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Abstract 
Interspecies competition is a natural part of most eosystems, but the consequences 

can be dire for the losing species. As honeybees (Apis mellifera) are extremely 

efficient foragers it can be difficult for other bee species to compete with them, and 

it is generally feared that these bees are experiencing negative effects as a result of 

competition with honeybees. In addition to being an introduced species in many 

places of the world, honeybees are managed and used by humans both for their 

efficient pollination service and their honey production. This management by 

humans can give honeybees extra advantages over other bees, as populations that 

might die off were they natural, are kept safe by human efforts such as feeding 

colonies during winter months. As an introduced species, native bees typically have 

no adaptations to the presence of honeybees, and can have a hard time co-existing 

with honeybees that empty the landscape of resources due to their foraging 

efficiency. This competition effect is not a certainty however, with several studies 

reporting no evidence of competition taking place. There is evidence that suggests 

the variability of the landscape has an effect on the severity of the competition, 

with bees in areas dominated by a few food sources such as farmland are more 

likely to experience competition. 

This study examines whether there are negative effects from competition with 

honeybees affecting the wild bees in a highly heterogenous urban landscape. Pan 

traps are used to sample to diversity and abundance of bees in locations spread out 

over the city of Århus once a month from April to September. This sampling is used 

to test for competition, but also to examine various distributions of bees and the 

characteristics of the species in the city. In addition to this, the effects of the 

landscape composition on the abundance of bees are examined by using GIS to 

subdivide and classify the catchments of the traps at each location.  

No evidence of competition was found in any month, location or overall. Instead a 

significant positive correlation between the number of honeybees, and the number 

wild bees was found overall and for the summer months of June, July and August 

as well as one location, signifying cases where conditions supported abundance for 

all bees. The distribution of bees over the course of the study were similar to those 

found in agricultural areas. The landscape composition analysis showed that 

industrial areas are important habitats for bees, as they have a large positive 

correlation with bee abundance. It demonstrates that all parts of the urban 

environment can be important for bee abundance, not just the more obvious green 

spaces. Future research needs to have a larger number of location replicates, and 

should aim to include other pollinator orders. 
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Resumé 
Konkurrence mellem arter er en naturlig del af de fleste økosystemer, men der kan 

være alvorlige konsekvenser for taberne. Da honningbier (Apis mellifera) er 

ekstremt gode til at udnytte ressourcer, kan det være svært for andre bi arter at 

konkurrere med dem, og derfor er der generelt en frygt for at disse bier lider under 

en negativ påvirkning af konkurrence med honningbier. Udover at være en 

introduceret art mange steder i verden, bliver honningbierne passet af mennesker 

både for deres effektive bestøvnings service, og for deres produktion af honning. 

Denne pleje ydet af mennesker kan give honningbierne ekstra fordele over andre 

bier, da populationer der måske ville uddø under naturlige forhold, bliver reddet af 

menneskers indsats som f.eks. fodring af kolonier gennem vinter måneder. 

Eftersom at honningbier kan være en introduceret art, har vilde bier typisk ingen 

tilpasninger til deres tilstedeværelse, så de kan have svært ved at leve sammen 

som honningbier som kan støvsuge et område for resourcer pga. deres høje 

effektivitet når det kommer til fødeindsamling. Det er dog ikke sikkert at denne 

konkurrence finder sted, og flere studier finder ingen beviser for konkurrence. Der 

er også beviser for, at variabiliteten af landskabet spiller en rolle for hvor meget 

konkurrencen påvirker de vilde bier, hvorbier i et område der er domineret af få 

føde kilder såsom landbrugsområder, har en større chance for at være udsat for 

konkurrence. 

Dette studie undersøger om de vilde bier er under negative påvirkninger fra 

konkurrence med honningbier i et meget heterogent bylandskab. Faldfælder bruges 

til at undersøge diversiteten og abundansen af bier på forskellige lokationer spredt 

ud over byen Århus, én gang om måneden fra April til September. Fælderne bruges 

til at teste om der er konkurrence, men også til at undersøge forskellige fordelinger 

af bierne, og arternes detajler. Udover dette, undersøges hvilken påvirkning 

sammensætningen af landskabet har på mangfoldigheden af bier, ved at bruge GIS 

til at underopdele og klassificere fangstområderne af fælderne ved hver lokation. 

Der blev ikke fundet nogen beviser for at konkurrence finder sted under nogen 

måned, lokalitet eller samlet set. Istedet blev der fundet en signifikant positiv 

korrelation mellem antallet af honningbier og antallet af vilde bier samlet set, i Juni, 

Juli og August og ved en enkelt lokation, hvilket indikerer tilfælde hvor forholdene 

har været gode nok til at der er store antal både vilde og honningbier. Fordelingen 

af bier over perioden der blev fanget bier i, minder meget om den som findes i 

landbruget. Analysen af sammensætningen af landskabet viste at indutri områder 

er vigtige levesteder for bier generelt, eftersom der var en signifikant positiv 

korrelation med abundansen af bier for denne områdetype. Det viser at alle dele af 

bymiljøet, ikke kun de grønne arealer, kan være vigtige for biernes mangfoldighed. 

Fremtidig forskning behøver et større antal replikater af lokationer, og bør 

bestræbe sig efter at inkludere andre ordner af bestøvere.  
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Introduction 
This introduction will cover first the honeybees and what makes them especially 

effeicient in their foraging compared to other bees, before describing some 

important characteristics of those other bees. Then competition and its impact will 

be described, and finally the urban environment will be introduced. 

Honeybees 

Honeybees are extremely efficient at foraging, with numerous adaptations help find 

resources, or that enable them to use division of labor so that the entire colony 

operates more like a single organism. Adaptations like their recruiting waggle dance 

(Ratnieks, Couvillon, and Schu 2014; Sasaki 2015), the way they share resources 

through the entire colony with a so-called “common stomach” (Schmickl and Karsai 

2016), or their ability to find micro-nutrients (Bonoan et al. 2017). This efficiency 

means that honeybees are very good at extracting resources from an area for the 

colony, potentially leaving it empty for other bees. Considering the sheer size of 

honeybee colonies in terms of individuals (Smith, Ostwald, and Seeley 2016), each 

colony does have a great need for all the food resources the workers forage for, 

especially considering that in order to survive in cooler climates and for 

overwintering the bees will use their wing muscles to produce heat that warms the 

colony (Helmut, Anton, and Robert 2009; Stabentheiner et al. 2003). Constantly 

producing this heat requires a lot of energy, which in turns requires a lot of foraging 

to get the resources that is converted into this energy.  

Due to their need for a large amount of resources honeybees tend to focus on 

larger occurrences of flowers (Visscher and Seeley 1982) such as mass blooms of 

natural flower patches or more likely considering human use of honeybees, crops 

and orchards where beehives are set up specifically to pollinate the flowers and 

hence enhance yield. However considering that crops are in bloom for a certain 

period of time, such as for example rapeseed (Brassica napus) which is only in 

bloom in May to June in Denmark (Dansk Flora, 2006), the honeybees might find 

themselves losing their primary source of food and be forced to search for new 

sources, which might be wildflowers in use by native bees. Due with the efficiency 

of honeybees these wildflowers could be rapidly depleted by the honeybees 

resulting possibly in competition effects for the wild bees depending on the flowers 

(Torné-noguera et al. 2016). 

Pollen specialization and nesting preferences of wild bees 

Bees are classified as either poly- or oligolectic according to whether they gather 

pollen from many or one plant family respectively. So a polylectic bee will gather 

resources from many different families, while an oligolectic one will search for and 

use only a single family of plants. In Denmark there are 279 species of native bees, 

and at least 62 of these are oligolectic (Madsen and Dupont, 2013). Since they 

specialize on a single group of plants, should those plants be emptied of pollen due 
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to honeybee foraging the oligolectic bees would be hard pressed to survive, as they 

seem to struggle with pollen from plants other than those they are specialized on 

(Praz, Müller, and Dorn 2008). On the other hand the polylectic bees are generalists 

so they would probably be able to simply find other plants to forage on, lessening 

the impact of any competition. Honeybees are generalists given the large range of 

plants that they use pollen from. There is however a third group of bees to 

consider: Parasites. Rather than foraging for pollen themselves, these bees will 

invade a nest already made by a different species and lay their own eggs in there, 

with the resulting parasitic larva eating the food the host bee has provided for their 

own larvae (Litman et al. 2013), although there are also parasites that take over a 

social colony. While these parasites, consisting of at least 75 species (Madsen & 

Dupont, 2013), would not be directly threatened by competition with honeybees 

due to the fact that they do not forage for pollen at all, they would be affected 

indirectly through their host species. Especially parasites on oligolectic bees like 

e.g. Nomada armata could be affected if their host Andrena hattorfiana decreases in 

population due to competition with honeybees, as specialist bees are likely to be 

most affected in the first place. 

Competition 

Generally speaking, interspecific competition is constantly happening in nature as 

there are never infinite resources, and even in places with more resources to cover 

the needs of everyone, quality is a factor. Species fitness and adaptation usually 

determines who has an advantage in these competitions, a flower only produces a 

certain quantity of pollen, for example, and the first bee to find this flower will be 

able to take as much of it as it can carry, possibly depleting the flower of pollen. So 

a bee species that is better at finding flowers could have an advantage, especially if 

it can also carry more pollen with it. Most such advantages have an energy 

associated with them however, if the bee is carrying more pollen it will be heavier 

and need to expend more energy while flying. With time the evolutionary process 

tends to balance all these things, and we’ll end up with a stable ecosystem. While a 

subspecies of honeybee, the European dark bee Apis mellifera mellifera is native to 

Denmark (Ilyasov et al. 2016), the honeybee kept for honey production in apiaries 

is usually the European honeybee Apis mellifera. This means that the wild bees 

have been able to adapt to a variety of honeybee, but the European honeybee is 

much more productive and numerous which could mean that the sheer numbers of 

honeybees can leave the wild bees unable to compete with them and suffer as a 

result. 

