollination deficiencies; for 

example in almond plantations in California, USA (Sumner & Boriss, 2006; Kremen et al., 2007; 

National Research Council, 2007). This in turn may include the danger of introducing invasive bee 

species, which might transmit parasites and pathogens or compete for resources with native 

pollinators (Stout & Morales, 2009; Russo, 2016). Another consequence of bee scarcity is the decrease 

of plant diversity and reproductive success (Winfree et al., 2009; Potts et al., 2010). 

Different reasons for the decline of pollinators in various regions and the alteration of plant-

pollinator interactions have already been studied (Andrieu et al., 2009; Potts et al., 2010; Harrison & 

Winfree, 2015). A common threat, if not one of the most influential, is global landuse change, 

which also is a reason for losses in overall biodiversity (Winfree et al., 2009). This process goes along 

with rapidly increasing urbanization, resulting in habitat loss and fragmentation of the landscape 

(Andrieu et al., 2009; Ahrné et al., 2009; Winfree et al., 2009). Thereby, it could be challenging for 

pollinators to find adequate feeding and breeding grounds, especially in cities, because these 

habitats differ from those in more natural areas (Williams et al., 2005; Andrieu et al., 2009; Verboven et 

al., 2014).  Another influence is constituted by the introduction of non-native plant species, which 

might alter pollinator community composition and phenology (Harrison & Winfree, 2015). Besides, 

the reproductive success of native plants through pollination can suffer from the competition with 

non-native plants (Morales & Traveset, 2009; Stout & Morales, 2009; Harrison & Winfree, 2015). 

Furthermore, parasites and diseases can have strong impacts on pollinator community systems 

(Brown & Paxton, 2009). Bee abundance and diversity are additionally disrupted by pesticides and 

even herbicides and fertilisers can have an indirect impact by modifying the basic food resources 

of the pollinators (Potts et al., 2010). Researchers already reported that climate change alters the 

flowering phenology and the breeding systems of several plant species; in addition, climate 

changes also cause shifts in pollinator distribution, in terms of latitude and altitude (Fitchett et al., 

2015; Harrison & Winfree, 2015; Stoddard, 2017; Ansaldi et al., 2018). Dealing with the effects of climate 
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change on natural systems and in this way also on bee diversity and pollination services will be a 

particularly challenging concern in the future (Brown & Paxton, 2009).  

In summary, bee community compositions and plant-pollinator interactions are disturbed and 

altered to a large extent through anthropogenic action and interference with these sensitive 

natural systems. It should be noted that many effects on bee and plant populations come from a 

combination of several drivers (socio-cultural, environmental, etc.) (Potts et al., 2010; Harrison & 

Winfree, 2015; Matias et al., 2017). 

The study of plant-pollinator interactions in urban contexts is of growing importance owing to a 

strong increase in urbanized areas worldwide (Hennig & Ghazoul, 2011; Gunnarsson & Federsel, 2014).  

Cities present bees with other challenges and show different habitat conditions than intact natural 

environments (Williams et al., 2005; Verboven et al., 2014). Microclimate, ground conditions, 

hydrology and patch dynamics emerge in a different way (Alberti, 2005). Several studies 

investigated bee communities and foraging behaviour along gradients of urban to peri-urban or 

rural environments (Andrieu et al., 2009; Ahrné et al., 2009; Bates et al., 2011; Banaszak-Cibicka & 

Zmihorski, 2012; Verboven et al., 2014; Theodorou et al., 2017). In many cases, pollinator diversity 

decreased with increasing urbanization (Ahrné et al., 2009; Bates et al., 2011; Lowenstein et al., 2014). 

An urban area can be characterized as a complex mosaic of biological and physical patches, 

embedded in a matrix of infrastructure and social organization (Machlis et al., 1997; Alberti, 2005). 

The alteration of landscapes through urbanization has a strong influence on the structure of 

natural patches and thereby affects ecosystem functioning and species’ livelihoods (Alberti, 2005). 

Urban patches can be structurally described by their size, shape, connectivity and composition. 

Connectivity and fragmentation are defining interactions among organisms and their movements 

between patches (Turner & Gardner, 1991; Alberti, 2005). A decline of connectivity between habitat 

patches and a reduction in patch area usually result in species loss, which impacts native plant and 

animal communities (Collinge, 1996; Alberti, 2005). Smaller patches are associated with an increase 

of edge zone, which represents an ecotone between cities’ green areas and sealed built-up areas. 

Boundaries of adjacent systems can be sharp, as often found in cities, in the form of roads, 

buildings or fences for instance. Edge zones of patches differ in environmental conditions from the 

interior habitat of a patch, which demands other adaptations from animals and plants. Species 

populations in edge zones often show a higher diversity and density. Further, they include more 

generalist species, in terms of habitat and environmental conditions (Collinge, 1996; Corkery & 

Evans, n.d.; Normann, 2016). Investigations were done to look at the effects of fragmentation, some 
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studies especially focused on the impact on bee communities (Steffan-Dewenter & Tscharntke, 1999; 

Andrieu et al., 2009; Di Giulio et al., 2009). Researchers found lower visitation rates of pollinators to 

isolated habitat patches. Lower visitation rates are also a result of increased edge density in cities 

and aggravated accessibility of the patches (Aizen & Feinsinger, 1994; Andrieu et al., 2009; Henning & 

Ghazoul, 2011). Furthermore, alteration in foraging behaviour and changes in body size are 

observed as a response to habitat fragmentation (Rathcke & Jules, 1993; Steffan-Dewenter & 

Tscharntke, 1999). According to the optimal foraging theory (Stephen & Krebs, 1986) pollinators 

adapt their foraging behaviour depending on the availability, quantity and distribution of the 

resources, in order to be most energy-efficient. This was reported in a study, comparing plant-

pollinator interactions of Crepis populations in urban and country environments (Andrieu et al., 

2009). 

Urban ecologists and landscape planners reported that landscapes, surrounding natural habitat 

patches in cities have a strong influence on species distribution patterns (Collinge, 1996; Steffan-

Dewenter et al., 2002; Ahrné et al., 2009). Honeybees, bumblebees and other wild bees react to 

landscape context on different spatial scales (Steffan-Dewenter et al., 2002). There is evidence of a 

positive effect of increasing green area on bee visitation frequency to habitat patches (Henning & 

Ghazoul, 2011). At a smaller scale, floral cover and plant diversity in urban settings promote bees’ 

pollination services (Ebeling et al., 2008; Henning & Ghazoul, 2011).  

Urban landscapes are usually characterized by a high proportion of sealed surfaces. This poses a 

challenge especially for ground-nesting bees to find suitable nesting sites (Tommasi et al., 2004; 

Verboven et al., 2014). But cities can also provide good and appropriate habitats and feeding grounds 

to bee populations and pollinators. Such alternative environments include, for instance, 

allotments, city parks, and rooftop gardens. Particularly cavity-nesting specialists may benefit 

from urban landscape characteristics, such as wood fences and cavities in buildings, which are 

good nesting opportunities (Tommasi et al., 2004; Ahrné et al., 2009). In addition, flowerbeds and 

green stripes in urban areas could provide continuous food sources for pollinators in a strong 

human-influenced environment (Tommasi et al., 2004). Cities are rich in flowering plant resources 

(Theodorou et al., 2017), also including ornamental and non-native plants. Allotment gardens and 

parks for example offer additional nectar and pollen, throughout the whole growing season. 

Pollinators may adapt their foraging flight phenology to longer periods of bloom and continuous 

food resource availability in the city (Zurbuchen & Müller, 2012; Harrison & Winfree, 2015). 
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There are a couple of studies which surveyed bee communities (diversity and abundance) in 

different urban habitats (Tommasi et al., 2004; Gunnarsson & Federsel, 2014) and investigated plant-

pollinator interactions exclusively in cities (Hennig & Ghazoul, 2011). 

Urban ecology is a growing research field, which is becoming broader and more important in a 

changing world, where more people live in cities. In times of climate change and increasing man-

made landuse change, the endorsement of greener cities with sustainable solutions is 

indispensable. More focus has to be laid on the link between urban structures and ecological 

processes, in order to facilitate positive urban development (Alberti, 2005). Biodiversity and vivid 

ecosystems in the city rely on mutual dependence of plants and pollinators (Ebeling et al., 2008). 

This gives reason for studying these interactions within urban areas. 

The city of Vienna (capital of Austria) comprises a total area of 415 km². Around half of the city’s 

surface is covered by various green areas (Wirtschaft, Arbeit und Statistik (Magistratsabteilung 23), n.d.; 

Berger & Ehrendorfer, 2011). The largest proportion of green space is found in the western part of 

the city. The urban green spaces can be divided into different types. Forests and meadows account 

for the largest area share, followed by house gardens and, finally, by sports- and recreational areas. 

About one third of the area of Vienna is covered with buildings and approximately 14 % are sealed 

surfaces, for example roads. The proportion of sealed areas increases towards the city centre, 

raising the importance of the preservation and further the creation of smaller green spaces in this 

part of the city. These small green spaces include: parks, grass verges, court yards with valuable 

tree populations, boulevards (Berger & Ehrendorfer, 2011). Vienna is rich in biodiversity (Berger & 

Ehrendorfer, 2011). The city accounts only for 0.5 % of the Austrian land area, but is home to more 

than 2000 plant species (Vitek et al., 2017). This is largely due to Vienna’s geographical location 

between suboceanic (the Alps) and subcontinental (Pannonian lowlands) regions in Europe. 

Vienna is characterized by diverse climate types, underground types and different types of 

agricultural use in the natural environment. Vienna has a variety of different natural habitats and 

naturally preserved ecosystems (Berger & Ehrendorfer, 2011). Natural green area and biodiversity in 

the city are preserved through local programmes („Netzwerk Natur“, Wiener Umweltschutzabteilung 

(Magistratsabteilung 22), n.d.) and other activities of the urban administration.  

We want to contribute to the better understanding of urban ecosystem functioning and help 

developing sustainable city management strategies in order to preserve a diverse bee occurrence in 

a European city, which also results in a rich city flora. 

https://www.wien.gv.at/statistik/lebensraum/stadtgebiet/
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To achieve this goal, we investigated the effect of local conditions of green areas, particularly 

green area sizes and landscape context on the pollination ecology of two self-incompatible, 

herbaceous plants, Trifolium repens (white clover) and Trifolium pratense (red clover) (Fabaceae) 

by analysing plant-pollinator interactions on green spaces in the city of Vienna. 

Resource availability and diversity, and nesting possibilities are parameters that can alter 

pollination processes in an urban context. Increased plant diversity on green areas may at least to 

some extent promote the occurrence of different types of pollinators (Fründ et al., 2010). We 

decided to observe two Trifolium species in green areas, as we expected these also to provide 

niches for different pollinators. This allowed us to make comparisons in our study and highlight 

potential benefits of mixed green area plantings.  

The aim of this study thus was to: (1) compare main pollinator taxa and their abundance among 

green areas of different sizes (divided into three study site categories) and the two Trifolium 

species, (2) determine the influence of green area size on pollination frequency and seed set of the 

study species Trifolium repens and Trifolium pratense, (3) investigate environmental factors, 

which impact pollinator foraging behaviour and seed set. 

We predicted that pollinator diversity, pollination frequency and seed set increase with green area 

size. Further we expected to record differing pollinator communities on the two Trifolium species 

during our observations, due to mutual adaption of pollinators and plants. 
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2. Material and Methods 

2.1. Study species 

To investigate pollinator frequencies and composition in an urban context, we chose two 

Trifolium species as study objects. Both, Trifolium repens (Fischer et al., 2008) and Trifolium 

pratense (Fischer et al., 2008) are self-incompatible plants, which rely on the pollination service of 

insects to reproduce successfully and set seeds (Hegi et al., 1975). Both Trifolium species are 

perennials and frequently encountered on meadows, lawns, parks, waysides, what made them 

good study objects for our investigations (Hegi et al., 1975; Fischer et al., 2008). Their flowering 

periods last from May (T. repens) and June (T. pratense) until September/October (Fischer et al., 

2008). T. repens and T. pratense belong to Fabaceae, which are commonly pollinated by 

hymenoptera in temperate zones. The main pollinators of T. repens as well as T. pratense are 

Apidae – particularly honeybees and bumblebees (Hegi et al., 1975).  

The flowers are zygomorphic and consist of five petals, which are arranged in to form the typical 

“papilionid” flower of most Fabaceae (Fig. 1): a „flag“ vexillum, two „wings“ alaé and a „keel“ 

carína, which envelopes the stamens and the carpel. The sepals are united and the petals protrude 

beyond them (Fischer et al., 2008). 

 

 
Figure 1. Structure of a typical flower of the family Fabaceae (subfamily Faboideae).  
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In the genus Trifolium, pollination happens via a „simple foldaway-mechanism“ (one of the four 

pollination-mechanisms described for Fabaceae by F. Delpino (1868)): A pollinating insect lands on 

the keel and holds on to the connected wings. The keel is pushed down while the flag opens to the 

top. During this movement the anthers and the stigma become exposed and touch the pollinator. 

The flower-parts revert to their initial position when the insect leaves (Hegi et al., 1975) (Fig. 2). 

  
Figure 2. Apis mellifera pollinating a Trifolium repens flower. 

Successfully pollinated flowers will bend downwards, change colour and texture with time (Hegi et al., 

1975). 