With the potential dangers to native bee populations that competition from 

honeybees represents, research has already been conducted to examine whether 

this competition has real effects and how severe they might be for local bees. The 

competition effect is commonly tested with bumblebees, presumable because many 
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bumblebees are eusocial and form colonies which have more individuals and thus 

larger sample size and are most similar to the colonies of honeybees, or because 

bumblebees have experienced a decline in populations (Forup and Memmott 2005). 

It can also be difficult to locate the nests of solitary bees, making them more 

difficult to study. Several characteristics of bumblebees have been used to test if 

they are affected by competition with honeybees such as worker size which reduces 

the foraging efficiency of the colony as larger workers are better foragers (Goulson 

and Sparrow 2009), reproductive success (Thomson 2004) or queen size and 

weight which can lower the number of new colonies established, leading to a 

smaller population (Elbgami et al. 2014). In all of these papers the researchers find 

competition effects that negatively impact the bumblebees, and others have shown 

that this competition can displace other pollinators from the area honeybees forage 

in (Lindström et al. 2016). One issue that is prevalent in studies of competition 

between honeybees and wild bees is that it’s very difficult to find areas completely 

without a honeybee presence, making it nearly impossible to have a control 

(Ohzono and Okoyama 2010). 

Another form of interspecies competition is due to the limited availability of the 

other major resource for bees besides food: Nest spaces. Here the competition 

stems from other wild bees with the same nesting type rather than from 

honeybees, though it can be just as severe (Mcfrederick and Lebuhn 2005).  

Not all studies find evidence for competition effects; Steffan-dewenter & Tscharntke 

(2000) found no negative effects at all in a grassland, saying that it’s possible the 

wild bees can sustain themselves on the resources that are less abundant in the 

area which the honeybees don’t forage on since they go for larger flower patches, 

as noted by Visscher & Seeley (1982) who looked at the general patterns in 

honeybee foraging. They argue that the colony chooses which flower patches to 

focus their efforts on in order to maintain high energy efficiency when foraging, 

meaning only a select few locations are relatively intensely worked at a time, which 

could mean that the rest of the flower resources in the area are left mostly alone 

and are available for other bees. Their study also found that honeybees fly large 

distances during their foraging, up to 7.7 km though with a median distance of 

1650 m. These large distances likely enable honeybees to scour the landscape and 

give them more choices when it comes to which group of flowers to work. On the 

other hand, solitary species and social Bombus species seem to have much shorter 

distances (150-600 m) that they’ll fly to forage (Gathmann and Tscharntke 2002; 

Knight et al. 2005), making their efforts more localized compared to honeybees, as 

they work on a smaller scale, and more vulnerable to local depletion. The floral 

richness of the landscape is highly likely also a determinant of how severe this 

vulnerability is; the wild bees are more liable to find alternative food sources in a 

calcareous grassland than a dry heath for example, as there are generally fewer 



 

10 

 

plant species available to forage on. Studies have found an overlap in resource use 

and flower visitation of around 50% (Steffan-dewenter and Tscharntke 2000; 

Thomson 2004), meaning that honeybees and wild bees have a shared preference 

for many flowers and might compete for the resources they provide, which is 

probably more of an issue in landscapes with a low floral diversity. It seems studies 

have been focused on landscapes with intense use of honeybees like agricultural 

areas (Elbgami et al. 2014; Goulson and Sparrow 2009; Lindström et al. 2016) and 

landscapes with low floral diversity like heaths (Forup and Memmott 2005; Klein 

2013), likely because these kinds of landscapes are where competition is most 

likely to be a factor. And while all these studies find a competition effect, whether 

competition with honeybees is a problem for bees in more varied landscapes is less 

certain. This project examines competition in a highly varied landscape, the city of 

Århus in Denmark. 

The urban environment 

One type of landscape that has received increasing attention in recent years is 

urban ecology, dealing with ecosystems in urban areas such as cities. Traditional 

thinking places nature and wildlife outside of human habitats, effectively splitting 

the landscape into “civilized” and “wild”, but given that there are still green spaces, 

and in particular plenty of private gardens in residential areas, native flora and 

fauna have good opportunities for colonizing urban landscapes. Cities have been 

found to have abundances of bees that rivals that of rural areas (Baldock et al. 

2015). Even industrial areas aren’t usually covered complete with roads and 

buildings, one can typically find avenues of trees, lawns of grass or simply weeds 

invading a covered area by growing through the asphalt. In addition, due to large 

amount of tarmac, concrete and stone in urban spaces temperatures can be higher 

than in natural areas (heat island effect, see Nguyen & Henebry, 2016) which is 

beneficial to species that require a temperature range exceeding the norm, making 

urban spaces additional habitats for certain species that require these warmer 

environments (Menke et al. 2011). However, higher temperatures might also have 

adverse effects on the overwintering of bees such as emergence time or weight 

(Harrison and Winfree 2015).  

The green spaces of cities, such as parks, green avenues or common gardens, are 

usually thought of as the hotspots of biodiversity, and this seems to be true for 

many arthropods (Philpott et al. 2014). In the case of flying pollinators such as 

bees the local plants might not be important as they are able to forage some 

distance from their nests, so that a bumblebee nest in a park that is covered with 

grass lawns might sustain itself on flowers from gardens further away, potentially 

decoupling nest habitats and resources habitats, and possibly lessening the effect of 

fragmentation. Especially given the density of landscape change in urban 

environments, where a forest might give way to a large road complex which again 
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becomes riparian, all within a few kilometers of distance that in a more naturalized 

area would be dominated by a single type. While the floral diversity is especially 

high in residential areas and the outskirts of cites (Borysiak, Mizgajski, and Speak 

2017; Capotorti et al. 2013; Fajmon and Jur 2011), honeybees still search for large 

patches of flowers. Several garden plants such as Anise hyssop (Agastache 

foeniculum) or Buddleja, as well as wild plants like blackberry (Rubus plicatus) or 

Fireweed (Chamerion angustifolium) provide large quantities of flowers per plant 

that can help satisfy the resource need of the bees. Many private gardens also have 

fruit trees that provide plenty of pollen like apple or cherry trees, and common 

weeds such as dandelions (Asteraceae taraxacum) can also be present in very large 

quantities. Garden plants that are native to the region are more beneficial for the 

bees however (Pardee and Philpott 2014; Salisbury et al. 2015). 

While floral resources can be found in varying quantities in most of a city’s area, 

the greens spaces such as parks, forests, abandoned areas or riparian areas likely 

have more vegetation than highly urbanized ones with a high degree of land 

covered with buildings, pavements etc. As such these are the places one would 

expect to find the highest diversity of bees using this vegetation, and among these 

greener areas some are likely more used by the bees than others (Gunnarsson and 

Federsel 2014). Depending on the flowers growing in each area the bee species 

attracted to each type might vary; generalist bees are probably more common in 

gardens for example, due to the high variety of plants and the inclusion of exotic 

plant species. 

Study aims 

The primary aim of this study is to examine competition between honeybees and 

wild bees in an urban environment. This will be done using pan traps to sample the 

diversity of bees. To make sure that the pan traps do not have any bias, it will be 

tested whether the colours used to attract the bees influence the catch. 

Competition has been seen in landscapes with low resource variety and in lab 

studies, but the results in other landscapes are not conclusive. Sampling will take 

place over six months at locations spread out over the city of Århus, checking if 

there are differences in the distributions of the bees over time, and between 

locations. The sampling will also be used to explore and classify the bee fauna in 

the city based on pollen specialization, nesting habitats, sociality and phenology. 

Given the large differences in local landscape and thus the vegetation, it is 

expected that the amount of floral resources in the different landscape types 

determine the amount of bees attracted, as different levels of resources can 

support different levels of foraging intensity. GIS will be used to examine the 

landscape of the city and its effects on the local bee abundance. Areas with low 

abundances of wild bees but high abundances of honeybees could indicate 
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competition taking place. This leads to the two main hypotheses tested in this 

study:  

1. Abundance and diversity of wild bees are affected by abundance of 

honeybees in urban landscapes, indicating competition. 

2. Abundance of honeybees and abundance and diversity of wild bees are 

influenced by land use types in an urban environment. 

Methods 

Pan traps 

To sample the diversity of bees, it was decided to use water traps to collect 

individuals. Using traps means a relatively hands-off approach, as the traps can be 

set up and will thereafter collect specimens passively, requiring only collection at a 

later point. Thus, compared to manual collection or transect walks, the traps have a 

very consistent performance over time and will work continuosly. One factor that 

was important to this decision is the inexperience of the author with field 

identification and netting of bees, with a poor performance expected.  

The type of trap used in the current study was the coloured water trap (also called 

pan traps). This type of trap was selected due to their high performance (Etanidou 

et al. 2008), and small size. Malaise traps were considered but were too physically 

large to stand in private gardens for several days without likely causing some level 

of discomfort, so they were not used. The pan traps consisted of three bowls; each 

spray painted in the UV-bright colours blue, yellow and white, respectively. These 

three colours seem to attract a wide range of bees (Campbell and Hanula 2007; 

Leong and Thorp 1999). To prevent the bees from escaping from the bowl, each 

was filled with approximately 250 mL of aqueous solution, leaving any bees that 

land in the trap wet, heavy and unable to fly. This solution is a 1:10 mix of 

Rodalon© in tap water. The Rodalon is added to prevent the growth of algae and 

decomposers. To promote visibility of the trap, each bowl was mounted equidistant 

from each other on a metal plate which is locked in place on a pole using strips. The 

height of the plate with the bowls could then be adjusted at the level of the 

flowering vegetation surrounding the trap, which was important, as traps placed on 

the ground are less likely to catch individuals (Cane, Minckley, and Kervin 2000). 

Each trap was labelled to inform any passerby of their purpose. The entire setup is 

shown in fig. 2. 

Study sites 

The traps were placed in 13 locations in the urban environment of Aarhus city in 

Denmark, as shown in fig 3. The locations are, from north to south: Egå, Lystrup, 

(Egå) Engsø, Risskov 1, Risskov 2, Århus N 1, Århus N 2, AU (Aarhus University), 
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Brabrand, Godsbanen, Viby 1, Holme and Viby 2. The locations are named after the 

part of the city they are in. The location of each trap was chosen in order to get a 

variety of landscapes surrounding the traps; some are located in residential areas 

and their gardens, some were placed in unmanaged natural areas, while others 

were placed near industrial areasIn the current study. The surrounding area of a 

trap is defined as a circle with a 1 km radius, due to the flight range of solitary bees  

and to be able to space the locations out somewhat evenly without a large degree 

in overlap in their catchment areas: While several Andrena and Bombus species 

forage at distances greater than 1 km from their nest (Zurbuchen et al. 2010), 

many other species fly considerably shorter distances for example 500 or 600 m 

(Darvill, Knight, and Goulson 2004; Gathmann and Tscharntke 2002), so 1 km was 

chosen partly in an attempt to balance any bias towards individual species and 

partly with consideration to overlap, since the catchments will be independent with 

regard to the bees that have shorter flight ranges, although this will dpend on 

where their nest actually is. Nests in the center of a catchment circle is more likely 

to have the entire foraging range of the bees inside the catchment than nests on 

the border for example, where the bees could end up in a neighboring trap. In 

selecting the physical locations of the traps it was attempted to spread them out 

evenly over the city, and to minimize the overlap. 

The traps at each location were placed in or very close to the most abundant type 

of vegetation, and near vegetation with large blooms where possible in an attempt 

to make the traps blend in more with the surroundings, from the bees’ point of 

view. For the traps in private gardens, their specific location was primarily 

determined by the owner of the garden. Both the latter and traps in public areas 

were placed at edges of lawns and open spaces to minimize their discomfort to any 

users of the space, such as gardeners and people walking through the areas. 

Because of this a few of the traps were placed in sub-optimal locations. As a proxy 

of visibility from the air, the canopy cover was measured with a densiometer. The 

densiometer is essentially a convex mirror divided into equilateral squares. By 

counting the number of corners of these squares that are shaded, one can get a 

measure of the canopy cover. The densiometer was used at the exact place the pan 

traps are placed, and one measurement was taken for each cardinal direction, 

holding the densiometer at forearms length towards north, west etc. The mean of 

these four measurements was used as the overall measurement of canopy cover for 

the location in percent. The inverse of this percentage was then used as a measure 

of openness which is more intuitive when it comes to attractiveness for bees. This 

procedure was performed in both August and September. 

The traps were set up at the 16th of April and with a months interval until 

September all in the year 2016. The exact date was chosen to avoid bad weather 

where possible, such as rain. The traps collected insects passively for 5 days, after 
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which the contents were sieved and bottled in 75% ethanol, with one sample per 

bowl. Weather data such as temperature and rainfall for the period was taken from 

the Danish meterological institute (dmi.dk) using station number 607400 (århus 

south). In cases where the collection period spans two weeks, an average of the 

measurements from the two weeks was used. 

Landscape analysis 

In order to test the hypothesis that bee abundance and diversity is influenced by 

the surrounding landscape, the land use in the areas surrounding each location was 

examined and analyzed.  

The classification of the type of area in the immediate surroundings of each trap, as 

well as the rate of overlap of each of the surrounding areas was done using satellite 

imagery on a world map in GIS (Arcmap v10.4.1). The location of each trap was 

used in Arcmap to find the surrounding area with a 1 km buffer function. A total of 

eight landscape types were used to classify the landscape in the surroundings:  

 Urban, which is classified as buildings and structures larger than the average 

house in the surroundings and any concrete or asphalt areas adjoining them, 

such as parking space.  

 Industrial is similar, but typically larger buildings on the outskirts of the city, 

with evident machinery, smokestacks or similar features. Furthermore, this 

area type included areas that are known to be industrial parks. Industrial 

buildings are usually clumped together, whereas urban ones are spread out. 

”Industrial” also includes railways, which occupied a large area in one 

location. 

 Residential, consisting of areas with private housing and their gardens. 

 Apartment blocks and their lawns. 

 Agricultural areas. 

 Forest, defined as larger areas of continuous tree growth. Rows of trees and 

scattered trees are considered part of a natural area rather than forest.  

 Natural areas, areas with natural vegetation (excluding forest). 

 Managed greens are larger lawns, parks and the like. 

 Wetland is riparian areas, lakesides and marsh. Any large bodies of water 

were excluded from the analysis, as they hold no flowers and bees ignore 

them. 

 Roads and parking lots 

 Using (Arcmap v10.4.1), polygons around each area of the different landscape 

types were drawn, except for roads. In an urban environment, most areas are 

separated by identifiable paved roads, and their polygons are drawn with the roads 

defining a border. When all types except roads were processed, the remaining area 

was assumed to represent the area of roads. The proportion of the total area of 
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each landscape type out of the area surrounding each trap was calculated and used 

for comparison between locations. An example of a surrounding area is shown in 

figure 4. The polygons were drawn with an accuracy of 1.89 meters to either side of 

the border, as measured in Arcmap by processing a catchment, haphazardly 

choosing 10 spots where an edge of a polygon appeared to touch the edge of a 

road, then comparing it to the actual distance between the polygon and the road by 

measuring the same distance at maximum zoom. 

In terms of flower diversity, it was expected that private gardens had the highest 

species richness followed by natural areas. Agricultural areas have several species 

associated, but the number of individuals of these species are low compared to the 

monocultures of crops in these areas, although some mass flowering crops are a 

good food source for the bees.  Apartment blocks are very variable in whether they 

have exclusively lawns or some garden areas. Wetland likely has higher plant 

species richness than the remaining four landscape types, but from personal 

observation it is dominated by grasses and half-grasses which the bees do not use. 

Managed greens include parks, which are likely to have high plant diversity, but it 

also includes lawns and these usually consist of just a few species of grasses. Urban 

and industrial areas are expected to be very poor in plant abundance, due to them 

being covered almost exclusively by buildings, concrete and such. 

Identification and classification of bees 

Each sample was sorted, removing non-bee insects, and the bees in each sample 

were identified using Amiet, 1996 and a stereo-microscope. Honeybees and 

bumblebees were determined at species-level, while the others were initially 

determined at genera-level. However, individuals of Bombus terrestis and Bombus 

lucorum were not distinguished, because they are morphologically very similar, and 

all these bees were pooled under the name B. terrestis. The solitary bees were then 

sent to an expert, Henning Bang Madsen (Copenhagen University), for species 

identification. Data concerning each species was collected, specifically whether the 

species are oligo- or polylectic, nesting type, their sociality and phenology.  Most of 

this information was taken from Westrich, 1990, with the exception of phenology 

where Rasmussen, Schmidt, & Madsen, 2016 was used. A few species were not 

described well in Westrich, and in those cases information from discoverlife.org and 

bugguide.net has been used. One important note however, is that according to 

Rasmussen et al.  the earliest occurrence of honeybees is in May, while honeybees 

were caught in April during the collection in this project. Thus, April is used as the 

earliest month they are found. This information on the ecology of the bee species 

was used to check for patterns in which types of bees are affected if there is 

competition. In addition, Zurbuchen et al. (2010), was used as a reference of 

foraging distance of the species included in that study, in order to check if the 

choice of 1 km circles in the current study was solid. 
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Statistics 

All of the Statistical calculations and tests were performed in R v3.0.3, and graphs 

produced with Sigmaplot 11. 

In order to make sure the colour of the bowls didn’t influence the number of bees 

caught in each, a chi squared test was performed against the null hypothesis that 

the colour of the tubs is irrelevant, and each should catch a third of the total 

attracted bees. 

Testing for Competition 

As the abundance data for the bees are counts of bees caught, and thus 

categorical, Kendall’s tau was used to test for a correlation between the number of 

honeybees and the number of wild bees caught in every location and separated for 

colour, with a negative correlation indicating effects of competition.  

Landscape analysis 

To analyze the data for landscape type proportion it was first necessary to 

agglomerate some of the types, since there were 10 landscape types and only 13 

locations, leading to very few degrees of freedom and poor performance of most 

statistical tests. To decide which types to merge, clustering was used. 

A standardized (zero mean and unit variance) dissimilarity matrix with the 

landscape type proportionswas constructed using euclidean distance since it is 

suited for environmental data. For the clustering, Ward’s method was used, since it 

makes more defined clusters (Kent 2012). Figure 1 shows the clustering as a tree. 

Based on the distance between types in the tree groupings were made: Urban (1), 

managed (9), apartment (4) and road (10) were combined into a single type since 

they are  heavily urbanized. Residential (3) is very clearly separate from all the 

other types, so it was left as its own group. Agriculture (5) and natural (6) were 

combined as they are a clear separate cluster. Industrial (2) Was also left as a 

group, even though the tree suggests it should be included in the group made of 

forest (7) and wetland (8) as these types simply seem to different in nature to 

consider a single group. 

The 5 groups called Urbanized, Residential, Agri-nature, Industrial and Wet Forest 

were each used in a linear model to check for correlation with the number of bees 

caught in each location. Honeybees alone, wild bees alone and total bees were used 

with each group for a total of 15 models. 
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Fig 2: The setup of the 

pan traps.  