According to Ellenberg & Leuschner. (2010), both species (T. repens and T. pratense) are „light-

plants“ and „freshness indicators“. That means they mainly grow on medium humid grounds and 

are common on meadows; they are not common on moist or searing grounds. T. repens indicates 

moderate acid and nitrogen concentrations and is occasionally salt enduring, whereas T. pratense 

can not endure salt. Both are hemicryptophytes and hibernate with green leafs.   
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The inflorescence of T. repens is a globular raceme. It consists of 20 - 80 white flowers, which are 

often shaded pink or sometimes light green (Hegi et al., 1975; Fischer et al., 2008). T. repens 

reproduces either sexually via seed production or vegetatively (Verboven et al., 2014). The shoots 

are creeping (stolons) and root at the nodes (Hegi et al., 1975; Spohn et al., 2015). Each flower 

produces up to four heart-shaped/kidney-shaped (Hegi et al., 1975) seeds per pod (Fig. 3, Fig. 4).  

   
 Figure 3. Trifolium repens pod. Figure 4. Trifolium repens seed. 

The main pollinators are Apis mellifera, Bombus sp., but also butterflies and flies, which 

sometimes have difficulties to trigger the „foldaway-mechanism“ (Hegi et al., 1975). Due to the only 

3 mm short staminal tube, short-trunk bees and Syrphidae can also reach the nectar. 

 
Figure 5. Trifolium repens inflorescences in different developmental stages; from left to right: pre-anthetic, 

anthetic, half-withered, withered.  
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The inflorescence of T. pratense is an egg-shaped to gobular raceme (Pandey, 1956; Hegi et al., 1975; 

Fischer et al., 2008). It is consists of 30 - 90 bright red to pink flowers, rarely white or yellowish 

white (Hegi et al., 1975). Each shoot carries 1 - 4 inflorescences; usually two inflorescences in 

different developmental stages are located next to each other terminally on the shoot (Hegi et al., 

1975; Spohn et al., 2015). T. pratense reproduces largely sexually via seeds. Each flower produces one 

or two obliquely kidney-shaped seeds per pod, which are slightly flattened and sleek (Hegi et al., 

1975) (Fig. 6, Fig. 7).  

  
Figure 6. Trifolium pratense pod. Figure 7. Trifolium pratense seed. 

The main pollinators are Apidae and Lepidoptera. In addition the flowers are visited by some flies 

and beetles. The nectar containing staminal tube is 8 – 10 mm long, which benefits bumblebees 

with longer tongues (10 – 21 mm; e.g. Bombus hortorum, Bombus pascuorum). Bumblebees with 

shorter tongues (7 – 10 mm; e.g. Bombus lucorum, Bombus terrestris) bite holes into the floral 

base to reach the nectar (Hegi et al., 1975). Apis mellifera, in turn, uses these bite-holes to robb 

nectar. To pollinate the flowers, Apis mellifera has to bend the keel downwards to expose the 

reproductive organs (Hegi et al., 1975).  

 
Figure 8. Trifolium pratense inflorescences in different developmental stages; from left to right: pre-anthetic, 

anthetic, half-withered, withered. 
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2.2. Study sites 

The study was conducted in the city of Vienna (Austria). We studied a total of 21 sites 

homogeneously distributed over the whole city (Fig. 9). Short descriptions of each study site are 

presented in Appendix 1. 

 
Figure 9. “Overview map”. Map of Vienna showing the geographic position of the 21 study sites. Study sites 

identification numbers are indicated in the coloured circles. Blue: small patches, pink: intermediate parks, 

yellow: large green areas. The main types of land-cover are indicated in the legend. 

Source: GeofabrikGmbH and OpenStreetMap Contributors http://download.geofabrik.de/europe/austria.html; 

Stadt Wien http://data.wien.gv.at; basemap source, see map depiction; own processing 

A study site is defined as a mostly continuous surface of vegetation (mainly grassland). The study 

sites were classified into 3 categories: small patch (< 5 000 m²), intermediate park (10 000 m² – 

250 000 m²), large green area (> 400 000 m²). We recorded the size of the sites through the 

application of GoogleMaps (maps.google.com, 2018) and the online city map of Vienna (ViennaGIS, 

Stadt Wien, n.d.). We studied 6 - 8 sites per category (see Table 2). We chose study site locations so 

that, for each category, sites are evenly distributed across the city of Vienna. This allowed us to 

have a balanced impact of closeness to the city centre and density hotspots of sealed surface. 

In each site, we selected one observation plot of 1 m². The criterion for selecting these plots was 

the existence of at least eight blooming individuals of each species, Trifolium repens and Trifolium 

https://www.wien.gv.at/stadtplan/
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pratense, in similar densities. We recorded the GPS coordinates of the observation plot with the 

app “My GPS coordinates” (TappiApps; for Android; Version 1.74; released February 2017) for each 

study site. To characterize each observation plot, we estimated the percentage of the plot area that 

was covered by flowering plants. Additionally, we counted the number of Trifolium individuals 

from both study species in the plot. We recorded the number of pre-anthetic, anthetic, and 

withering Trifolium inflorescences (flower heads) for both study species.  

To study the direct environmental context of each observation plot, we described its close 

surroundings using 5 m length transects starting at the border of the plot and running in four 

directions (north, south, east, west). We counted and identified all plant individuals bearing 

flowers along these transects, to calculate the Shannon diversity index of each plot (based on 

plants flowering at the time of investigation), using the formula:  

Hn  = - ∑ (pi ln (   ). 

With Hn = diversity index, pi = relative abundance of species I, and n = number of available species 

We also defined the relative length of the different surface types (cut grass, soil, asphalt path, 

concrete, etc.) occurring along each transect. The length of each transect was recorded in the case 

where the standard length of 5 m could not be reached (e.g. due to a wall). This data allowed us to 

calculate the percentage of green (vegetated) surface and non-green surface for the cumulated 

transect range length for each observation plot. 

To study the large scale environmental context of each observation plot, we characterized the 

types of land cover in perimeters of 100 m, 500 m and 1 000 m around the observation plot of each 

study site and subdivided them into: green area, sealed surface, traffic, and waterbody. We 

conducted a buffer-analysis in ArcGIS 10.5 (ESRI, 2016), using the geoprocessing tool “Buffer”. To 

calculate the relative proportions of each type of land cover and to calculate the percentage of 

green area we used the software R v.3.5.3. (R Development Core Team, 2019) (Fig. 10, Fig. 11; 

separate buffer-analyses maps of each observation plot are depicted in Appendix 2.).  
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Figure 10. “Buffer-analyses”. Map of Vienna showing 21 study sites of three different categories (in blue, pink 

and yellow) and the perimeters (100 m, 500 m, 1 000 m) used for the buffer-analyses in ArcGIS (ESRI, 2016). 

Source: GeofabrikGmbH and OpenStreetMap Contributors http://download.geofabrik.de/europe/austria.html; 

Stadt Wien http://data.wien.gv.at; basemap source, see map depiction; own processing 

 
Figure 11. “Example plot”. Observation plot of study site 9 (Kurpark Oberlaa) and its surroundings, showing the 

types of land-cover/use in perimeters of 100 m, 500 m, and 1 000 m.  

Source: GeofabrikGmbH and OpenStreetMap Contributors http://download.geofabrik.de/europe/austria.html; 

basemap source, see map depiction; own processing 

As a data basis in ArcGIS (ESRI, 2016), we used the OpenStreetMap data for the region of Austria 

(GeofabrikGmbH and OpenStreetMap, 2018). It includes a landuse shapefile that we could use for the 
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description of the surrounding land cover. As the data was not complete, we digitized some parts 

of the map. We used global image data-basemaps (ESRI, 2016), coloured in light grey, as a 

background for the created maps. We inserted the GPS-datapoints of our observation plots to the 

map in form of a shapefile feature-class and coloured them differently for the three study site 

categories. To visually define the location of the study, we used the shapefile “Political boundary 

of the Federal Province of Vienna” (Stadt Wien – http://data.wien.gv.at) and outlined the boundary of 

Vienna in the form of a yellow line. All data files are on hand in the projected coordinate system: 

MGI_Austria_GK_M34. 

2.3. Fieldwork 

Observations of pollinators were done during June and July 2018. Each study site was visited once. 

In each study site, the selected observation plot was observed during a period of six hours, 

between 10 am and 4 pm. Each hour, we observed pollinator behaviour for 15 minutes, then 

collected pollinators during 15 additional minutes. Observations were only performed if the 

weather conditions were good, that means sunny (no permanent cloud cover nor rain nor storm) 

and warm (minimum temperature: 18 °C). 

Once per hour, we recorded the following parameters: weather condition, temperature (°C), cloud 

cover in oktas (number of eighths of the sky, which are covered with clouds), wind speed using an 

adapted Beaufort-scale (0 = calm, 1 = light breeze, 2 = moderate wind, 3 = strong wind), and 

percentage of shaded plot-area (e.g. by a tree or a building).  

For detailed information on weather conditions on the observation days see Appendix 3.  

2.4. Pollination frequency and pollinator frequencies 

Pollination frequency was recorded during 15 min per hour: for each Trifolium species, we 

identified each insect that either visited (e.g. landed on) or probed an inflorescence, and recorded 

its behaviour (e.g. visiting, probing; see Appendix 5.) and its "flying sequence". Here, we define the 

flying sequence of an insect as the order of visited and probed Trifolium (repens /pratense) 

inflorescences in course of a stay in the observation plot (e.g.: Tr -Tr -Tp -Tr, Tr = Trifolium 

repens, Tp = Trifolium pratense). This allowed us to calculate: visitation and pollination 

frequencies (= number of inflorescences visited and number of inflorescences pollinated per hour) 

for each type of pollinator. For the identification to high taxonomic level, we took pictures of each 

insect appearing on Trifolium, whenever possible.  
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2.5. Pollinator diversity 

Pollinator collection was performed each hour after the 15 min of pollinator observations, so that 

pollinator collection had as little impact on pollinator behaviour as possible. In each observation 

plot, we collected a maximum of five specimens per pollinator morphotype. We caught the insects 

with small plastic tubes while they probed on Trifolium inflorescences. Then we immediately put 

the tubes on ice in order to kill the insects gently. In the end of each observation day, collected 

pollinators were stored in a freezer (-18 °C) for conservation before mounting for identification 

with the help of specialists. The insects were identified by Mag. Florian Etl and Dr. Martin 

Streinzer from the University of Vienna. We also determined the pollinators as accurately as 

possible on the pictures taken during field work. For this purpose, it helped to compare them to 

the already collected and identified insects. We intended to identify the pollinators to species 

level, if not possible, to genus level or above.  

2.6. Seed set 

In each study site we harvested 10 withered inflorescences per Trifolium species, to assess 

potential seed set differences of Trifolium repens and T. pratense among the sites. As a criterion 

for harvesting, the inflorescences should at least be ⅔ withered. T. repens flowers bend down and 

turn brownish when they wither. T. pratense flowers turn brown and change texture as well (Hegi 

et al., 1975). We stored the inflorescences separately for each Trifolium species in paper envelopes.  

For a preliminary study we randomly chose one dry inflorescence per Trifolium species of each 

study site. We dissected 10 flowers per inflorescence and put the ovaries in an Eppendorf tube. 

From each inflorescence, we chose already sufficiently withered flowers. To optically clear the 

ovary wall and make the seeds visible and more easily countable under the binocular, we used a 

method which was described by Pasumarty et al. (1992): we boiled the ovaries in 1M NaOH at 

around 60 °C for about 30 min. We placed the cleared ovaries in a petri dish with a few drops of 

water and counted the initiated seeds of the flowers in the laboratory using a stereomicroscope. 

After the preliminary study we could observe if there was a first differing trend in seed set 

between the study sites. 

To get a higher accuracy in data, we chose two more inflorescences per Trifolium species for each 

of the study sites, to analyse a total of three dried inflorescences per Trifolium species and site. We 

continued with another method to dissect the seeds from the ovaries, whenever it was easily 
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possible: we grinded the withered flowers between the fingers until the seeds dropped out. We 

counted them and examined them under the stereomicroscope. In the end, we calculated the 

average number of initiated seeds per flower, based on the values of the chosen inflorescences. 

Further, we were able to extrapolate a number of developed seeds per (T. repens and T. pratense) 

inflorescence for each of the different sites.  

2.7. Data-analysis 

The data-handling and calculations were done with the softwares R v.3.5.3. (R Development Core 

Team 2019). R functions are referred to as follows: function name {package name}, and “Past” 

(Version 3.23; Hammer et al., 2001). First steps in data-handling, data-preparation and summary 

statistics were done using the software “Microsoft Excel” (2010). Usual tests were made following 

Zuur et al (2009) and Manly (2005). Otherwise, the corresponding references are cited in the text. 

2.7.1. Comparison of the study site categories: pollination frequency, seed set 

For pollination frequency (= number of pollination events per hour per study site per Trifolium 

species, without distinction of pollinator types) and seed set, we first created histograms, which 

represented the distribution, variability and frequency of the data. We used boxplots to compare 

data among the three study site categories. Both graphical representations were also used to check 

for outliers. We used Kruskal-Wallis tests kruskal.test {stats} to test for differences in seed set and 

pollination frequency among the three study site categories. This was done separately for 

Trifolium repens and Trifolium pratense.  