Figure 1:  Tree structure of the 

clustering 



 

18 

 

 

Fig 3: Map of the locations of the 

traps and their catchments 
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Results 
In total 310 bees were caught where 101 were honeybees, 89 were of the Bombus 

genus, 45 were from Andrena, 42 Lasioglossum and the remaining 43 bees were 

other genera. 39 species in total were found. 

There was a significant difference between the expected even ratio between colours 

and the actual for wild bees (p < 0.001), but not for honeybees (p = 0.23). Thus 

the results for honeybees consider only totals, while for wild bees the totals will be 

split into colours. 

Details of the species caught 

Table 1 shows all of the different species that were found during the project. The 

table, the species name is indicated in the first column, while the second column 

shows whether the species in question is poly- or oligolectic. If a species is 

oligolectic, the plant family that they’re specialized on is shown in the next column. 

Figure 4: The Viby 1 location divided 

into landscape types 
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The third column shows where the nesting type of the species, with a few 

categories: “Soil dweller” means the species digs out a burrow underground. The 

bees that “Cavity nester” will occupy a suitable cavity they find and make their nest 

inside. “Finds holes in/above the ground” means the species will also seek out 

cavities to nest in, but exclusively either below or aboveground. Honeybees nest in 

beehives that humans set up, and for Lasioglossum leucopus not much is known 

about their nesting habits, other than that they can be found in the ground. In the 

fifth column is phenology, which indicates which months the particular species is 

active, and the final column shows the maximum known foraging distance. 

Regarding pollen specialization, most species found are polylectic, with these 

species making out 74.4% (29 species) of the total. For nesting, 53.8% (21) 

burrow in the ground to build their nest, 17.9% (7) are cavity nesters, 12.8% (5) 

are nest parasites, 7.7% (3)  uses cavities only belowground, 5.1% (2) find nests 

purely above ground and the remaining 2.6% is honybees who have nests built for 

them by humans.  
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Species Pollen 
specialization 

Plant species for 
oligolectic  

Nesting habitats Social Phenology 
[months] 

Foraging 
range [m] 

Andrena bicolor poly  Soil dweller solitary 3-10  

Andrena carantonica poly  Soil dweller communal 4-7  

Andrena chrysosceles poly  Soil dweller solitary 4-7  

Andrena flavipes poly  Soil dweller communal 3-8 1150 

Andrena fulva poly  Soil dweller communal 3-6  

Andrena fulvida poly  Soil dweller Solitary 5-8  

Andrena haemorrhoa poly  Soil dweller solitary, can be 
communal 

4-7  

Andrena helvola poly  Soil dweller solitary 4-7  

Andrena minutula poly  Soil dweller solitary 3-9  

Andrena nigroaenea poly  Soil dweller presmably 
communal 

3-8  

Andrena praecox highly oligo Salix  Soil dweller solitary 3-6  

Anthidium manicatum poly  Cavity nester solitary 6-9  

Apis mellifera poly  Prepared nests eusocial 4-9 14000 

Bombus barbutellus nest parasite  Parasite solitary 5-9  

Bombus bohemicus nest parasite  Parasite solitary 4-9  

Bombus campestris nest parasite  Parasite solitary 5-9  

Bombus hortorum poly  Cavity nester eusocial 4-9  

Bombus humilis poly  Digs under vegetation, or finds 
cavities 

eusocial 4-10  

Bombus hypnorum poly  Above-ground cavity nester eusocial 3-10  

Bombus lapidarius poly  Above-ground cavity nester eusocial 3-9 450 

Bombus pascuorum poly  Cavity nester eusocial 3-9 449 

Bombus terrestis poly  In-ground cavity nester eusocial 3-10  

Chelostoma rapunculi oligo Campanula Cavity nester Unknown 5-8 200 

Colletes daviesanus oligo Asteracea  Soil dweller solitary 5-8 2225 

Dasypoda hirtipes oligo Asteracea  Soil dweller solitary 5-9  

Halictus rubicundus  poly  Soil dweller semi-social 3-10  

Halictus tumulorum poly  Soil dweller eusocial 4-10  

Hylaeus communis poly  Cavity nester solitary 5-9  

Hylaeus hyalinatus  poly  Cavity nester solitary 5-8  

Lasioglossum calceatum poly  Soil dweller eusocial 4-10 1000 

Lasioglossum leucopus presumably poly  In-ground cavity nester Presumably 
solitary 

4-10  

Lasioglossum leucozonium poly  Soil dweller solitary 5-10  

Lasioglossum minutissimum poly  Soil dweller Presumably 
solitary 

3-9  

Lasioglossum morio poly  Soil dweller eusocial 3-10  

Lasioglossum semilucens presumably poly  Soil dweller Unknown 4-9  

Lasioglossum sexstrigatum poly  Soil dweller solitary 4-9  

Megachile lapponica presumably oligo Epilobium  Cavity nester solitary 6-8 300 

Sphecodes geoffrellus nest parasite  Parasite solitary 3-10  

Sphecodes miniatus nest parasite  Parasite solitary 4-9  

Table 1: Details of the species that were caught. 
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Weather 

Figure 5 shows the weather data specifically for the five days in each month where 

the traps were set up. As one might expect, the temperature rises towards the 

summer months in 5a. Only the days in May and June received considerable 

rainfall, as seen in 5b. In 5c the average windspeed seems to be fairly similarly 

near 3 - 3.5 m/s across the months, except for April. 
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Figure 5: The average temperature (a), sum 

total rainfall (b) and average windspeed (c) in 

the days the traps were collecting.  
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Distributions over time and space 
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Figure 6a shows the number of honeybees caught in the different months the pan 

traps were set up with error bars for standard deviations. In the summer period of 

June-July-August, more bees were caught compared to the other months.  

The abundance of wild bees shown in figure 6b displays the tendency for the blue 

bowls to attract fewer bees, with them  generally catching fewer individuals in 

every month. 

For both kinds of bees the comparatively large standard deviation shows that there 

was a high variation in the number of bees caught in total each month. 

 

Figure 6: The number of bees caught in 

the different months for honeybees (a) 

and wild bees (b) pooled for all 

localities 
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Figure 7a & 7b: The number of bees caught in each 

location for honeybees (a) and wild bees (b) 
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Figure 7 displays the abundance of bees caught in total at the locations. The figure 

shows that some locations have relatively many bees, and some have few or none. 

Again a large variation in the number of bees caught is present.  

For honeybees two locations failed to catch any individuals; Egå and Holme. These 

two locations are also the only ones to have a lower openness measurement than 

90% as can be seen in table 1: 

Location 

Aarhus 
N 1 

Aarhus 
N 2 

AU Brabrand Egå Engsø Godsbanen 

Openness 96 98 94 98 34 91 100 

Location 
Holme Lystrup 

Risskov 
1 

Risskov 2 
Viby 
1 

Viby 2 

 Openness 54 100 94 93 93 99 

  

 

Figure 7c: the number of bees 

caught total for each location 

Table 2: The openness measured 

at each location 
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Further, Holme is the location with the fewest caught bees in total, with only 3 

individuals. The second lowest total is 12 caught at Århus N 2, while at Egå, 16 

individuals were caught.  

The AU, and Viby 2 locations both had high numbers of individuals caught: for both 

wild- and honeybees the number of individuals caught exceeded the mean plus one 

standard deviation. This could indicate that these locations are attractive to bees in 

general. Additionally, at Viby 1 many honeybees were caught, and at Lystrup many 

wild bees. Godsbanen came close on both accounts. 

Using the same procedure to find locations with poor catch rates only came up with 

one location for wild bees: Holme. While for honeybees the aforementioned 

locations of Egå and Holme with 0 individuals caught few bees. Thus, it appears 

that Holme is indeed a poor location for bees, while Egå only caught wild bees, 

predominantly Bombus species. A list of every catch at all locations can be seen in 

Appendix 1. 
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Figure 8: The number of empty buckets 

found per month (a) and location (b) 
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Figure 8a shows the number of empty colored bowls in a given month. The figure 

shows that the summer months of June and July have the fewest empty buckets, 

and the further in time from those months, the more empty bowls are found. Since 

more honey- and wild bees were found during the summer, it makes sense that 

these months have the fewest empty bowls, since a higher abundance of flying 

individuals increases the chances that a given bowl catches something. September 

was the month where the lowest number of bees were caught (11 vs. 24 in April 

which is next-lowest) leading also to the highest number of empty bowls. 

Figure 8b largely shows the opposite of figure 7c, with locations that caught many 

bees such as AU and Lystrup having few empty bowls, while Holme had many 

empty bowls due to the fact that very few bees were caught at this location. 

Interestingly, Godsbanen has an average number of empty tubs, even though there 

were relatively many bees caught in that location, probably since 76% of the bees 

caught here were found in June and July, meaning many bowls were empty in other 

months. 

The full list of which bowls were empty is in appendix 2.
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Figure 9: The number of species found in each month 

(a) and at each location (b) 
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Species distributions and competition 

Figure 9 shows the number of different species caught during the study. Note that 

these counts are not additive, meaning that the different colours don’t add up to 

the total number of species found. At Lystrup for example, the yellow trap caught 

individuals from all the species found there, while the blue and white traps only 

found representatives from four of the thirteen species. Similar to 6b, figure 9a 

seems to follow a left-shifted normal distribution with a dip in June. Given that 

honeybees are just a single species, it’s no surprise that the figure looks a lot like 

figure 9b since, as figure 10 shows, more than half of the species found are 

represented by very few individuals.  

For a monthly basis, the yellow bowls are the best at attracting a high diversity of 

species, although this may depend on which species are found in the surrounding 

area, as different species are attracted to different colours due to their plant 

preferences (Leong and Thorp 1999). Based on figure 9b, there doesn’t appear to 

be any pattern, but the locations haven’t been ordered in any way other than 

alphabetical. The number of species found is likely just another expression of how 

many individuals have been caught at each location. 
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 Figure 10: The number of individuals found for each species 

for all locations and months. Species represented by a single 

individual (15 species) have been omitted for clarity. 
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The Kendall’s tau test for competition overall returned a tau of 0.35 with a p value 

of less than 0.001, meaning there is a highly significant positive correlation 

between the number of honeybees and the number wild bees found in a given 

location. This also holds true for June, July, August, and Engsø as seen in table 2. 

 Tau P-value   Tau P-value 

Overall  0.35 0.01  Aarhus N 1 0.59 0.14 

    Aarhus N 2 0.39 0.34 

April -0.17 0.53  AU 0.07 0.85 

May -0.06 0.82  Brabrand 0.64 0.12 

June 0.46 0.046  Egå NA NA 

July 0.58 0.01  Engsø 0.77 0.04 

August 0.6 0.01  Godsbanen 0.64 0.08 

September -0.03 0.93  Holme NA NA 

    Lystrup -0.23 0.54 

    Risskov 1 0.32 0.45 

    Risskov 2 0.41 0.33 

    Viby 1 0.4 0.3 

    Viby 2 0.56 0.14 

 

 

 

 

Table 2: The tau and p values of Kendalls tau 

overall, for each month and for each location.At 

the locations Egå and Holme no honeybees were 

caught, making it impossible to calculate Kendalls 

tau for these two locations 
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Landscape analysis 

  Geographi
cal 

coordinate
s 

Residential 
[%] 

Urbanized 
[%] 

Agri-natural 
[%] 

Industrial 
[%] 

Wet Forest 
[%] 

Overlap 
[%] 

Aarhus N 1 56.186204, 
10.201392 

30.7 68.1 1.2 0 0 31.3 

Aarhus N 2 56.181088, 
10.183771 

29.6 49.3 16.4 0 4.7 26.7 

AU 56.167136, 
10.206818 

20.5 72.9 0 5.8 0.8 2 

Brabrand 56.157741, 
10.142672 

29.9 54.7 2.8 2.4 10.2 0 

Egå 56.238605, 
10.333289 

36.4 8.3 40.7 0 14.6 0 

Engsø 56.217218, 
10.234966 

1 5.2 75.5 5.7 12.6 9.8 

Godsbanen 56.153027, 
10.191232 

7.9 76.1 1.9 11.6 2.5 2 

Holme 56.122449, 
10.182091 

51.8 43.8 0.7 2.3 1.4 12 

Lystrup 56.230740, 
10.244630 

21.5 24 28.1 20.3 6.1 9.8 

Risskov 1 56.203693, 
10.256224 

47.8 26.9 21.2 1.5 2.6 0 

Risskov 2 56.197872, 
10.220781 

35.2 54.6 1.5 6.7 2 4.6 

Viby 1 56.136155, 
10.173307 

34.2 39.5 7.2 5.9 13.2 10 

Viby 2 56.118828, 
10.153725 

24.6 57.4 4.3 9.1 4.6 3.2 

Table 3: The coordinates, relative areas, openness, 

overlap and number of empty bowls for each location. 
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Table 3 shows details of the locations such as landscape type composition and 

overlap. 

 

Table 4 shows the results of the simple  linear regressions for each landscape type 

and bee type combination: 

  Residential Urbanized Agrinatural Wet Forest Industrial 

Honeybees Coefficient -0.197 0.145 -0.1 -0.12 0.447 

 p value 0.16 0.08 0.25 0.76 0.19 

Wild bees Coefficient -0.4 0.11 -0.02 -0.258 1.1 

 p value 0.06 0.43 0.9 0.69 0.35 

Total Coefficient -0.6 0.257 -0.12 -0.377 1.546 

 p value 0.06 0.2 0.58 0.69 0.046 

 

 

Generally the coefficient are opposite of what might be expected, areas with rich 
vegetation such as residential and Agrinatural (agriculture + natural) have a 

negative coefficient while Industrial and Urbanized areas have a positive 
correlation. However only the regression for industrial with the total number of bees 

found is significant, and only barely. Industrial also has the strongest correlation 
with 1.546 with all the others being less than ±0.5, except for Residential with total 
bees.  

  

Table 4: The coefficients and p-values 

from a linear regression between a 

landscape type and bee type 
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Discussion 
Whether in general, based on month or location, the results show no indication for 

competition effects between the wild bees and honeybees in an urban environment. 

In addition, the landscape analysis showed that urbanized areas of the city have 

higher abundances of bees than all other types. 

Patterns over time 

It’s not very surprising that there is a low abundance of bees in early spring, then 

increasing in number till a maximum in mid to late summer after which the 

numbers decline again. Being flower-visitors the bees are very dependent on the 

flowering periods of the plants from which they harvest food resources like pollen 

and nectar. Thus the bees become active when the flowers are available, as they 

have co-evolved a mutualistic relationship. With the current study taking place in 

Denmark, the flora is dormant in winter months and most prevalent in summer 

months due to acclimatization and photoperiodism (Biology of plants 2013), and so 

the bees are as well. There does seem to be a skew to the left for wild bees 

compared to honeybees in their distribution in figure 6. This is likely because there 

were many Andrena individuals caught which are spring bees as can be seen from 

their phenology in table 1: They appear from March to August, though many only 

as late as July. These are the extremes for occurrences so the bees are most 

abundant in-between these months, and particularly in spring time for this genus. 

Especially Andrena praecox needs to be out and about in early spring, as this 

species only forages on Salix which blooms early on. Several of the other species 

are active early as well. 

Something else of note in figure 6 is the double peaks with a valley between them. 

For honeybees in Denmark this is a known phenomenon due to the flowering times 

of abundant plants (Asger S. Jørgensen pers. communication) illustrated in figure 

10: 

 

Figure 10: A graph of the 

number of honeybees in 

a given colony (black) 

and the intensity of 

flowering of the local 

plants (red) over the 

year. Recreated with 

permission 
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The red graph shows roughly the abundance of commonly exploited flowering 

plants such as Salix species or rapeseed for the first peak in May. Once those plants 

have ended flowering, there is a period in early summer without the massive 

occurrences of floral resources though hardly barren either. Midsummer has the 

second peak with primarily plants grown for livestock foraging such as White clover 

(Trifolium repens). The black graph in figure 10 represents the size of a honeybee 

colony as it takes advantage of the mass blooms of the first peak to rapidly grow, 

with the growth petering out as these resources disappear, plateauing mid-July 

supported by the second peak in flowers and a downsizing of the colony for winter 

survival. The important thing to notice here is that in the valley bewteen the peaks, 

the honeybee colony is large and still growing, but there is a temporary lack of food 

resources. This can lead to them foraging on other, smaller patches that the wild 

bees might be using at the time, leading to competition over the resources during 

this valley. One thing to keep in mind is that this figure is based on data from an 

agricultural landscape, and is intended to explain patterns seen there. Due to the 

prevalence of agriculture in general in Denmark and its presence on the outskirts of 

Århus however, the theory behind it should apply to most of the country, including 

this study. Figure 10 is based on data from beehives that are continually weighed 

automatically. The weight of one such hive is shown in figure 11. 
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Figure 11 shows the weight of a beehive located near the Risskov locations 

measured once a day in 2016 (vejestad.dk), though some of the months have been 

omitted. This is a relative weight initialized at zero, though the actual weight is 

around 30 kg at this point, which is why there are negative values. Again two 

distinct peaks can be seen although the first peak lasts until mid-June and the 

Figure 11: The relative 

weight of the beehive 

at northern Århus over 

most of 2016 
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second peak doesn’t start until the beginning of August. Both peaks are cut off 

likely because humans harvest honey from the hive at these points. There also 

seems to be a slow increase in weight in fall due to regular foraging. While this 

graph doesn’t match figure 10 exactly, it may well be because the hive is located in 

an urban environment. 

The same patterns apply to the species richness of the bees found during the 

various months in figure 9 

The weather has likely had an effect on the activity of the bees, as the month of 

June had a lot of rain in general and the day the traps were set up in that month 

was especially rainy (pers. Obs.). The same goes for May but to a lesser degree. 

Additionally the five days where the trap was collecting were mostly clouded, 

compared to other months where the collection period received a mix of weather 

conditions. This might account for the relatively low number of honeybees in May, 

where the number of individuals would be expected to be closer to an average of 

the April and June levels. The large amount of rain in June doesn’t appear to have 

affected the catch however, possibly because June is a summer month where the 

bee activity is high regardless. During the collection period two of the days were 

rainy, but not heavily, so perhaps it was simply a fortuitous time to have the trap 

set up. It’s difficult to say whether the wind has had an impact. While the high wind 

speeds will make it more energy costly to fly (Ravi et al. 2013) and more difficult to 

land (Chang, Crall, and Combes 2016), bees seem to be able to compensate when 

searching for food (Barron and Srinivasan 2006). While there are lower numbers of 

bees found in April, the month with the highest average wind speed, these numbers 

could also be due to fact that fewer bees are active in April. The lowest speeds are 

in August, but again it is difficult to say whether that has any effect on the number 

of bees found. 

 

Location-based patterns 

Most notable in figure 7 is that some locations attract tens of individuals, while 

other catch barely any. For the total amount of bees caught there largely seems to 

be three levels of effectiveness for traps: A normal level around 10-20 individuals 

found, a higher level at 30-37 individuals for the Godsbanen, Lystrup and Viby 1 

locations and a very high level at 45+ at Viby 2 and AU with these two latter 

locations catching especially many bees as noted in the results. Looking at the 

types of bees caught in 7a and b, the distribution is mostly the same as the total. 