2.7.2. Pollinator frequency 

To test for differences in pollinator frequencies we conducted a perMANOVA using the function 

adonis {vegan} (Oksanen & Stevens., 2019). We tested the influences of term variables (Trifolium 

species, study site categories, and the interaction of these two variables). Afterwards we used a 

Wilcoxon-Mann-Whitney test wilcox.test {stats} to examine the significant differences between 

the two Trifolium species, regarding pollinator frequencies. To get a simplified and structured 

depiction of the pollinator frequency – dataset and to illustrate the variance of the variables, we 

performed a Principal Component Analysis (PCA) using the function dudi.pca {ade4} (Chessel & 

Dufour, 2004). 
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2.7.3. Environmental factors 

To test for possible influences of various environmental factors (explanatory variables) on the 

pollination frequency (= number of pollination events per day per study site per Trifolium species, 

distinction of pollinator types is not considered) and seed set, we used generalized linear models 

(GLM), glm {stats}. We tested the influence of the explanatory variables given in Table 1:  

Table 1. 

Response variables (pollination frequency, seed set) and explanatory variables tested for the generalized linear 

models. The explanatory variables: green area 100 m radius, green area 500 m radius, green area 1 000 m 

radius are defined as the percentages of green area in radii (100 m, 500 m, 1 000 m) around the observation 

plots. 

response variable  explanatory variables  

pollination frequency 
(T. repens/T. pratense) 

study site category 

diversity index 

 

green area 100 m - radius 

 

green area 500 m - radius 

 

green area 1 000 m - radius 

 

no. anthetic Trifolium in the plot 

  cloud cover 

seed set  
(T. repens/T. pratense) 

pollination frequency 

study site category 

 

diversity index 

 

green area 100 m - radius 

 

green area 500 m - radius 

 

green area 1 000 m - radius 

 

no. anthetic Trifolium in the plot 

 

no. withered Trifolium in the plot 

  cloud cover 

 

To get an overview of the environmental data and to look for possible outliers, we first created 

dotcharts with the function dotchart {graphics} of the variables, grouped in the three study site 

categories. To show the frequency distribution of the continuous data set, we constructed 

histograms using the function hist {graphics}. Afterwards, we used pairwise scatterplots, pairs 

{graphics} and correlation coefficients cor {stats} to look for collinearity between all variables. Due 

to the strong correlation between the variables “number of flowers in the transect” and “diversity 

index” (corr. coeff. = 0.6608284), we excluded the former simpler variable from the generalized 

linear models. We also decided on the response variable “pollination frequency per day” instead of 

the response variable “pollination frequency per hour”, to work without rates, which allows for 

simpler models. We used a GLM with a Poisson family distribution. When looking at the 

dispersion parameter, the four data sets (pollination frequency for T. repens and T. pratense; seed 
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set for T. repens and T. pratense) showed overdispersion (the variance is larger than the mean, 

mean > 1). We corrected the overdispersion by using a quasi-Poisson GLM. We compared the 

models using the function drop1 {stats} which removes each explanatory variable in turn (from 

highest to lowest Pr > F value). Finally, we selected the models, which included remaining 

significant explanatory variables. We used the functions resid {stats} and predict {stats} for model 

validation and extraction of residuals. 
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3. Results 

3.1. Study sites 

Table 2 gives basic parameters of the different study sites and percentages of surrounding green area. Table 3 gives information on observation plot 

parameters and its’ direct environmental context.  

Table2. 

Location information, GPS coordinates, size, percentages of green area surrounding observation plots of 21 study sites in the city of Vienna. 

 

Category 
Site 
No. & Name 

Coordinates Size (m²) 
Green area 

100 m 
(%) 

Green area 
500 m 

(%) 

Green area  
1 000 m 

(%) 

2 1 Botanischer Garten Wien  
48°11'31.52''N  
16°23'2.75''E 

80 000 79.99 62.73 47.81 

1 2 Altes AKH Campus Hof 8 
48°13'1''N  

16°21'17.74''E 
3 060 12.45 41.91 34.71 

3 
3 Zentralfriedhof Tor 3  
   (Park der Ruhe und Kraft)  

48°09'6.82''N 
16°26'45.59''E  

2 500 000 100.00 72.64 89.88 

1 4 Hugo Breitner Hof; Housing Complex 
48°11'52.71''N 
16°16'12.45'' E 

4 900 80.42 40.80 33.28 

2 5 Hedwig und Johann Schneider Park 
48°16'9.92''N 
16°26'56.11''E  

11 720 27.17 42.62 41.53 

1 6 Girardipark/Karlsplatz 
48°12'3.08''N 
16°22'5.88''E  

3 100 27.82 26.59 48.48 

3 7 Schwarzenbergpark 
48°14'46.52''N  
16°16'19.06''E  

800 000 100.00 96.84 89.33 
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2 8 Miep-Gies-Park 
48°9'51.36''N  
16°19'34.64''E  

15 000 44.00 55.93 43.94 

3 9 Kurpark Oberlaa 
48°8'48.47''N  
16°24'14.08''E  

860 000 98.23 55.98 65.99 

1 10 Schönbrunner Allee 2-22 
48°10'25.98''N  
16°18'46.12''E  

300 7.50 62.97 52.84 

2 11 Roter Berg 
48°10'53.34''N 
16°16'20.58''E  

30 000 89.87 78.84 78.20 

3 
12 Steinhofgründe,  
     Otto Wagner-Spital 

48°12'30.16''N 
16°16'11.27''E  

420 000 100.00 86.06 47.06 

2 13 Türkenschanzpark 
48°14'8.27''N  
16°20'9.35''E  

150 000 78.15 49.22 68.40 

1 14 Lassallestraße 
48°13'12.8''N  
16°23'37.4''E  

1 060 19.33 20.52 43.71 

2 15 Wertheimsteinpark 
48°14'35.27''N  
16°21'24.28''E  

62 500 39.12 23.42 28.01 

1 
16 "Altmannsdorfer Straße X  
        Anton Baumgartner Straße (Interspar)" 

48°9'7.67''N  
16°19'12.56''E  

280 12.44 21.13 45.33 

2 17 Fridtjof Nansen Park 
48°8'40.99''N  
16°16'53.2''E  

56 550 48.58 54.58 35.39 

3 18 Donauinsel 
48°15'24.75''N  
16°22'51.55''E  

3 900 000 60.41 36.37 51.18 

1 19 Wolkersbergenstraße 
48°10'34.72''N  
16°16'23.98''E  

450 10.33 73.99 77.85 

1 
20 "(Am Heidjöchl);  
        Heidjöchlstraße (~9) X Hasibederstraße (~2)" 

48°14'14.89''N  
16°29'9.5''E  

380 6.91 68.29 54.88 

3 21 Prater 
48°11'31.97''N  
16°26'11.94''E 

6 000  000 100.00 100.00 69.35 

The study sites were assigned to three different categories: 1 = small patch; 2 = intermediate park; 3 = large green area. The study sites are numbered in the order of 
observation. Coordinates are given for the 1 m² observation plots located in the study site areas. The sizes of the study sites are given in square meters. Percentages are given 
for the amount of green area in the surrounding radii (100 m, 500 m, 1 000 m).  
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Table3. 

The number of anthetic and withered Trifolium individuals per plot, Shannon diversity indices, percentages of vegetation cover in the transects and percentages of flower cover 

in the observation plots of 21 study sites in the city of Vienna. 

Category 
Site 
No. & Name 

No.  
anthetic 
Trifolium 

repens 

No. 
anthetic 
Trifolium 
pratense 

No. 
withered 
Trifolium 

repens 

No. 
withered 
Trifolium 
pratense 

Shannon 
Diversity 

Index 

Vegetation- 
cover 

Transect 
(%) 

Flower-
cover 

per plot 
(%) 

2 1 Botanischer Garten Wien  67 29 55 22 1.47 82.30 3.00 
1 2 Altes AKH Campus Hof 8 28 72 33 78 1.33 77.25 8.00 

3 
3 Zentralfriedhof Tor 3  
   (Park der Ruhe und Kraft)  

38 29 44 23 1.64 100.00 5.00 

1 4 Hugo Breitner Hof; Housing Complex 63 28 48 4 0.65 100.00 4.00 
2 5 Hedwig und Johann Schneider Park 23 15 25 2 1.09 64.90 2.00 
1 6 Girardipark/Karlsplatz 67 51 74 38 1.23 84.00 7.00-8.00 
3 7 Schwarzenbergpark 47 25 30 41 1.48 82.50 3.00-4.00 
2 8 Miep-Gies-Park 53 27 21 2 1.1 93.50 5.00-6.00 
3 9 Kurpark Oberlaa 109 39 63 16 1.56 93.50 13.00 
1 10 Schönbrunner Allee 2-22 13 19 16 19 1.72 87.05 5.00-6.00 
2 11 Roter Berg 31 12 5 1 1.05 87.00 4.00 

3 
12 Steinhofgründe,  
     Otto Wagner-Spital 

9 19 8 0 1.68 100.00 3.00 

2 13 Türkenschanzpark 34 31 15 25 1.39 100.00 6.00-7.00 
1 14 Lassallestraße 19 27 19 14 1.51 96.75 6.00 
2 15 Wertheimsteinpark 66 68 47 40 1.07 98.75 11.00-13.00 

1 
16 "Altmannsdorfer Straße X  
        Anton Baumgartner Straße (Interspar)" 

90 37 17 23 1.43 75.50 11.00 

2 17 Fridtjof Nansen Park 63 22 28 16 1.37 99.00 6.00 
3 18 Donauinsel 125 37 77 41 1.03 74.50 12.00-15.00 
1 19 Wolkersbergenstraße 35 8 18 1 0.9 95.75 3.00-4.00 

1 
20 "(Am Heidjöchl);  
        Heidjöchlstraße (~9) X Hasibederstraße (~2)" 

54 20 65 18 1.62 73.35 10.00 

3 21 Prater 81 31 79 5 0.37 100.00 5.00 

The study sites were assigned to three different categories: 1 = small patch; 2 = intermediate park; 3 = large green area. The study sites are numbered in the order of 
observation. Number (No.) of anthetic and withered Trifolium repens and T. pratense individuals within the 1 m² plots (counted during the day of observation).  Shannon 
diversity indices were calculated on the basis of the flowering plant individuals within the transects (on the day of observation). Percentages are given for the vegetation cover 
within the transect ranges (five meter transects in the four cardinal directions starting from the edges of the plots) and for the flower cover within the observation plots.  
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The study sites of category “small patch” had an average size of 1 691.25 (± 1 762.29) m². The study sites of category “intermediate park” had an average size 

of 57 967.14 (± 47 862.97) m². The study sites of category “large green area” had an average size of 2 410 000 (± 2 194 126) m² (Table 4). The number of 

anthetic Trifolium pratense inflorescences did not differ a lot among the observation plots. On average all the categories showed similar numbers, only 

differing by one or two individuals. We could observe a higher number of anthetic Trifolium repens inflorescences in the plots of large green areas than in 

those of small patches and intermediate parks.  

Table4. 

Parameters describing size and vegetation of the study sites, averaged by categories (mean ± standard deviations). 

Study site category 
Number of 
study sites Study site size (m²) 

Green area  
1 000 m 
(%) 

No. 
anthetic 
Trifolium 
repens 

No.  
anthetic  
Trifolium 
pratense  

Shannon 
Diversity  
Index 

Vegetation- 
cover 
Transect 
(%) 

small patch 8 1 691.25 ± 1 762.29 48.89 ± 14.01 46.125 ± 26.70 32.75 ± 20.39 1.30 ± 0.36 86.21 ± 0.10 

intermediate park 7 57 967.14 ± 47 862.97 49.04 ± 17.97 48.14 ± 18.46 29.14 ± 18.54 1.22 ± 0.18 89.35 ± 0.13 

large green area 6 2 410 000 ± 2 194 126 68.80 ± 18.21 68.16 ± 44.54 30.00 ± 7.46 1.30 ± 0.51 91.75 ± 0.11 

Percentages are given for the green area within a radius of 1 000 m around the observation plots and for the vegetation cover within the transect ranges (five meter transects 

in the four cardinal directions starting from the edges of the plots). Number (No.) of Trifolium repens and T. pratense inflorescences within the 1 m² plots (counted during the 

day of observation). Shannon diversity indices were calculated on the basis of all flowering plant individuals within the transects (on the day of observation). 
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Study site categories did not differ significantly in flowering plant diversity as estimated by the 

Shannon index (KW: X2 = 1.2562, df = 2, p = 0.5336). The Shannon index was on average 1.30 (± 

0.51) for large green areas and small patches (± 0.36) and 1.22 (± 0.18) for intermediate parks.  

The percentage of vegetation in the transect range was similar for all the three categories, with 

around 90 %. The values are slightly ascending from small patches to intermediate parks to large 

green areas. 
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Figure 13. Bar chart with the average (± SD) Shannon diversity index for each study 

sitecategory. “small patch” (n = 8), “intermediate park” (n = 7), “large green area” (n = 

6) 

 

Figure 12. Bar chart visualising the Shannon diversity index for each study site in 

ascending order. The different colours represent the study site categories. 
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The average green area within a radius of 1 km was around 49 % for small patches (± 14.01) and 

intermediate parks (± 17.97) and around 69 % (± 18.21) for observation plots of large green areas. 