Exceptions include the Holme and Egå locations which failed to catch any 

honeybees, Lystrup which caught many more wild bees than honeybees and Viby 1 

where the opposite is true. Considering the large flight range of honeybees which 

covers the entire city, one would expect to find that if a location attracts many bees 
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of one type, it also attracts many bees of the other since the location then seems to 

be favourable in general. In Viby 1’s case, many honeybees but few wild ones 

might be a sign of competition where the wild bees are forced to forage in other 

places, but there was no sign of competition at any location so this is unlikely to be 

the case. It might also simply be a lack of nesting spaces or an unconsidered factor. 

Perhaps this is an area with one or several large patches of flowers that the 

honeybees tend to exploit heavily, resulting in a higher presence in the location. At 

Lystrup we see the other scenario; many more wild bees than honeybees. Here the 

resource situation might also be reversed, where there are plentiful smaller flower 

patches that the honeybees don’t bother showing up in numbers for, but which the 

wild bees will benefit from. 

Holme is a bit of an outlier with its very poor catch which is likely due to its 

surroundings: The trap was placed both under a tree and in between bushes as 

illustrated in figure 12. 

 

Because of this poor placement it is very likely that bees flying overhead would not 

notice the trap, and thus it would catch very little. While the location was 

surrounded by vegetation its openness is not the lowest; Egå has an openness of 

34% compared to Holme’s 54%. Yet the trap at Egå caught 16 individuals where 

Holme only had 3. The low openness of the trap at Egå is because it was also 

located under a tree. However the difference between the two locations, and the 

reason the trap at Egå caught more bees in spite of it having a lower openness, is 

that the openness rating only measures tree canopy which doesn’t take into 

account lower vegetation like bushes. The tree at Holme is deciduous whereas the 

tree at Egå is a conifer which is much denser and blocks more light. The openness 

ratings thus do not properly indicate the visibility of the traps, as the trap at Egå 

Figure 12: Satellite imagery of 

the Holme location (Google 

maps) 
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with the lower rating actually attracted more bees. Additionally, for the openness to 

be an effective indicator it would need to take measurements in a half-sphere 

centered on the trap, rather than an upwards cone that the densiometer uses, as 

illustrated in figure 13. This is necessary because the bees could just as easily be 

coming from a flower near the ground as it could be flying above the treetops 

scouting. So in order to accurately predict how visible a trap is, all possible 

sightlines would have to be considered. One additional problem with the 

measurements is that they were all taken in August and September. This means 

that the canopy could have changed over the course of the seasons, which has not 

been accounted for. 

 

Urban competition effects between honeybees and wild bees  

In table 2 five cases had significance: The months of June, July and August, the 

Engsø location and the city overall. All of these have a positive correlation however, 

and when there are many bees of one type, there are also many of the other type 

and hence not indicating competition effect. This suggests that there seems to be 

enough resources to support abundance for both types.  

Considering the months first, the summer months of June, July and August are all 

significant and positively correlated while the other, colder months of April, May and 

September have negative correlations but without significance. While non-

significant and weakly correlated, this is an indication that the pattern in figure 10 

holds true; competition effects,were they present, are likely more severe in areas 

and periods with fewer resources. As the summer period has plentiful flowers, no 

competition occurs since there is enough food for all the bees.  

Of all the locations only Engsø with a positive correlation is significant, which is a 

little curious as there doesn’t seem to be anything special about this location. It 

doesn’t have a high abundance of either wild- or honeybees, nor were a high 

amount of species found there. While the trap caught similar numbers of individuals 

of both types of bees, so did other locations such as Risskov 1. This must mean 

Figure 13: An illustration of the angle 

covered by the densiometer (a) and the 

optimal coverage (b). The star represents 

the trap. 



 

39 

 

that there are factors unaccounted for which influence the competition intensity. 

Other studies on competition have paid special attention to the local floral 

composition (Elbgami et al. 2014; Klein 2013), which was ignored in this study. The 

particular flower species in an area likely does have an effect on which bees are 

attracted to the place, especially for oligolectic bees that search for a specific family 

to forage on. Also, as some flower species simply produce more  or larger flowers 

(examples of high flowering intensity) for pollinators to visit (Plant Physiological 

Ecology, 2008) having these species present in an area can attract more bees 

(Bauer, Clayton, and Brunet 2017). 

Of note in table 2 is that all of the positive correlations except for the AU location 

(which is non-significant) are above 0.3. While only a few of them are significant, 

almost no positive case has a weak correlation. This is another indication that there 

is no competition between the wild bees and honeybees, supporting the overall 

result. While negative effects on wild bees from competition are an issue in some 

situations (Goulson and Sparrow 2009; Thomson 2004), urban environments is not 

one of these situations based on these results. Another study by Gunnarsson & 

Federsel (2014) also finds no evidence for competition effects in an urban 

environment. Similar to the current study, they sample the diversity of honeybees 

and bumblebees, though only in urban gardens and flowerbeds and purely in July. 

Also similarly they find that the study sites seemingly held enough resources to 

prevent any competition between the bee species. 

 

It was theorized earlier in the introduction that the variability of the urban 

landscape might influence the severity of competition effects. This theory is 

supported in a study by Herbertsson et al. (2016) where they experimentally added 

honeybee hives to areas locally free of hives to see what effect they had on the 

Figure 14: Satellite imagery of the 

Lystrup location and its surroundings. 

(Google maps) 
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bumblebees in homogenous contra heterogeneous areas. While adding honeybees 

to homogeneous areas such as cropland with monocultures reduced bumblebee 

abundance by 81%, adding them to heterogeneous landscapes had no observable 

effect, again suggesting that competition between honeybees and wild bees are 

mainly a problem in areas with a low variability in food sources. Cities have some of 

the most diverse landscapes due to their artificial nature and the very varied needs 

of humans, and they have a very high floral diversity on account of this combined 

with the nature of gardens, which would explain why honeybees don’t empty the 

food sources like they do in monocultures, and no or very little competition occurs. 

It would also provide a wide range of nest spaces, which alleviates competition for 

these between the species of wild bees, even though most of the bees found have 

the same nest type (table 1). 

 

Landscape analysis of the city 

In table 4 the only significant result is the industrial landscape type for sum total 

bees, with a relatively high positive correlation. This means that areas with a high 

proportion of industrial areas are attractive to bees. This may sound odd initially as 

the general perception of industrial areas is that they are places with large 

factories, storage yards, paved areas and generally being very barren biologically. 

But consider a single lot in an industrial sector; there will probably be a large 

building in the center and the ground will indeed be paved over to facilitate 

movement. This may not be the case for the immediate surrounding area however, 

where there might be a large lawn, shrubbery or unmanaged vegetation for 

example. Many of the industrial areas in the locations of this study had some kind 

of green space separating the individual lots, as illustrated in figure 14 which shows 

a section of the Lystrup location, the location with the highest proportion of 

industrial area. So while the buildings and work areas might be without vegetation, 

the surroundings can still hold floral food resources and nest spaces, providing good 

conditions for the bees. Also, like other urban areas humans tend to decorate work 

and living spaces with plants, and these planted flowers and trees can contribute to 

making industrial areas more attractive to the bees. Another case to consider is 

weeds, who will invade even seemingly impenetrable places such as surfaces 

covered with concrete. Areas that have been cleared of vegetation and left as dirt 

or gravel will gradually be regrown as grasses and other plants recolonize. 

Abandoned businesses can be a good example, as vegetation will slowly reclaim an 

area if left to its own. These sandier areas can also be attractive nest spaces for soil 

dwellers as they are easier to dig through. This explains part of the correlation, as 

many of the found species are soil dwellers as seen in table 1. 

While only marginally significant for wild bee and in total, it is surprising that 

Residential has negative correlations. It was expected that the gardens and the 
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floral diversity they provide in residential areas are able to support a large diversity 

and abundance of bees, and thus more bees would be found in areas with more 

gardens as seen in other studies (Foster, Bennett, and Sparks 2017; Gunnarsson 

and Federsel 2014; Jha and Kremen 2013). This negative correlation is a sign of the 

opposite however, where bees are less prevalent in residential areas, gardens or 

not.   

The unexpected correlations and general lack of significance are most likely an 

expression of a flawed analysis. The biggest issue is how subjectively the areas 

comprising each landscape type in the catchment for a location were made. While it 

makes sense to divide up local areas by road since the roads cut up larger areas 

into simpler geometric shapes such as squares, illustrated by the residential 

“blocks” in figure 4, not all landscape types resolve themselves into neat squares 

like residential areas tend to do. More complex shapes are more difficult to draw as 

polygons increasing the chance that errors are made. Additionally judging where 

one type ends and another begins can be difficult when it’s based solely on satellite 

imagery. While most types are separated by road, some have a more smooth 

transition. There were several places where an Urban type area bordered a 

Residential or a Managed one, without any road between them, making the exact 

border between the types more of a subjective decision. This issue is even more of 

a problem in the less urbanized areas of the city such as outskirts or larger 

wetlands or forests, where natural edges that can be used to draw the polygons are 

fewer. In a few such cases on the outskirts of the city, where it was very hard to 

tell from the imagery what type a certain area belonged to, it was necessary to 

either visit the area or use Google Streetview™ to get a better idea of the 

vegetation in order to classify it and establish the borders of the area properly.  