Study site category and percentage of green area showed no significant correlation (linear 

regression: p (uncorr.) = 0.12483).  
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Figure 15. Bar chart with the average (± SD) percentage of green area for each study 

site category within the buffer radius of 1 000 m around the observation plots. “small 

patch” (n = 8), “intermediate park” (n = 7), “large green area” (n = 6) 

 

Figure 14. Bar chart visualising the percentage of green area within the buffer radius 

of 1 000 m around the observation plot, for each study site in ascending order. The 

different colours represent the study site categories. 
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3.2. Seed set 

The number of developed seeds per Trifolium repens /Trifolium pratense inflorescence was 

variable among all 21 study sites (Appendix 6.). The number of developed seeds per Trifolium 

pratense inflorescence was slightly ascending from category “large green area” to “intermediate 

park” to “small patch”. The number of developed seeds per Trifolium repens inflorescence was 

almost exactly the same in small patches and large green areas, and a little less in intermediate 

parks. However, those differences were not significant for any of the Trifolium species, when 

comparing the study site categories (Fig. 16),  

Trifolium repens: Kruskal-Wallis x² = 1.6134, df = 2, p = 0.4463 

Trifolium pratense: Kruskal Wallis x² = 2.8002, df = 2, p = 0.2466 

In general, across all categories, there were more developed seeds per Trifolium repens 

inflorescence than per Trifolium pratense inflorescence. In small patches, there was a mean 

difference of 19 developed seeds per inflorescence between the Trifolium species. In intermediate 

parks, the number of developed seeds varied by 11. In large green areas, Trifolium repens 

inflorescences had 28 developed seeds more than Trifolium pratense, which is almost double the 

number. 

 
Figure 16. Mean number (± SD) of developed seeds per Trifolium repens/Trifolium  

pratense inflorescence averaged for the three study site categories: “small patch”  

(n = 8),“intermediate park” (n = 7), “large green area” (n = 6). 

  small patch intermediate park large green area 

Trifolium repens  56 ± 18.55 43 ± 23.65 55 ± 14.94 

Trifolium pratense 37 ± 15.92 32 ± 11.63 27 ± 8.11 
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Figure 16. Mean number (± SD) of developed seeds per Trifolium repens/Trifolium 

pratense inflorescence averaged for the three study site categories: “small patch”  

(n = 8),“intermediate park” (n = 7), “large green area” (n = 6). 
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3.3. Pollinator diversity 

For the statistical analyses, we divided all the observed pollinators into six taxonomic groups: Apis 

mellifera, Bombus cf. lapidarius, Bombus cf. pascuorum, Bombus sp., Other Apoidea, and Other 

Insects.  

The three species (Apis mellifera (Fig. 17), Bombus cf. lapidarius (Fig. 18), Bombus cf. pascuorum 

(Fig. 18)) were the main pollinators in our study. The group “Bombus sp.” (Fig. 18) may have also 

included additional individuals of Bombus cf. pascuorum and Bombus cf. lapidarius, which could 

not be identified with certainty, as well as other Bombus species (e.g. Bombus cf. hortorum, 

Bombus cf. terrestris, Bombus cf. humilis) or unidentified individuals. The group “Other Apoidea” 

(Fig. 19) included not elsewhere identified individuals that belong to the superfamily of Apoidea 

(e.g. genera: Hylaeus, Andrena) or individuals of the family Halictidae (e.g. genera: Halictus, 

Lasioglossum). The group “Other Insects” (Fig. 20) included all the weakly represented pollinators 

in the study (or unidentified individuals of the order Hymenoptera), including Lepidoptera, 

Coleoptera, Syrphidae. 

   
 

 

 

Figure 17. Apis mellifera 
top: dorsal view 
bottom: head view 

Figure 18. Bombus sp. 
from top left to bottom right: 
Bombus sp., Bombus cf. lapidarius, 

Bombus sp., Bombus cf. pascuorum 

Figure 19. Other Apoidea 
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The main pollinator taxa in the 21 study sites were the European honeybee (Apis mellifera) (eight 

sites), different species of Apoidea (five sites) and different species of Bombus: Bombus cf. 

lapidarius (three sites), Bombus cf. pascuorum (four sites), Bombus sp. (one site) (Fig. 21). The 

insect taxa composition varied considerably between the sites. For detailed numbers of pollinating 

insect taxa in each specific site, see Appendix 4. 

Looking at the remaining insect groups, there were some conspicuities. In study site 7, there was a 

relatively high proportion of Lepidoptera (13.89 %). With a lower percentage, Lepidoptera were 

also observed in study sites 4, 2, 5 and 21. There was only one Coleoptera observed and identified 

in study site 9 and one Syrphidae, which pollinated in study site 6. In study site 14, 10 % of the 

pollinators were Halictidae. In study sites 16, 6 and 13 Halictidae only made up a very small 

proportion (Fig. 21). 

When summarizing the pollinator diversity data (Fig. 22), the main pollinator in each study site 

category was Apis mellifera. In large green areas Apis mellifera almost made up 50 % of the 

observed pollinators. Within small patches, “Other Apoidea” constituted almost the same 

proportion as Apis mellifera. In intermediate parks, “Other Apoidea”, Bombus cf. lapidarius and 

Bombus cf.pascuorum made up relatively similar proportions (18.12 %, 19.16 %, 13.94 %). In large 

green areas we found the highest proportion of not more accurately identified Bombus species. 

Bombus cf. lapidarius and Bombus cf. pascuorum accounted for the same proportion (8.67 %) in 

this study site category. Other insects made up only a fraction of the pollinators in each of the 

categories, with slightly higher numbers in small patches and intermediate parks. 

Figure 20. Other insects  

(these pictures also include visitors). 
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All mentioned insect taxa were observed in every study site category, but not necessarily in each 

site. Most bumblebees were observed in intermediate parks, most honeybees in large green areas, 

and the most “Other Apoidea” pollinators in small patches (Fig. 22). 

 
Figure 21. Pollinator diversity for the 21 study sites. Percentage of insect taxa observed on Trifolium repens and 

Trifolium pratense in the observation plot. 
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Figure 22. Pollinator diversity summed up for the 3 study site categories: SP = small 

patch (n = 8), IP = intermediate park (n = 7), LGA = large green area (n = 6) Percentages of 

insect taxa observed on Trifolium repens and Trifolium pratense in the observation plot. 
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3.4. Pollination frequency and pollinator frequencies 

Overall, the pollination frequencies for Trifolium pratense were lower than those for Trifolium 

repens (Fig. 23).  

 
Figure 23. Pollination frequency for 21 study sites: number of probed Trifolium repens and Trifolium pratense 

inflorescences per hour. 

There was no significant difference in pollination frequency between study site categories for 

either Trifolium repens or Trifolium pratense.  

Trifolium repens: Kruskal-Wallis x² = 0.38186, df = 2, p = 0.8262  

Trifolium pratense: Kruskal Wallis x² = 1.018, df = 2, p = 0.6011 

A single T. repens inflorescence attracted on average 1.21 (± 0.64) pollinators per hour in small 

patches, 1.48 (± 1.03) pollinators per hour in intermediate parks and 1.39 (± 0.72) pollinators per 

hour in large green areas (Fig. 24). T. pratense was visited less than T. repens. T. pratense attracted 

on average 0.67 (± 0.36) pollinators per hour in small patches, 0.68 (± 0.47) pollinators per hour in 

large green areas and 0.92 (± 0.57) pollinators per hour in intermediate parks (Fig. 24). 
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To a lesser extent, Trifolium inflorescences were also visited by several insect taxa, which could 

not be considered pollinators as they simply landed or crawled around on the flowers, but not 

probing for rewards or contacting reproductive organs (e.g. most of the observed individuals in the 

group "Other Insects" were only visitors). The frequency of visiting insects was also calculated 

over the three study site categories (Fig. 25). The visitor frequencies per inflorescence per hour for 

T. repens were 0.30 (± 0.15) (category “small patch”), 0.28 (± 0.14) (category “intermediate park”), 

0.25 (±0.17) (category “large green area”). The visitor frequencies per inflorescence per hour for 

T. pratense were 0.16 (± 0.09) (category “small patch”), 0.22 (± 0.12) (category “intermediate 

park”), 0.26 (± 0.30) (category “large green area”) (Fig. 25). However, as this study focused on 

pollinators, this observation data concerning Trifolium visitors was not used for further analyses. 

Figure 24. Pollination frequency: probed Trifolium inflorescences per hour averaged (± SD) for 

the three study site categories: “small patch” (n = 8), “intermediate park” (n = 7), “large green 

area” (n= 6). 
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Further, the pollinator communities, in terms of main pollinators probing the inflorescences, 

differed between the two Trifolium species, despite co-occurrence of both species in the 

observation plots (Fig. 26, Fig. 27). 

The 21 sites showed different patterns of pollinator frequencies. But across all three study site 

categories, the main pollinator of Trifolium repens was Apis mellifera. On average, “Other 

Apoidea” and Bombus cf. lapidarius showed the next highest numbers of pollinating incidents per 

inflorescence per hour among the study sites. Bombus cf. pascuorum, Bombus sp. and “Other 

Insects” showed a lower pollinating frequency in most of the study sites (Fig. 26). 

Figure 25. Visitation frequency: visited Trifolium inflorescences per hour averaged (± SD) for the 

three study site categories: “small patch” (n = 8), “intermediate park” (n = 7), “large green area”  

(n = 6). 
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Figure 26. Pollination frequency - probed Trifolium repens inflorescences per hour - calculated for 21 study 

sites, considering the six taxonomic pollinator groups. 

By far the most frequent pollinators of T. pratense across the study site categories were Bombus 

species. Bombus cf. pascuorum was strongly represented in all site categories. Still, there were 

various pollinator compositions and frequencies among the 21 study sites. Apart from that, the 

pollinator groups “Other Insects”, Apis mellifera and “Other Apoidea” were less frequent in almost 

all of the study sites (Fig. 27). 

 
Figure 27. Pollination frequency - probed Trifolium pratense inflorescences per hour - calculated for 21 study 

sites, considering the six taxonomic pollinator groups. 
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The PCA gives an overview on the differences of pollinator frequencies when looking at some 

influencing factors. Fig. 28 shows that the main pollinator groups differed depending on the 

Trifolium species, but not necessarily depending on the study site categories. More detailed results 

are stated for PerMANOVA and Wilcoxon test.  

 
Figure 28. Principal Component Analysis (PCA) - showing the simplified and structured dataset of pollinator 

frequencies and the variance of the variables.  

For both Trifolium species, pollinator frequencies of the different pollinator groups did not differ 

significantly across the three study site categories (“small patch”, “intermediate park”, “large green 

area”) or when looking at the interaction between the two Trifolium species and the three study 

site categories (Table 5). However, the pollinator frequencies of the diverse pollinator groups 

displayed a significant difference between the two Trifolium species (p = 9.999e-05 ***) (Table 

5). 

Table 5. 

PerMANOVA calculating the differences in pollinator frequencies, influenced  

by term-variables. 

PerMANOVA 

term-variable F r² p - value 

1) Trifolium species 10.1856 0.21283 9.999e-05 *** 

2) Study site category 0.6950 0.02905 0.7648 

1) * 2) 0.1405 0.00587 0.9992 
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The pollinator frequencies of Apis mellifera and “Other Apoidea” were significantly higher for 

Trifolium repens than for Trifolium pratense, whereas pollinator frequencies of Bombus cf. 

pascuorum and Bombus sp. were significantly higher for T. pratense inflorescences per hour than 

for T. repens. Bombus cf. lapidarius was the only pollinator equally frequent at both Trifolium 

species (Table 6). 

Table 6. 

Wilcoxon-test calculating detailed pollinator frequency differences between 

 the two Trifolium species. 

Wilcoxon 

term-variable  pollinators W p - value 

Trifolium species 

Apis mellifera 69.5 5.18E-02 

Bombus cf. lapidarius  201.5 0.632 

Bombus cf. pascuorum 322.5 0.006864 

Bombus sp. 298 0.02381 

Other Apoidea 80 0.0003471 

Other Insects 201.5 0.5331 

 

3.5. Effect of environmental factors on pollination frequency and seed set 

We looked at different environmental factors, which would possibly influence pollination 

frequency per day per site for Trifolium repens and Trifolium pratense and seed set of T. repens 

and T. pratense. 

The percentage of cloud cover was balanced within each study site category, which means there 

were sites and thereby observation days, which were more and less cloudy in all size categories. 

Therefore we could expect no bias through differences in the coverage of the sky by clouds on the 

variable “study site category”.  

 

 

 

 

Figure 29. Dotchart, showing the distribution of the cloud cover – values of the study 

sites. The percentages of the variable are indicated on the x-axis and the order of the 

observations of the variables on the y-axis (from bottom to top), grouped in categories  

1 - 3. 1 (top), 2 (middle), 3 (bottom). 
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Different linear models did also not show any significant influence of the variable “cloud cover” 

on pollination frequencies per day per site for Trifolium repens and Trifolium pratense (only if 

cloud cover exceeded a too high percentage (ca. 85 - 90 %), pollination frequencies decreased 

rapidly). 

Concerning the percentage of green area within the analysed surrounding radii, we could see a 

slight trend. On average the amount of green area within 100 m, 500 m and 1 000 m radii was 

bigger with higher category number (increasing from category “small patch” - category 

“intermediate park” - category “large green area”). Dotcharts are pictured in the Appendix 7. 

3.5.1. Effect of environmental factors on pollination frequency 

From all the considered environmental factors, there was only the variable “number of anthetic 

T. repens inflorescences in the plot”, which had a significant influence (p = 0.017 *) on the 

pollination frequency per day per site for the species Trifolium repens (Table 7). A higher number 

of anthetic T. repens inflorescences in the plot is significantly benefiting the pollination frequency 

per day per site for T. repens. 

 
  

 

 

 

  

Figure 30. Positive correlation between the two 

coefficients “number of anthetic T. repens 

inflorescences in the plot” (anthTrPlot) and 

“pollination frequency per day per site for  

T. repens” (PollTrDSite). 
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Likewise, the pollination frequency per day per site for the species Trifolium pratense was only 

significantly influenced by the environmental factor “number of anthetic T. pratense 

inflorescences in the plot” (p = 0.00133 **) (Table 7). With a rising number of anthetic T. pratense 

inflorescences in the plot, the pollination frequency per day per site for T. pratense was increasing. 

 
 

 

 

 

 

3.5.2. Effect of environmental factors on seed set 

There was no significant influence of the tested environmental factors on the number of 

developed seeds per Trifolium repens inflorescence. In contrast, in the case of Trifolium pratense 

the diversity index (p = 0.0117 *) and the percentage of green area within 100 m radius around the 

observation plot (p = 0.0464 *) had a significant influence on the number of developed seeds per 

T. pratense inflorescence (Table 7); seed set increased with flowering plant diversity in the 

transect and decreased with higher proportions of green area within a 100 m radius around the 

observation plot. 

Figure 31. Positive correlation between the two 

coefficients “number of anthetic T. pratense 

inflorescences in the plot” (anthTpPlot) and 

“pollination frequency per day per site for 

T. pratense”(PollTpDSite). 
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Figure 33. Negative correlation between the two 

coefficients “percentage of green area in the radius 

of 100 m around the observation plot” (GreenA100) 

and “number of developed seeds per T. pratense 

inflorescence” (SeedsTpInflo). 

Figure 32. Positive correlation between the two 

coefficients “diversity index” (DivIndex) and 

“number of developed seeds per T. pratense 

inflorescence” (SeedsTpInflo). 
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Table 7. 

Results from the generalized linear models; 

Response variables: "pollination frequency per day per site for T. repens" (PollTrDSite), "pollination frequency per day per site for T. pratense" 

(PollTpDSite), "number of developed seeds per T. repens inflorescence" (SeedsTrInflo), "number of developed seeds per T. pratense inflorescence" 

(SeedsTpInflo). 

Explanatory variables: "number of anthetic T. repens inflorescences in the plot” (anthTrPlot), "number of anthetic T. pratense inflorescences in the 

plot” (anthTpPlot), "diversity index" (DivIndex), “percentage of green area in the radius of  100 m around the observation plot” (GreenA100) 

response variable residual deviance explained deviance  dispersion parameter significant explanatory variable p - value   

PollTrDSite 606.38 25.3061 31.47892 anthTrPlot 0.017 *  

PollTpDSite 234.91 39.88382 12.39932 anthTpPlot  0.00133 ** 

SeedsTrInflo 157.81 1.84114 7.647796 / / 

SeedsTpInflo 63.806 42.98811 3.382691 DivIndex 0.0117 * 

    GreenA100 0.0464 * 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

3.5.3. Study site category – Influence 

Unlike our prediction, the chosen study site categories, meaning green area sizes, did not have a significant influence on the pollination frequency per day 

per site and on seed set.  
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4. Discussion 

4.1. Summary of the main results 

In contrast to our expectations, pollination frequency, seed set, and diversity of pollinator species 

did not increase with green area size. Pollination frequency per day and site for each Trifolium 

species was only significantly influenced by the number of anthetic Trifolium inflorescences in 

the observation plot. If summarizing all the study sites, the overall pollination frequency was 

higher for Trifolium repens inflorescences than for Trifolium pratense inflorescences.  

Seed set of Trifolium repens was unaffected by the tested environmental factors. The number of 

developed seeds per Trifolium pratense inflorescence increased with a higher diversity index and 

decreased with a higher proportion of green area within a 100 m radius around the observation 

plot.  

Other environmental factors (diversity index, green area (radii 100 m, 500 m, 1000 m), cloud 

cover, pollination frequency, no. anthetic/withered Trifolium in the plot, no. of pollinators per 

day) did not have a significant impact on our tested variables either.  

Pollinator community compositions did not show significant variation between „small patches“, 

„intermediate parks“ and „large green areas“, but differed between Trifolium repens and Trifolium 

pratense. As expected across the three study site categories, the main pollinator of T. repens was 

Apis mellifera, whereas T. pratense was mainly pollinated by Bombus species. 

In the following, we discuss factors potentially influencing pollinator diversity, pollinator 

frequency, besides considering pollinator habitat adaptations and demands, and seed set. We 

discuss the relevance of tested environmental factors for pollination frequency and seed set. 

Furthermore, we explain variations in study site characteristics and possible shortcomings and 

limitations of our approach. In the end, we draw conclusions, make suggestions on bee-friendly 

management strategies in the city and present ideas for further research on the topic. 

4.2. Pollinator diversity 

The main pollinator taxa in our study were: Apis mellifera, Bombus cf. lapidarius, Bombus cf. 

pascuorum, Bombus sp., “Other Apoidea” and “Other insects” (which were less dominant) made 

up other pollinator groups.  
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Pollinator species compositions varied considerably among our 21 study sites, which may be 

explained by the high diversity of habitat types (see Fig. 21). Study sites differed in attributes of 

vegetation cover and surrounding environment. This could enhance the variability of nesting 

opportunities and floral resources, which satisfy various requirements of pollinators and therefore 

support the development of a rich insect fauna (Tommasi et al., 2004; Theodorou et al., 2017). Vienna, 

where our study was performed, is home to 456 different wild bee species (in 2015) (Presse-Service 

Rathauskorrespondenz Stadt Wien, 19.04.2019). A study in Saxony-Anhalt (Germany) emphasized the 

potential of sustainably managed urban areas for plant-pollinator interactions. They found higher 

pollinator diversity, abundance and pollination frequencies in urban than in rural areas (Theodorou 

et al., 2017). Andersson (2006) stated that high biodiversity in old city parks could be ascribed to 

historical land-use on these landscapes. Moreover, cities exhibit an increase in cavity-nesting bees, 

which is possibly due to urban structures (e.g. holes in buildings, gravel, fences, etc.) (Hernandez et 

al., 2009). 

In contrast, frequent disturbances on habitat sites, such as mowing or soil tillage, may lead to a 

decrease of pollinator richness (Tommasi et al., 2004). Monotonous lawns pose another challenge to 

pollinators, because they provide poor food resources and show fewer indicators in form of 

flowering plants, to guide bees the way to other forage patches (Tommasi et al., 2004). These can be 

reasons why ecosystem-managed landscapes, such as naturescape parks or community gardens, 

often show higher species diversity than traditional-managed landscapes (Tommasi et al., 2004). 

Apis mellifera was the main pollinator throughout our whole study area. That is not a surprising 

result, because honeybees are common pollinators in urban areas, not particularly demanding 

regarding their nesting habitats and generalist foragers. They visit flowers of a lot of different 

plant species, also non-native plants, which often are cultivated in urban landscapes (Breed, 2010; 

Bates et al., 2011; Threlfall et al., 2015; Koyama et al., 2018). Around 5000 honeybee colonies are 

currently reported in the Vienna city area (Presse-Service Rathauskorrespondenz Stadt Wien, 

19.04.2019). The presence of beehives in close surroundings of the study sites is another possible 

explanation for our result. These evidences did strikingly not always coincide with our 

observations.However, close-by presence of beehives is not always reflected in our data. For 

example, beehives are situated at study site number 13 „Türkenschanzpark“, but Apis mellifera did 

not visit our observation plot on the day of the data collection. Competition could also impact the 

distribution and foraging behaviour of different bee species. Different species of wild bees rarely 

occur in areas where many beehives are present, suggesting a competition between honeybees and 
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wild bees (Berger & Ehrendorfer, 2011). Honeybees are polylectic foragers and might easily suppress 

oligolectic species at in a resource-poor area (Kearns & Inouye, 1997). Wild bees will therefore react 

to it with diverse avoidance strategies, temporal, spatial, and in terms of floral resource utilisation 

(Zurbuchen & Müller, 2012). Provision of diverse food resources in a habitat area can support the co-

existence of different bee species (Tylianakis et al., 2008). 

“Other Apoidea” were also quite frequent pollinators across all our study sites followed by 

different Bombus species. In general, the pollinator diversity was not differing very much between 

our study site categories. However, slight variations in species composition were detected (see Fig. 

22). Highest proportions of honeybees were observed in large green areas, highest proportions of 

bumblebees in intermediately sized parks, and most “Other Apoidea” pollinators in small patches. 

Some researchers reported that honeybees prefer more continuous green areas with less sealed 

surfaces in the surrounding. In contrast, especially bumblebees might profit by nesting availability 

in urban sites, with a lot of hedges, garden structures, etc. (Verboven et al., 2014).  

Additionally, bumblebees are good indicators of habitat quality. Long-tongued bumblebees 

(tongue length 75-80 % body length), like Bombus cf. pascuorum and Bombus cf. lapidarius 

(Hintermeier & Hintermeier, 2017) benefit from high diversity, availability and quality of food 

resources, which may be diverse in city parks and human influenced areas (Beriatos & Brebbia, 2011; 

Diaz-Forero et al., 2014). Compared to small patches and intermediate parks, large green areas 

showed a higher proportion of Bombus species, which we could not identify to species level. 

Diverse landscapes with a lot of meadows, edge structures and especially adjacent forests lead to 

increasing bumblebee species richness (Diaz-Forero et al., 2013). Additionally, the bigger green area 

size facilitates more specialized bumblebees to find accurate nesting sites (Beriatos & Brebbia, 2011; 

Diaz-Forero et al., 2013). 

Wild bees (e.g. genera Halictus or Andrena) can be found in various habitats. They are innovative 

in terms of nest construction, if their ecological requirements are not too specific. Gravel pits, 

pavements and stonewalls are just some examples (Hintermeier & Hintermeier, 2017). Small bees are 

usually more specialized regarding their nesting habitats (Rathcke & Jules, 1993; Breed, 2010). Areas 

of settlement offer a lot of synanthropic wild bees a great variety of nesting resources (Hintermeier 

& Hintermeier, 2017). 

In study site 14 „Lassallestraße“, we observed the biggest proportion (10 %) of identified 

Halictidae. It is a lawn surrounded by trees, next to a big office building. This habitat area lies 

within a matrix of predominantly sealed surfaces and human influenced infrastructure. Although 

https://www.bee-safe.eu/article/competition-honey-bees-bumblebees/Kearns
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there were less anthetic Trifolium repens in the observation plot, this study site had a relatively 

high diversity index and moderate flower cover. These factors, together with ground-nesting 

possibilities, benefit Halictidae (Theodrou et al., 2017). 

Study site 7 „Schwarzenbergpark“ showed the biggest proportion of Lepidoptera (approx. 14 %). 

This could possibly be due to a more species-rich lawn and high grasslands adjacent to the Vienna 

woods. Or it was just a coincidence on the observation day. However, since species diversity and 

abundance of Lepidoptera is widely supported by native vegetation (Burghardt et al., 2009; Threlfall 

et al., 2015), it was not surprising that these pollinators were more present in study site 7, where 

the landscape is characterized by native plants. 

It is worth mentioning that also the time of season causes variability of bee species abundance, as 

already reported by Tommasi et al. (2004). In this regard, further investigations at other times of 

the day and season would make sense and may reveal different species compositions on our study 

sites. 

4.3. Pollination frequency and pollinator frequencies 

The pollinator frequencies did not show significant differences among our study site categories. 

Against our expectation, pollination frequency did not increase with green area size. This 

contrasts with some other studies: Sowig (1989) came to the conclusion that habitat size had an 

influence on visitation rates and the pollinator community.  Sih & Baltus (1987) observed higher 

visitation frequencies of honeybees and bumblebees to larger patches, whereas solitary bees visited 

larger patches less frequently.  

The only tested environmental factor, which significantly influenced the pollination frequency 

per day and site for both Trifolium species was the number of the anthetic Trifolium 

inflorescences in the observation plot. This is a logical correlation because higher availability and 

density of flowering plants is synonymous to a large food supply (Wojcik & McBride, 2012). Under 

such conditions, many bees can forage on one spot, and they visually take notice of the food 

sources more easily (Tommasi et al., 2004; Hegland & Boeke, 2006). Studies in Germany and California 

found a similar positive effect of high floral display and cover on the activity and attraction of bee 

pollinators (Ebeling et al., 2008; Wojcik & McBride, 2012). Theodorou et al. (2017) underlined the 

importance of sufficient local flower availability on pollination frequency and, therefore, seed set. 

Besides, other studies could proof that other environmental factors and urban land use can affect 
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pollination frequency and seed set (Verboven et al., 2014). Investigations during a field experiment 

in Miami showed that pollination frequency was influenced most strongly by size of the habitat, 

amount of fragmentation and number of flowering inflorescences (Diekötter et al., 2007). The latter 

did also influence pollination frequency in our study. 

Comparing the two studied Trifolium species, overall pollination frequencies on T. pratense were 

lower than those on T. repens across the 21 study sites. A reason could be that several different 

pollinators are able to reach the nectar of T. repens flowers, whereas in T. pratense access to 

nectar rewards is restricted to long-tongued pollinators (Hegi et al., 1975). Moreover, Apis mellifera 

was the most dominant pollinator throughout the whole study, but predominantly probed on 

Trifolium repens. This might be an explanation for pollination frequency differences between 

T. repens and T. pratense. 

We expected that the two Trifolium species may attract different pollinators. What we found fits 

our expectations as the pollinator communities differed significantly between Trifolium repens 

and Trifolium pratense (see Fig. 28). A quite obvious explanation is the reciprocal differentiation 

of flowers and pollinators. Just like in our observation plots, both Trifolium species often co-occur, 

leading to struggle for pollinator visits among flowering individuals (Hennig & Ghazoul, 2011). Bees 

in cities are rather generalists, using a wide range of floral resources (Hernandez et al., 2009). 