To alleviate some of this subjectivity more rules and automation should have been 

used. For example there were a few cases of rivers in the catchments. Instead of 

manually deciding the size of the riparian area next to them, a buffer function with 

a set range from the river itself should have been used to get consistency. There 

was no clear cut way to tell Industrial and Urban areas apart either, here 

classification rules could have made sure that they were separate types. As it is 

there might be some buildings in the wrong group due to the subjectivity of 

deciding which type they belong to.  

 

Reflection 

The specific colour of the bowls turned out to be important, with the blue bowls 

generally attracting fewer wild bees. Bee vision and colour preference is well 

studied (Ibarra, Menzel, and Vorobyev 2014), and the preference seem to be linked 

to foraging efficiency in the local environment (Raine and Chittka 2007). 
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Differences in the attractiveness of coloured pan trap bowls has been documented 

before (Leong and Thorp 1999; Stephen and Rao 2005), and which colour the bees 

prefer is likely dependent on the specific species. So the fact that the blue bowls 

attracted fewer wild bees is probably due to the species’ preference for the other 

colours, because the blue flowers in the locations are less profitable or a 

combination. 

Considering the flight ranges for the species found in table 1, setting the catchment 

radius of each trap to 1 km was acceptable as there are both species with a 

relatively short range of 200 – 450 m, and bees with ranges around 1 km. These 

are the species that likely to be independently represented by a location, unless 

their nest is close to or outside the edge of a catchment. Colletes daviesanus has a 

flight range of 2,2 km and honeybees 14 km, so these species likely forage on area 

outside the catchment circles as well as the area inside. As such the landscape 

analysis doesn’t consider much of the area that affects their foraging patterns, 

which helps explain why no significance was found for honeybees. 

One important problem this study has is its low sample size; ideally there should 

have been more locations than 13. The low number of replicates for locations led to 

issues with the landscape analysis, as it necessitated clustering to reduce the 

number of landscape types, and even after clustering more degrees of freedom 

would have been favorable. It was initially planned to use ANOVA to perform the 

analysis, but this was abandoned due to the low replicate number. There may also 

be some degree of a sampling effect for results, where having many positive 

correlations in table 2 for competition will affect the overall result as they all 

contribute to the overall picture. Having more samples would lessen the impact of 

this, strengthening the results as a whole. Considering the map in figure 3, there 

are several locations that could be added without any overlap, and even more if a 

small degree of overlap is accepted. Having more locations would also simply catch 

more bees, which would add strength to the study overall. In figures 6 and 7 there 

is a large variation in the number of bees caught per trap, and having more traps 

should lower this variation and reduce the uncertainty of the patterns seen. Having 

more than one period of active collecting per month would also help with this. 

Lastly, with more locations the relative importance of locations like Egå and Holme 

where no honeybees were caught would be reduced, lowering their impact on the 

overall results. 

 

Perspective 

By now the issue of competition effects from honeybees has been studied many 

times with some finding a competition effect (Hudewenz and Klein 2015; Kato, 

Shibata, and Yasui 1999) and others not (Goras et al. 2016; Roubik 1983), with 
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this study joining the latter group. Interspecific competition is a complex issue, and 

it’s likely that several factors influence whether or not the species involved are 

affected in any way (Forup and Memmott 2005). One important factor that 

differentiates this study from some of those that do find competition effects like 

Elbgami et al. (2014), Goulson and Sparrow (2009) or Klein (2013), where the 

study area is in farmland or heath, is the landscape complexity, which is known to 

influence the severity of competition (Herbertsson et al. 2016) and is high in cities 

(Zhou et al. 2014). Another thing to consider is that several of the other studies 

mainly consider competition between honeybees and bumblebees (Elbgami et al. 

2014; Thomson 2004; Torné-noguera et al. 2016), while in this study several bee 

families are used to examine competition. The fact that there is a native subspecies 

of honeybees in Denmark likely also has an influence, as they and the wild bees 

have been able to adapt to some degree to the presence of each other. 

Having found no evidence for competition between honeybees and wild bees means 

that currently the bee species seem to be able to co-exist just fine in the city of 

Århus. This might not be the case in other parts of the country however, especially 

in areas more dominated by a few plant species such as agricultural landscapes. 

While it might be tempting to use these results as an argument in favor of 

establishing more beehives due to the lack of competition, it should be remembered 

that the results only apply to the current level of honeybee abundance and density. 

Instead the interpretation should be that the current practices do not pose a 

problem for the wild bees. It’s also important to note the scope of this study in 

terms of species: only 39 of the 279 native bee species were found, and other 

pollinator orders such as beetles or flies have not been included. It’s still very 

possible that these other species are under pressure from competition with 

honeybees. Future research should make sure to have larger sample sizes in order 

to increase certainty of their results. It would be useful to expand the scope of the 

study to include the other orders, as they are also important pollinators, as well as 

try to sample a larger fraction of the bee species to make sure the lack of 

competition holds true for all bees.  

 

Conclusion 

Though competition with honeybees has been found to impact the wild bees in 

several places, based on the results this does not hold true in an urban 

environment.  Several months and locations have sufficient resources to support 

general abundance for both honeybees and wild bees, likely due to the highly 

varied landscape leading to variation in floral resources and nest spaces.  

The landscape analysis shows that bees in general are more abundant in areas of 

the city with a large degree of industrial land use, proving that these areas provide 
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good conditions for the bees to thrive in. The methodology of the analysis needs 

improvement however, and more replicates for locations are needed in general to 

strengthen the statistical analyses. 
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Appendix 1 
A list of every bee caught. 

Genus Species Location Colour Month bee type Number 
found 

Andrena bicolor Viby 1 White April wild 1 
Andrena carantonica Holme Yellow May wild 1 
Andrena chrysosceles Lystrup Yellow May wild 1 
Andrena flavipes Lystrup Yellow April wild 5 
Andrena fulva AU Yellow April wild 1 
Andrena fulva AU White April wild 2 
Andrena fulva Lystrup Yellow May wild 2 
Andrena fulva Lystrup White April wild 1 

Andrena fulvida Viby 2 White July wild 1 
Andrena haemorrhoa AU Blue May wild 4 

Andrena haemorrhoa AU Yellow May wild 6 

Andrena haemorrhoa AU White May wild 6 

Andrena haemorrhoa Holme White May wild 1 

Andrena haemorrhoa Lystrup Yellow May wild 1 

Andrena helvola Egå Yellow May wild 2 

Andrena helvola Engsø Blue May wild 1 

Andrena helvola Engsø White May wild 1 

Andrena helvola Århus N 2 White May wild 1 

Andrena minutula Viby 1 Yellow April wild 1 

Andrena minutula Viby 1 White April wild 1 

Andrena nigroaenea Godsbanen Yellow April wild 1 
Andrena nigroaenea Lystrup Yellow May wild 1 
Andrena nigroaenea Risskov 1 Blue May wild 1 
Andrena praecox AU Yellow April wild 1 
Andrena praecox Risskov 1 Yellow April wild 1 

Anthidium manicatum Risskov 2 Yellow June wild 1 

Apis mellifera AU Blue June honeybee 1 

Apis mellifera AU White July honeybee 7 

Apis mellifera AU Blue August honeybee 8 

Apis mellifera AU Yellow September honeybee 1 

Apis mellifera AU Blue September honeybee 1 

Apis mellifera Brabrand Yellow May honeybee 1 
Apis mellifera Brabrand Blue May honeybee 1 
Apis mellifera Brabrand Yellow July honeybee 2 
Apis mellifera Brabrand White August honeybee 1 
Apis mellifera Engsø Blue May honeybee 1 
Apis mellifera Engsø Blue June honeybee 1 

Apis mellifera Engsø White June honeybee 2 
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Apis mellifera Engsø Blue July honeybee 2 

Apis mellifera Godsbanen Blue April honeybee 1 
Apis mellifera Godsbanen Yellow June honeybee 5 
Apis mellifera Godsbanen Blue June honeybee 2 
Apis mellifera Godsbanen White July honeybee 2 
Apis mellifera Godsbanen White August honeybee 4 
Apis mellifera Lystrup Yellow July honeybee 2 
Apis mellifera Lystrup White August honeybee 2 
Apis mellifera Lystrup White September honeybee 1 
Apis mellifera Risskov 1 Blue May honeybee 1 
Apis mellifera Risskov 1 Blue June honeybee 1 
Apis mellifera Risskov 1 Yellow July honeybee 1 
Apis mellifera Risskov 1 Blue August honeybee 1 

Apis mellifera Risskov 2 Blue June honeybee 2 
Apis mellifera Risskov 2 Yellow July honeybee 1 

Apis mellifera Risskov 2 Yellow August honeybee 2 

Apis mellifera Risskov 2 White August honeybee 1 

Apis mellifera Risskov 2 Blue August honeybee 1 

Apis mellifera Viby 1 Yellow June honeybee 1 

Apis mellifera Viby 1 Blue June honeybee 6 

Apis mellifera Viby 1 White June honeybee 3 

Apis mellifera Viby 1 Blue July honeybee 2 

Apis mellifera Viby 1 White July honeybee 4 

Apis mellifera Viby 1 White August honeybee 1 

Apis mellifera Viby 2 White April honeybee 1 
Apis mellifera Viby 2 White May honeybee 1 
Apis mellifera Viby 2 White June honeybee 2 
Apis mellifera Viby 2 Blue June honeybee 1 
Apis mellifera Viby 2 Blue July honeybee 2 

Apis mellifera Viby 2 White July honeybee 1 

Apis mellifera Viby 2 Yellow August honeybee 3 

Apis mellifera Viby 2 Blue August honeybee 2 

Apis mellifera Viby 2 White August honeybee 2 

Apis mellifera Viby 2 Yellow September honeybee 1 

Apis mellifera Viby 2 White September honeybee 2 

Apis mellifera Århus N 1 White June honeybee 1 

Apis mellifera Århus N 1 Blue July honeybee 1 
Apis mellifera Århus N 1 White July honeybee 1 
Apis mellifera Århus N 1 White August honeybee 1 
Apis mellifera Århus N 1 Yellow September honeybee 1 
Apis mellifera Århus N 2 White June honeybee 1 
Apis mellifera Århus N 2 Blue July honeybee 1 