Supplementary plant communities in cities predominantly consist of plant species that are 

pollinated by those generalist pollinators (Hennig & Ghazoul, 2011). When pollinators are rare, this 

may lead to competition among plant species for pollination services, if no specific plant-

pollinator specialisations exist (Hennig & Ghazoul, 2011). Trifolium repens flowers have shorter 

staminal tubes than Trifolium pratense. Many bees have adapted to different flower structures and 

flower tube lengths over time, probably to avoid competition among co-occurring bee species and 

to collect nectar and pollen in a more efficient way (Hintermeier & Hintermeier, 2017). This could 

explain our study’s outcome: Apis mellifera (tongue-length: approx. 6 - 7 mm) (Balfour et al., 2013) 

and “Other Apoidea” preferably pollinated T. repens inflorescences (showing higher pollination 

frequencies), where they can reach the nectar more easily. Bombus cf. pascuorum (tongue-length: 

approx. 10 - 13 mm) (Hintermeier & Hintermeier, 2017) and Bombus sp. were more specialized on 

T. pratense inflorescences (showing higher pollination frequencies) due to their much longer 

tongues, thus more efficient foraging technique on this Trifolium species (Corbet et al., 1991; 

Hintermeier & Hintermeier, 2017). Bombus cf. lapidarius (tongue-length: approx. 8 - 12 mm) 
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(Hintermeier & Hintermeier, 2017) was observed to pollinate both Trifolium species roughly equally 

often. 

Preferences on different nectar concentrations and abundance of nectar, as well as pollen protein 

content may also influence bees foraging behaviour (Butler, 1945; Plowright & Laverty, 1984; Somme 

et al., 2015). For example, a study in southern Belgium noticed that Bombus pascuorum and 

Bombus lapidarius preferably visited plants species which offer amino acid rich pollen, such as 

Trifolium pratense (Somme et al., 2015). Whether flower colours or scent did affect flower visiting 

preferences, cannot be clearly explained (Brian, 1954; Kevan & Baker 1983; Giurfa et al., 1995).  

Still, our results have to be considered with care, because each study site in turn showed different 

pollinator frequency compositions. These variations might be due to the following reasons: 

Weather conditions on the day of observation could have impacted the activity of various 

pollinators, hence their foraging behaviour (Corbet et al., 1993; Riessberger & Crailsheim, 1997). 

Different bee species are adapted to specific „microclimate-windows“ (Corbet et al., 1993). In field 

studies in different parts of the world, Corbet et al. (1993) found that for example Bombus 

terrestris, Bombus hortorum, and Bombus cf. pascuorum could tolerate lower temperatures during 

foraging flights than Apis mellifera and Bombus cf. lapidarius and will have a longer daily 

timeframe for foraging. Even if the weather is rainy or windy, some bumblebees continue 

foraging, while honeybees are more affected by harsh weather conditions (Hintermeier & 

Hintermeier, 2017).  

Traffic and roads can be severe sources of danger or obstacles, particularly for bumblebees. 

Bumblebees fly at lower heights when they carry heavy pollen loads and might have more 

difficulties to reach resource patches within heavily obstructed parts of the city or they get killed 

more easily when crossing roads (Hintermeier & Hintermeier, 2017). 

It seems likely that the surrounding landscape and furthermore the availability of nesting and 

foraging opportunities might be major criteria shaping the appearance of pollinating bee species 

(Ollerton & Waser, 2006, Chapter 15). Smaller bees, like Halictus and Lasioglossum are normally 

more affected by fragmentation and lack of green space, because their foraging range and flying 

distances are smaller than those of bigger bees, such as Bombus cf. pascuorum or Apis mellifera 

(Hennig & Ghazoul, 2011; Beriatos & Brebbia, 2011). Most of the time, Bombus cf. pascuorum and 

Bombus cf. lapidarius forage in a range of about 450 m form their nests (Knight et al., 2005). Smaller 

wild bees are assumed to only forage in a distance up to 250 m (Wojcik & McBride, 2012). Apis 

mellifera is said to concentrate their search for food on a few hundred meters around the nest, 
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although capable of flying kilometres away from the nest (Breed, 2010). In this regard, urban green 

space planners should also pay attention to the needs of smaller or more endangered wild bees. 

In the context of availability of floral resources (number of anthetic Trifolium repens and 

Trifolium pratense inflorescences), different times of mowing at our study sites could have been 

an issue. Bees probably chose green patches, which offer the most resources at the time of their 

foraging flights (Verboven et al., 2014).  

4.4. Seed set 

There are fundamental differences in seed development, when comparing Trifolium repens and 

Trifolium pratense. Each T. repens flower is capable of producing up to four seeds per pod, 

whereas T. pratense flowers have a lower seed production, namely no more than two seeds per 

fruit (Hegi et al., 1975). According to this, the variation in average seed set between T. repens and 

T. pratense inflorescences can simply be explained by this fact.  

Seed set of Trifolium repens and Trifolium pratense did not increase with green area size. On the 

other hand, seed set varied across all study sites, which can be explained by the coincidence of 

harvesting different inflorescences in the observation plot.  

The seed set of Trifolium repens was not significantly influenced by any of the tested 

environmental factors (pollination frequency, study site category, diversity index, green area for 

the radii 100 m – 500 m – 1 000 m, no. anthetic Trifolium in the plot, no. withered Trifolium in 

the plot, cloud cover). On the contrary, the number of developed seeds per T. pratense 

inflorescence increased when the calculated diversity index was higher. So far, we could not find 

similar studies that would explain the advantage of high plant diversity especially on the seed set 

of Trifolium pratense. But general conclusions exist, which mention that plant species diversity 

within a given habitat will lead to higher pollination frequency, because a greater variety of 

pollinators is attracted (Ghazoul, 2006). Raphanus raphanistrum showed higher seed set as a result 

of increasing pollinator visits to high species diversity plots in field experiments in the UK 

(Ghazoul, 2006). In contrast, in our study, there was no significant influence of the diversity index 

on the overall pollination frequency recognizable. Hennig & Ghazoul (2011) even found that the 

pollination incidents to Trifolium pratense were negatively affected by increasing floral display 

and plant diversity due to competitive effects.  

Additionally, our statistical model showed a reduction in seed set of T. pratense with increasing 

proportion of green area in 100 m radius around the observation plots. A study in Leuven, Belgium 
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resulted in a similar outcome for Trifolium repens (Verboven et al., 2014). They found lower 

visitation rates and seed set for T. repens when the proportion of green area in the surrounding of 

the study sites was higher. These findings are surprising; nevertheless our results can possibly be 

explained by the dispersion of pollinators depending on the interconnection of plant resources. 

The rate of pollination and thus the seed set of single Trifolium individuals may be lower in 

observation plots within a more spacious green area, due to a higher choice of foraging spots in the 

direct surrounding of the observation plot. To obtain more meaningful results concerning this 

matter, further investigations would have to be carried out.  

Apart from that, studies considered other aspects as important. For example, high seed set in 

Trifolium repens and Trifolium pratense is associated with sufficient abundance and diversity of 

bees, and sufficient numbers of co-flowering individuals of the same plant species (Theodorou et al., 

2017). Theodorou et al. (2017) noted that a high quality and quantity of pollinator visits are 

essential for successful seed set. Diekötter et al. (2007) could also draw the conclusion that higher 

pollination frequency will promote higher seed set in Trifolium pratense. Interestingly, we could 

not confirm these findings in the course of our study. Since it is known that soil conditions 

(temperature, moisture) could influence plant growth and seedling development (Passioura, 2002), 

we could conclude that seed set may also be influenced by these factors. 

4.5. Study sites 

Studies that looked at plant-pollinator interactions and pollinator diversity in an urban 

environment had various criteria to choose their study sites for their investigations: different 

distances to the city center (Verboven et al., 2014), locations within the whole city area (Hennig & 

Ghazoul, 2011), comparison of specific urban habitats, like gardens and flowerbeds (Gunnarsson & 

Federsel, 2014), different sizes of habitat patches (Sowig, 1989; Diekötter et al., 2007). 

Influences of green area size on pollinator frequency and diversity were already reported as well 

(Steffan-Dewenter, 2003; Diekötter et al., 2007; Hennig & Ghazoul, 2011). It seems likely that larger 

green areas harbour more versatile landscape and vegetation structure, hence support higher 

bumblebee diversity (Diaz-Forero et al., 2013). Researchers concluded that patch size shapes 

foraging behaviour and community composition of pollinators (Sowig, 1989; Diekötter et al., 2007). 

We designed our study based on these findings and selected our 21 observation plots in green 

areas of three different size categories to investigate plant-pollinator interactions. In addition, we 
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examined differences in local and surrounding environmental variables between the summarized 

categories. 

In contrast to our expectations, green area size did not have an influence on pollination frequency 

or pollinator diversity (see Fig. 22, Table 5). Similarly, Gunnarsson & Federsel (2014) could not 

find an influence of site size on the diversity and abundance of the observed bee species in an 

urban context. They assumed that this result was due to the strong habitat heterogeneity within 

their chosen study sites. These explanations may also apply to our case study. The diversity of 

study sites, including a mosaic of different vegetation patches within a site, makes it more 

challenging to create a meaningful categorization. In addition, the sizes of the study sites differed 

distinctly within the limiting size values, defined for the site categories. The 21 study sites were 

also quite variable in site-specific attributes such as vegetation cover, flowering plant diversity, 

adjacent urban landscape and pollinators that entered the observation plot. Also, weather 

conditions differed between the observation days. It is possible that these variances masked the 

effect of green area size on pollination frequency.  

Concerning local and surrounding variables of the study sites, we could see higher numbers of 

anthetic Trifolium repens in the observation plots of large green areas than in plots of 

intermediate parks and small patches. This may be due to lower mowing frequencies or less green 

space treatment. The vegetation coverages in the transect ranges were on average 90 % for all of 

the three study site categories and did not have an effect on pollinators or seed set. This was not a 

surprising result, because we tried to make sure that our observation plots were located as far as 

possible on a continuous part of the green area.  

In the surrounding of large green areas, there was 20 % more green space than in the other study 

site categories, which is probably due to the bigger size of the large green areas and therefore more 

extensive vegetated surface. Other types of landcover or sealed surfaces are further away.  

Studies reported that higher proportions of green area in cities and in the surrounding of 

pollinator habitats support bee pollination frequency and diversity throughout the city (Hennig & 

Ghazoul, 2011). Also, movement of animals between habitat patches is facilitated (Collinge, 1996; 

Steffan-Dewenter, 2003).  

4.6. Conclusion and recommendations for conservation  

Our study shows that green area size in the city of Vienna does not influence the diversity of 

pollinators of T. repens and T. pratense. Neither pollination frequency, seed set, nor any other 



 

48 
 

measured environmental factor (e.g. diversity index, proportion of green area) showed any 

significant differences between study site categories or positive correlation with green area size.  

This result elucidates that smaller green areas are not necessarily tantamount to lower species 

diversity or pollination frequency. Rather, the opposite is the case; even the small patches showed 

high bee diversity and offered enough Trifolium inflorescences and other plant species to attract 

pollinators. This promotes the creation and preservation of green areas in the city no matter which 

size, because they all seem to support bee diversity. However, we did not test if and what impact 

the lack of a specific green area size-category in the city may have on bee populations. We 

presume that each different type and size of green area is likely similarly important to the viability 

of bees in cities, because each probably provides unique ecosystem functions. Small patches of 

green area show additional functions, by acting as stepping stones or corridors between larger 

habitat sites and they might be important landmarks on pollinators foraging flights, resulting in 

continuous food source supply inside a more fragmented, human influenced environment (Hennig 

& Ghazoul, 2011). Study site 6 “Girardipark/Karlsplatz” would be a representative example. This 

small green area patch was situated in the centre of the city directly surrounded by a couple of 

roads and public transport lines, offering food resources to many pollinators in an uncomfortable 

setting. Large green areas may offer a great variety of nesting places, further mating and dispersal 

of pollinators is supported (Beriatos & Brebbia, 2011; Diaz-Forero et al., 2013). Parks and gardens may 

offer diverse floral food resources (Ahrné et al., 2009). In general, the characteristics of the 

landscape matrix and the individual design affect plant-pollinator interactions (Ollerton et al., 2006; 

Chapter 15). 

The number of anthetic Trifolium inflorescences in the observation plots was the only 

environmental factor significantly influencing the pollination frequency per day and site. This 

emphasizes the importance of rich floral resource availability to meet the bees’ resource 

requirements.  

Small patterned, heterogenous landscapes offer a varied food supply and a lot of nesting 

opportunities, which are one of the most essential factors for the preservation of wild bee diversity 

(Ollerton et al., 2006, Chapter 15; Zurbuchen & Müller, 2012). As has been shown in several studies, 

settlement areas can provide advantageous urban structures for wild bee populations. Parks, 

gardens and grass verges are worth mentioning in this case, but attention must be paid also to 

neighbouring areas of pollinator habitats and the interconnection of arranged flower-rich green 

spaces and natural areas (Zurbuchen & Müller, 2012). Sustainable urban planning and green space 
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management should include main strategies to enhance bee diversity, pollination services and 

plant-pollinator interactions in cities.  