Bombus barbutellus Engsø White July wild 1 
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Bombus barbutellus Viby 2 Blue June wild 1 

Bombus bohemicus Engsø Blue April wild 1 

Bombus campestris Egå Blue July wild 1 
Bombus hortorum Brabrand Yellow April wild 1 
Bombus hortorum Brabrand White May wild 1 
Bombus hortorum Engsø Blue June wild 1 
Bombus hortorum Engsø Blue July wild 1 
Bombus hortorum Engsø White July wild 1 
Bombus hortorum Lystrup Yellow July wild 1 
Bombus hortorum Lystrup Blue April wild 1 
Bombus hortorum Lystrup Blue July wild 1 
Bombus hortorum Århus N 2 Yellow May wild 1 
Bombus humilis AU White May wild 1 

Bombus hypnorum Engsø Yellow September wild 1 
Bombus hypnorum Godsbanen Yellow June wild 2 

Bombus hypnorum Godsbanen Blue June wild 2 

Bombus hypnorum Lystrup Yellow April wild 1 

Bombus hypnorum Risskov 2 Yellow July wild 1 

Bombus lapidarius Brabrand Yellow May wild 1 

Bombus lapidarius Risskov 1 Yellow August wild 1 

Bombus lapidarius Viby 2 White June wild 1 

Bombus lapidarius Viby 2 White July wild 2 

Bombus lapidarius Århus N 1 Yellow August wild 1 

Bombus lapidarius Århus N 2 Yellow May wild 1 

Bombus pascuorum AU Yellow August wild 4 
Bombus pascuorum Egå Yellow May wild 1 
Bombus pascuorum Egå Blue April wild 1 
Bombus pascuorum Egå Blue May wild 1 
Bombus pascuorum Egå Blue June wild 1 

Bombus pascuorum Engsø Yellow July wild 2 

Bombus pascuorum Godsbanen Yellow September wild 1 

Bombus pascuorum Lystrup Yellow August wild 1 

Bombus pascuorum Lystrup Blue August wild 2 

Bombus pascuorum Lystrup Yellow August wild 1 

Bombus pascuorum Viby 1 Yellow June wild 1 

Bombus pascuorum Viby 2 White September wild 2 

Bombus pascuorum Århus N 2 Yellow September wild 1 
Bombus pascuorum Århus N 2 Blue June wild 1 
Bombus pascuorum Århus N 2 White August wild 1 
Bombus pascuorum Århus N 2 Blue June wild 1 
Bombus pascuorum Århus N 2 Yellow September wild 1 
Bombus terrestis AU Yellow July wild 2 

Bombus terrestis AU White July wild 1 
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Bombus terrestis AU Yellow August wild 2 

Bombus terrestis AU White August wild 1 
Bombus terrestis AU Blue August wild 1 
Bombus terrestis Brabrand Blue July wild 1 
Bombus terrestis Egå Yellow May wild 1 
Bombus terrestis Egå White May wild 3 
Bombus terrestis Egå Blue July wild 1 
Bombus terrestis Engsø Yellow June wild 1 
Bombus terrestis Engsø White June wild 1 
Bombus terrestis Godsbanen Yellow June wild 2 
Bombus terrestis Godsbanen Yellow July wild 1 
Bombus terrestis Holme White June wild 1 
Bombus terrestis Lystrup Yellow April wild 1 

Bombus terrestis Lystrup Yellow June wild 1 
Bombus terrestis Lystrup White June wild 1 

Bombus terrestis Lystrup Yellow July wild 1 

Bombus terrestis Lystrup White July wild 1 

Bombus terrestis Lystrup Blue August wild 1 

Bombus terrestis Risskov 2 Yellow June wild 1 

Bombus terrestis Risskov 2 White June wild 1 

Bombus terrestis Viby 1 Yellow June wild 1 

Bombus terrestis Viby 1 White July wild 1 

Bombus terrestis Viby 2 Yellow July wild 1 

Bombus terrestis Viby 2 Blue July wild 3 

Bombus terrestis Viby 2 White July wild 2 
Bombus terrestis Viby 2 Blue August wild 1 
Bombus terrestis Århus N 1 White July wild 1 
Bombus terrestis Århus N 2 White July wild 1 
Chelostoma rapunculi Risskov 1 Blue July wild 1 

Chelostoma rapunculi Viby 2 Yellow July wild 1 

Chelostoma rapunculi Viby 2 White August wild 1 

Chelostoma rapunculi Århus N 2 Yellow July wild 1 

Colletes daviesanus Brabrand Yellow July wild 2 

Colletes daviesanus Godsbanen Yellow July wild 3 

Dasypoda hirtipes Godsbanen Blue June wild 1 

Dasypoda hirtipes Godsbanen Yellow June wild 1 

Halictus rubicundus  Viby 2 Yellow July wild 1 
Halictus tumulorum AU Yellow May wild 2 
Halictus tumulorum AU White May wild 2 
Halictus tumulorum AU White July wild 1 
Halictus tumulorum Egå White July wild 1 
Halictus tumulorum Godsbanen Yellow August wild 1 

Halictus tumulorum Lystrup Yellow May wild 1 
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Halictus tumulorum Risskov 2 Yellow July wild 1 

Halictus tumulorum Viby 1 White July wild 1 
Halictus tumulorum Viby 2 Yellow June wild 1 
Halictus tumulorum Århus N 2 Blue July wild 1 
Hylaeus commumis Engsø Blue June wild 1 
Hylaeus commumis Godsbanen White August wild 1 
Hylaeus communis AU White July wild 2 
Hylaeus hyalinatus  Viby 2 White August wild 1 
Lasioglossum calceatum Lystrup Yellow May wild 1 
Lasioglossum calceatum Viby 1 Blue August wild 1 

Lasioglossum calceatum Viby 1 Yellow July wild 1 
Lasioglossum calceatum Viby 2 Blue July wild 1 
Lasioglossum leucopus Egå White June wild 1 

Lasioglossum leucopus Viby 1 Yellow August wild 1 

Lasioglossum leucopus Viby 1 White July wild 1 

Lasioglossum leucopus Viby 2 Yellow June wild 2 

Lasioglossum leucopus Viby 2 Yellow August wild 1 

Lasioglossum leucopus Århus N 1 Yellow May wild 1 

Lasioglossum leucopus Århus N 1 Yellow June wild 1 

Lasioglossum leucopus Århus N 1 Yellow July wild 3 

Lasioglossum leucopus Århus N 1 White June wild 1 

Lasioglossum leucopus Århus N 1 White July wild 2 

Lasioglossum leucozonium Viby 2 Yellow June wild 1 

Lasioglossum leucozonium Viby 2 Yellow July wild 1 

Lasioglossum minutissimum Viby 2 White June wild 1 
Lasioglossum morio Brabrand White May wild 1 
Lasioglossum morio Egå White June wild 1 
Lasioglossum morio Godsbanen Yellow July wild 2 
Lasioglossum morio Godsbanen White July wild 4 

Lasioglossum morio Lystrup Blue July wild 1 

Lasioglossum morio Lystrup Yellow July wild 1 

Lasioglossum morio Lystrup White May wild 1 

Lasioglossum morio Risskov 1 Blue July wild 1 

Lasioglossum morio Risskov 1 White July wild 3 

Lasioglossum morio Viby 1 Blue August wild 1 

Lasioglossum morio Viby 2 White July wild 1 

Lasioglossum morio Århus N 1 White July wild 1 
Lasioglossum semilucens Egå White May wild 1 
Lasioglossum sexstrigatum Risskov 2 White July wild 1 
Lasioglossum sexstrigatum Århus N 1 Yellow June wild 1 
Megachile lapponica Godsbanen Yellow July wild 1 

Sphecodes geoffrellus Viby 1 Yellow July wild 1 

Sphecodes miniatus Viby 2 White August wild 1 



 

53 

 

Appendix 2 
The list of empty bowls. Note that it has been split into 2x3 columns to save space 

Location Colour Month  Location Colour Month 

AU Blue April  Holme Yellow September 

AU Yellow June  Holme Blue September 

AU White June  Holme White September 

AU Blue July  Lystrup Blue May 

AU White September Lystrup Blue June 

Brabrand Blue April  Lystrup Blue September 

Brabrand White April  Lystrup Yellow September 

Brabrand Yellow June  Risskov 1 Blue April 

Brabrand Blue June  Risskov 1 White April 

Brabrand White June  Risskov 1 White May 

Brabrand White July  Risskov 1 Yellow May 

Brabrand Blue August  Risskov 1 White June 

Brabrand Yellow August  Risskov 1 Yellow June 

Brabrand Blue September Risskov 1 White August 

Brabrand Yellow September Risskov 1 Yellow September 

Brabrand White September Risskov 1 Blue September 

Egå Yellow April  Risskov 1 White September 

Egå White April  Risskov 2 Yellow April 

Egå Yellow June  Risskov 2 Blue April 

Egå Yellow July  Risskov 2 White April 

Egå Yellow August  Risskov 2 Yellow May 

Egå White August  Risskov 2 White May 

Egå Blue August  Risskov 2 Blue July 

Egå Yellow September Risskov 2 Blue September 

Egå White September Risskov 2 White September 

Egå Blue September Risskov 2 Yellow September 

Engsø Yellow April  Viby 1 Blue April 

Engsø White April  Viby 1 Blue May 

Engsø Yellow May  Viby 1 