Plantings in cities should focus on native plants or closely related non-native plants to provide 

sufficient flower resources (Tommasi et al., 2004). Flowering time heterogeneity supports the 

continuous availability of nectar and pollen for bee populations in cities (Vaughan & Black, 2008; 

Hicks et al., 2016). Further, reducing mowing frequency or minding spatio-temporal mowing 

coordination, enables continuously blooming foraging patches at any time of the season, equally 

distributed in the city (Zurbuchen & Müller, 2012; Threlfall et al., 2015). This is particularly important 

as is also shown by the large impact of food availability on pollinator abundance in our study. 

Creating suitable nesting habitats and offering nesting structures in an urban landscape are further 

important protective measures for wild bees. Keeping some spaces with unmanaged ground inside 

the city environment benefits ground-nesting bees (Zurbuchen & Müller, 2012; Threlfall et al., 2015). 

Cavity-nesters are in need of holes, for example in dead wood or branches, which should be 

preserved in parts of the city (Threlfall et al., 2015). Setting up nesting boxes or insect hotels in areas 

with difficult nesting conditions can support insect species richness (Hintermeier & Hintermeier, 

2017). This also provides a particularly fruitful outreach activity to encourage citizen participation. 

Stone and rocky structures, stems, and unmown patches offer bees good nesting options 

(Zurbuchen & Müller, 2012). Vegetation corridors serve as connecting elements between larger 

habitats and benefit the dispersal of species, simultaneously reducing species loss (Collinge, 1996).  

In general, Trifolium and many other Fabaceae are one of the most important host plants for a lot 

of wild bee species (Zurbuchen & Müller, 2012). Particularly, Trifolium repens and Trifolium 

pratense were good study objects for the investigation of plant-pollinator interactions in the city 

of Vienna, since both species are widespread all over the city’s green spaces. These plants 

complement a huge number of simple lawns. Reports on alternative lawn plantings emphasize the 

advantages that especially T. repens (sowing) provides compared to common Poa pratensis lawns. 

Trifolium repens does not only serve as important source of nectar and pollen for bees, it naturally 

suppresses common lawn weeds. Additionally, T. repens is capable of fixing its own nitrogen 

fertilizer via rhizobia and the root system is loosening up the soil (Daniels et al., 2013). 

Since each Trifolium species in our study favoured different main pollinators, it indicates that 

mixed green space plantings in cities might support a more stable and balanced, species rich 

pollinator community. Currently, the City of Vienna plans to plant additional shrub mixtures to 

support insect richness (Wiener Stadtgärten (Magistratsabteilung 42), n.d.). The wealth of flowering 
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plants on green spaces in the city is advantageous for urban bee populations, because they offer 

spacious and continuous food sources for pollinators. In any case, the dietary preferences 

(flowering plant species) of different bee species (especially those of the under-represented wild 

bees), occurring in the city, should be taken into account.  

In a study ordered by the municipal department, MA22 - environment protection, of the city of 

Vienna, measures to support the preservation of butterflies in parks were already discussed 

(Höttinger, 2000). These included for example the additional plantings of important nectar plants 

(like Trifolium repens, T. pratense, Tilia cordata, Aesculus hippocastanum, Robinia pseudoacacia, 

Filipendula ulmaria, Lavandula angustifolia, Tagetes patula-Hybrids) or facilitation of extensively 

cultivated green areas. In this context, the mowing frequency is reduced to ensure diverse 

flowering meadows and no fertilizers are applied in these areas. Planting shrubs and trees, 

preferably native species, benefits pollinating species and the development of caterpillars 

(Höttinger, 2000). This also points out good strategies to enhance and maintain the pollinator 

abundance and diversity in cities’ green spaces. 

Overall, there is no clear evidence for the most relevant factors (habitat diversity, flowering 

resources, competition among species, weather conditions, cloud cover, etc.) that shape pollinator 

species composition at our study sites. Considering that we also could not find strong impacts of 

our tested environmental factors on pollination frequency and seed set, we assume that there 

might be other variables, which we did not include in our analyses but might be relevant when 

studying plant-pollinator interactions in an urban context. The mowing regimes in the city, the 

presence of beehives in the close surrounding of our observation plots, any kind of disturbance 

(noise, dogs entering the observation plot, concussions, traffic, etc.), people visiting the green 

spaces, edge density, distance to the city centre or other green areas, time of season, are just a few 

ideas that could be taken into account. Our study highlights the complexity of pollination studies, 

as apparently a combination of several environmental variables is responsible for successful plant-

pollinator interactions, making it more difficult to draw definite conclusions from multiple factors. 

More detailed studies addressing potential influences, together with increased sample sizes and 

repeated sampling, would aid to nail down the combined effect on pollinator diversity and 

frequency. 

There are several studies on the topic of urban pollination, which report different factors (floral 

abundance, green area size, fragmentation, surrounding urban landscape) influencing pollinator 
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abundance in cities. Additional studies in other cities, including different plant species would help 

getting an even wider view of the influence of urban landscapes on pollination services. 

Based on the current knowledge of bees’ essential role as pollinators and in the face of their 

ongoing decline, we would like to stress the importance of the protection and support of bee 

populations. Special attention should be given to cities due to increasing urbanization. The 

integration of more bee-friendly structures and green spaces in urban landscapes, allows us to 

preserve pollination services in the city and support a high plant and bee diversity, which in turn 

leads to a higher quality of life also for the human inhabitants. 
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6. Appendix 

Appendix 1. Study site descriptions 

 

Category 1 “Small patch” consists of 8 study sites. Study sites of this category are evenly 

distributed over the whole city of Vienna. Most of them are found in denser populated areas. 

„Small patches“ are small (< 5 000 m²) green areas in between sealed surface areas in the city. This 

category includes for example grass verges next to roads and pavements, spots of planted 

flowerbeds, planted traffic islands, green areas in residential zones.  

Study Site 2 Altes AKH Campus Hof 8 is a university campus which consists of many inner 

courtyards of different sizes. These applied lawn areas are surrounded by buildings and connected 

through paths and gangways. The total campus area has a size of 25 000 m². Yard 8, where the 

observation plot was situated has a size of 3060 m².  

Study Site 4 Hugo Breitner Hof; Housing Complex measures 4 900 m², which makes it the biggest 

study site in the category 1 „small patch“. Additionally this study site had the lowest plant 

diversity (in the transect) with a calculated Shannon diversity index of 0.65. But the vegetation 

cover in the transect is the only one with 100 %. This study site can be described as a species poor 

lawn in a housing complex. It is an area of cut grass with trees in the surrounding. The whole 

housing complex is a big area of connected green patches, which are regularly mown. The 

observation plot we chose was situated on a little hill, underneath there is a garage. This study site 

was the one with the lowest percentage of green area in the surrounding within the radius of 

1 000 m. 

Study Site 6 Girardipark/Karlsplatz is a park-lawn, with a lot of Trifolium repens and T. pratense 

growing there. It is a neat and regularly watered place. There are planted trees and a path leads 

through this area. This patch is a city green spot in between big roads and the underground 

running underneath it. We chose the observation plot on a little sidehill next to the street.  

Study Site 10 Schönbrunner Allee 2-22 is a lawn patch which is situated next to a tree alley, 

houses and roads. The observation plot lay in front of a housing complex wall and close to an 

asphalt path. This study site had the highest diversity index within category 1. But it showed the 

lowest number of Trifolium repens individuals in the observation plot. 

Study Site 14 Lassallestraße is characterized as a lawn next to a big office building. It is bounded 

by a tree allee next to an asphalt path. In the immediate vicinity there are big roads, traffic 
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junctions, and a lot of buildings. The recreation area including „Wurstel-Prater“ and „Grüner 

Prater“ are close as well. 

Study Site 16 "Altmannsdorfer Straße X Anton-Baumgartner Straße (Interspar)" is a ruderal area, a 

patch of applied grass with a lot of Trifolium. This study site features the highest number of 

anthetic Trifolium repens individuals within the observation plot among category 1 - sites. Study 

site 16 is also the one with the highest percentage (11 %) of flower cover per plot within this 

category. It is the smallest study site and measures 280 m². The direct surrounding is dominated by 

big traffic junction, roads, paths and pavements, buildings. The chosen observation plot lay on top 

of a little hill next to the big “Interspar-supermarket” behind the malls’ parking ground. 

Study Site 19 Wolkersbergenstraße is a lawn stripe which is a little bit raised and situated next to 

the pavement and street. The spot is mainly covered with cut grass and Trifolium. The area is 

adjacent to the hospital Hietzing and in the direct surrounding there are some benches, sculptures 

and trees. This study site had the lowest number of anthetic Trifolium pratense in the observation 

plot and also the lowest percentage of flower cover in the plot. However the percentage (77.85 %) 

of green area within the radius of 1000 m around the observation plot was the highest within 

category 1. 

Study Site 20 "(Am Heidjöchl); Heidjöchlstraße (~9) X Hasibederstraße (~2)" is a park-lawn with 

applied grass and several different plant species (e.g. Plantago lanceolata, Trifolium, Achillea 

millefolium, Leontodon autumnalis,…) The adjacence can be described as housing and industry 

area, there are a lot of fields and also bigger housing complexes. The observation plot was located 

next to a little spot with benches, paths and a housing complex. Within the radius of 100 m, which 

represents the direct surrounding of the plot, this study site had the lowest percentage of green 

area (only 6.91 %) among category 1 – sites. 

Category 2 “Intermediate park” includes 7 study sites. Just as category 1, these study sites are 

equally distributed across the city of Vienna and our sample covers sites from the periphery to the 

city centre. Intermediate parks (10 000 m² – 250 000 m²) can be found everywhere in the city. 

They are designed differently and most of them include benches, playgrounds, paths, as they serve 

as recreational areas. 

Study Site 1 Botanischer Garten Wien is a botanical garden with many different plants in the 

centre of the city. It is a facility of the University of Vienna and the park lies behind the 

Department of Botany and Biodiversity Research, Rennweg. This study site had the highest 
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diversity index within category 2 and also the highest number of Trifolium repens individuals in 

the observation plot. 

Study Site 5 Hedwig und Johann Schneider Park consists of a park lawn, playgrounds, paths, some 

green patches. The surface is fairly mixed and the vegetation is not very diverse. Around this park 

the area is covered with bigger houses, mainly tower buildings. At the time of observation, the 

grass was largely dry. This study site had the lowest number of anthetic Trifolium repens in the 

observation plot. The flower cover made up only 2 % of the plot area, which was the lowest 

percentage among the study sites in category 2. The proportion of green area in the direct 

surrounding (100 m buffer) was low, with only 27.17 % and the vegetation cover in the transect 

range was the lowest of all study sites (64.90 %). 

Study Site 8 Miep-Gies-Park: This park includes bigger green patches, trees, playground sections, 

seating possibilities and asphalt paths. Next to the park there is an underground station and a 

bigger housing area.  

Study Site 11 Roter Berg is a semi-natural park - at least bigger parts of it - close to a forest. The 

study site shows landscape elements like grass, high grass, lawn, trees, paths. We chose the 

observation plot on top of a little hill in the middle of the study site area, at the end of a spiral 

path, which runs through a little forest patch and ends in a small glade. Among the study sites of 

category 2 „Roter Berg“ had the highest percentages of green area within all the buffer distances. 

12 individuals of Trifolium pratense in the observtion plot, was the lowest value for this parameter 

within category 2. The diversity index had the lowest value (1.05) among the study sites of 

category 2. 

Study Site 13 Türkenschanzpark measures 150 000 m² and is the biggest area within category 2. It 

is a quite diverse and well-kept park, with park lawns, trees, ponds, sculptures, a lot of paths, 

green patches, playgrounds, benches. Exclusively for this study site in category 2 the vegetation 

cover in the transect range was 100 %. 

Study Site 15 Wertheimsteinpark is a nice arranged park which is a bit raised. There are lawns, 

bushes, trees, and a path is leading around the whole area. This study site had the highest number 

of anthetic Trifolium pratense individuals (68) and also the highest proportion of flower cover in 

the observation plot among sites of category 2. In contrast, it had the lowest proportion of green 

area within the 1 000 m buffer radius. 
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Study Site 17 Fridtjof Nansen Park is a bigger, uneven park with little hills and „pits“. Grass areas, 

playgrounds, shady areas with trees, sports areas with equipment, paths, are parts of this area. 

Attaching there is a housing complex, and some unmown patches with higher grass in front of it. 

We sampled 6 study sites in Category 3 “Large green area”. 4 of them are found in the periphery of 

the city, whereas 2 of them are closer to the city centre. Large green areas are recreational areas 

for many people, but they also function as important habitat for animal and plant species and help 

preserving biodiversity in the city. 

Study Site 3 Zentralfriedhof Tor 3 (Park der Ruhe und Kraft) is a cemetery park with a big 

meadow, including some stone art sculptures. The park is located within an extensive cemetery 

area, which has many close-to-nature elements. This study site had a high percentage of green 

area in the surrounding. 89.87 % green area within the 1 000 m buffer and 100 % vegetation cover 

in the transect range. 

Study Site 7 Schwarzenbergpark is characterized by high grasslands surrounded by forest, 

particularly it is adjacent to the Wienerwald. Some paths lead through the meadows. The chosen 

observation plot was situated next to a trunk and some bushes on a small elevated hill close to a 

little pond. 

Study Site 9 Kurpark Oberlaa is a spa-garden with lawns, different green areas where people can 

relax, trees and paths leading through the area. 

Study Site 12 Steinhofgründe, Otto-Wagner Spital is the smallest study site within category 3, but 

showed the highest diversity index. At the same time it had the smallest number of Trifolium 

repens and Trifolium pratense individuals and altogether, with only 3 %, the slightest flower 

cover in the observation plot. The direct surrounding, 100 m buffer range and transect area, was 

covered with a lot of vegetation; the values counted 100 %. 47.06 %. On the other hand the site 

had the lowest proportion of green area in the 1 000 m buffer range. The study site is more natural 

and lies at the edge of a forest. It is a recreation area, trees, paths, meadows shape the picture. The 

chosen plot was situated in an area with nearby buildings, close to a path and a tennis court. The 

soil was covered with a lot of moss. 

Study Site 18 Donauinsel is a site which is more close to nature. It is a recreation area surrounded 

by the river danube. Characteristics are riverine vegetation, grasses, bushes, trees (willow), higher 

grass, and paths. Two big traffic bridges are close to this area. The observation plot was located 

close to the water, on a vegetation stripe next to a path along the river. This plot had the highest 

number of anthetic Trifolium repens individuals and the highest proportion of flover cover in the 
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observation plot. But it had the smallest percentage of vegetation in the transect range and the 

100 m buffer, among the study sites in category 3. 

Study Site 21 Prater is by far the biggest study site, with an area of 6 km². It is a recreation area 

with paths, different meadows, trees - also standing in alleys. We chose the observation plot on a 

meadow at one end of the Prater area („Lusthaus“). There are trees and bushes and grass with a lot 

of Trifolium. A path and a quiet street were only some meters away. The „Prater-main alley“ was 

also close. The plot was situated next to a trunk and some bushes. This study site had the smallest 

diversity index. The green area in the direct surrounding took a large share. 
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Appendix 2. Observation plots of the 21 study sites and their surroundings, showing the types of land-

cover/use in perimeters of 100, 500, and 1 000 m. Figures A1- A21. Source: GeofabrikGmbH and 

OpenStreetMap Contributors http://download.geofabrik.de/europe/austria.html; basemap source, see map 

depictions; own processings 

 

 Legend 

 
 

  
Fig. A1: Botanischer Garten Wien                                              Fig. A2: Altes AKH Campus Hof 8 

  
Fig. A3: Zentralfriedhof Tor 3 (Park der Ruhe und Kraft)           Fig. A4: Hugo Breitner Hof; Housing Complex  
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Fig. A5: Hedwig und Johann Schneider Park                                Fig. A6: Giradipark/Karlsplatz 

  
Fig. A7: Schwarzenbergpark                                                           Fig. A8: Miep Gies Park 

  
Fig. A9: Kurpark Oberlaa                                                                  Fig. A10: Schönbrunner Allee – 2-22 
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Fig. A11: Roter Berg                                                                         Fig. A12: Steinhofgründe, Otto Wagner-Spital 
 

   
Fig. A13: Türkenschanzpark                                                             Fig. A14: Lassallestraße 

  
Fig. A15: Wertheimsteinpark                                                         Fig. A16: Altmannsdorfer Straße X Anton Baumgartner Straße 
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Fig. A17: Fridtjof Nansen Park                                                        Fig. A18: Donauinsel 
 

   
Fig. A19: Wolkersbergenstraße                                                      Fig. A20: Am Heidjöchl; Heidjöchlstraße (~9)  
                           X Hasibederstraße (~2) 
 

 
Fig. A21: Prater 
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Appendix 3. Weather conditions averaged (six measurements) for each observation day, including temperature, humidity, cloud cover and  

windspeed – measurements and the shading of the observation plots. 

 

No. Study site Date Weather condition Temperature (°C) Humidity (%) Cloud cover (%) Windspeed Shading (%) 

1 06/07/2018 cloudy - warm 26.12 52.83 93.75 1 0 

2 06/12/2018 unsettled - windy - warm 25.72 42.00 56.25 2 25 

3 06/15/2018 cloudy - nippy 22.15 41.00 89.58 2 0 

4 06/16/2018 unsettled - warm 27.10 31.83 60.42 1-2 0 

5 06/18/2018 sunny - hot - windy 30.05 24.67 27.08 2 5 

6 06/19/2018 unsettled - hot - windy 28.42 23.83 56.25 2 0 

7 06/20/2018 sunny - hot 29.28 31.33 29.17 1 1.67 

8 06/26/2018 unsettled - warm 26.42 27.33 60.42 2 20.5 

9 06/30/2018 unsettled - windy 23.80 38.00 60.42 2 12.5 

10 07/02/2018 sunny - hot 25.58 24.17 31.25 1 23.33 

11 07/03/2018 sunny - hot 27.76 21.00 27.08 1 20.83 

12 07/04/2018 sunny - hot 28.10 21.00 22.92 1 42.5 

13 07/05/2018 sunny - hot 29.53 25.50 79.17 1 32.17 

14 07/08/2018 cloudy 23.48 34.50 33.33 1 54.17 

15 07/09/2018 sunny - hot 27.05 34.17 85.42 2 31.83 

16 07/11/2018 cloudy - hot 27.56 35.5 85.71 1 11.43 

17 07/12/2018 unsettled - warm - windy 26.20 33.67 54.17 2 23.67 

18 07/13/2018 sunny - hot - windy 27.03 33.17 39.58 2 0 

19 07/15/2018 sunny - warm 26.22 34.67 22.92 1 56.17 

20 07/16/2018 unsettled - warm 27.40 31.83 62.50 1-2 10.83 

21 07/17/2018 unsettled - warm - windy 27.33 38.33 58.33 2 4.33 

Number (No.) of study sites in the order of observation. Dates of the observation days. Weather conditions described with basic terms: warm, hot, 
sunny, cloudy, nippy, windy, unsettled. Temperature indicated in degree Celsius. Windspeed is given in numbers referring to an adapted Beaufort-
scale (0 = calm, 1 = light breeze, 2 = moderate wind, 3 = strong wind). Percentages are given for the humidity, cloud cover and observation plot-area 
that was shaded. 
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Appendix 4. Detailed numbers of pollinating insect taxa per study site. Additional information on flowering plant species in the observation plots. 

 

 

Study Site 1 Study Site 2 Study Site 3 Study Site 4 Study Site 5 Study Site 6 

Category 2 Category 1 Category 3 Category 1 Category 2 Category 1 

T. repens n = 67 
T. pratense n = 29 

T. repens n = 28   
T. pratense n = 72 

T. repens n = 38  
T. pratense n = 29 

T. repens n = 63  
T. pratense n = 28 

T. repens n =  23 
T. pratense n = 15 

T. repens n = 67  
T. pratense n = 51 

insect taxa 
number of 
pollinating 
individuals  

Flowering plant species: 10 
(%) Flower Cover: 3 
Diversity Index: 1.47 

Flowering plant species: 7 
(%) Flower Cover: 8 
Diversity Index: 1.33 

Flowering plant species: 8 
(%) Flower Cover: 5 
Diversity Index: 1.64 

Flowering plant species: 3 
(%) Flower Cover: 4 
Diversity Index: 0.65 

Flowering plant species: 4 
(%) Flower Cover: 2 
Diversity Index: 1.09 

Flowering plant species: 5 
(%) Flower Cover: 7-8 
Diversity Index: 1.23 

Apis mellifera  304 1 10 12 10 2 47 

Other Apoidea 174 
  

1 6 15 14 

Bombus cf. lapidarius 120 4 14 
 

21 1 
 

Bombus cf. pascuorum 90 
    

2 11 

Bombus sp. 49 1 3 2 3 1 
 

Syrphidae  1 
     

1 

Coleoptera 1 
      

Lepidoptera 9 
 

1 
 

1 1 
 

Other Insects 3 
      

Halictidae 4           1 

Total number of 
individuals 

755 6 28 15 41 22 74 

        

 



 

72 
 

  

Study Site 7 Study Site 8 Study Site 9 Study Site 10 Study Site 11 Study Site 12 

  

Category 3 Category 2 Category 3 Category 1 Category 2 Category 3 

  

T. repens n = 47    
T. pratense n =25 

T. repens n =53  
T. pratense n =27 

T. repens n = 109  
T. pratense n = 39 

T. repens n = 13  
T. pratense n = 19 

T. repens n = 31  
T. pratense n = 12 

T. repens n = 9 
T. pratense n = 19 

insect taxa 
number of 
pollinating 
individuals  

Flowering plant species: 5 
(%) Flower Cover: 3-4 
Diversity Index: 1.48 

Flowering plant species: 4  
(%) Flower Cover: 5-6 
Diversity Index: 1.1 

Flowering plant species: 8 
(%) Flower Cover: 13 
Diversity Index: 1.56 

Flowering plant species: 8 
(%) Flower Cover: 5-6 
Diversity Index: 1.72 

Flowering plant species: 4 
(%) Flower Cover: 4 
Diversity Index: 1.05 

Flowering plant species: 8 
(%) Flower Cover: 3 
Diversity Index: 1.68 

Apis mellifera  304 14 64 37 6 27 
 

Other Apoidea 174 5 4 4 1 6 14 

Bombus cf. lapidarius 120 8 11 8 4 10 1 

Bombus cf. pascuorum 90 3 3 2 11 
 

10 

Bombus sp. 49 1 2 
  

3 
 

Syrphidae  1 
      

Coleoptera 1 
  

1 
   

Lepidoptera 9 5 
     

Other Insects 3 
      

Halictidae 4             

Total number of individuals 755 36 84 52 22 46 25 
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Study Site 13 Study Site 14 Study Site 15 Study Site 16 Study Site 17 Study Site 18 

  

Category 2 Category 1 Category 2 Category 1 Category 2 Category 3 

  

T. repens n = 34 
T. pratense n = 31 

T. repens n = 19  
T. pratense n = 27 

T. repens n = 66 
T. pratense n = 68 

T. repens n = 90 
T. pratense n = 37 

T. repens n = 63 
T. pratense n = 22 

T. repens n = 125  
T. pratense n = 37 

insect taxa 
number of 
pollinating 
individuals  

Flowering plant species: 6 
(%) Flower Cover: 6-7 
Diversity Index: 1.39 

Flowering plant species: 8 
(%) Flower Cover: 6 
Diversity Index: 1.51 

Flowering plant species: 6 
(%) Flower Cover: 11-13 
Diversity Index: 1.07 

Flowering plant species: 8 
(%) Flower Cover: 11 
Diversity Index: 1.43 

Flowering plant species: 8 
(%) Flower Cover: (5)-6 
Diversity Index: 1.37 

Flowering plant species: 5 
(%) Flower Cover: 12-15 
Diversity Index: 1.03 

Apis mellifera  304 
   

2 22 
 

Other Apoidea 174 9 2 14 32 3 14 

Bombus cf. lapidarius 120 13 2 15 6 1 
 

Bombus cf. pascuorum 90 14 5 19 
 

2 
 

Bombus sp. 49 2 
 

6 
 

3 21 

Syrphidae  1 
      

Coleoptera 1 
      

Lepidoptera 9 
      

Other Insects 3 
      

Halictidae 4 1 1   1     

Total number of 
individuals 

755 39 10 54 41 31 35 
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Study Site 19 Study Site 20 Study Site 21 

  

Category 1 Category 1 Category 3 

  

T. repens n = 35  
T. pratense n = 8 

T. repens n = 54  
T. pratense n = 20 

T. repens n = 81  
T. pratense n = 31 

insect taxa 
number of 
pollinating 
individuals  

Flowering plant species: 4 
(%) Flower Cover: 3-4 
Diversity Index: 0.9 

Flowering plant species: 8  
(%) Flower Cover: ~10 
Diversity Index: 1.62 

Flowering plant species: 3 
(%) Flower Cover: 5 
Diversity Index: 0.37 

Apis mellifera  304 12 5 33 

Other Apoidea 174 17 11 2 

Bombus cf. lapidarius 120 1 
  

Bombus cf. pascuorum 90 2 4 2 

Bombus sp. 49 
 

1 
 

Syrphidae  1 
   

Coleoptera 1 
   

Lepidoptera 9 
  

1 

Other Insects 3 
 

3 
 

Halictidae 4       

Total number of 
individuals 

755 32 24 38 
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Appendix 5. Insect behaviour recorded during pollination frequency  

recordings on the observation days. 
 

Insect behaviour 

probing 

fast probing 

briefly probing 

slowly probing 

probing for long 

steady probing 

probing and walking 

probing and flying away fast with a wind squall, movement 

probing or visiting (not clear to see) 

visiting 

fast visiting 

briefly visiting 

precisely visiting 

tapping 

walking around 

sitting and walking around 

sitting and resting 

disturbed/chased away by a competitor 
 

 
 

Appendix 6. Mean number of developed seeds per Trifolium repens/Trifolium pratense inflorescences 

indicated for each of the 21 study sites. 
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Appendix 7. Dotcharts, showing the distribution of the green area – values of the study sites. The 

percentages of the variables are indicated on the x-axis and the order of the observations of the variables on 

the y-axis (from bottom to top), grouped in categories 1 - 3. 1 (top), 2 (middle), 3 (bottom).  

GreenA100 = % green area in the radii 100 m around the observation plot 

GreenA500 = % green area in the radii 500 m around the observation plot 

GreenA1000 = % green area in the radii 1 000 m around the observation plot 

 

 

 
 


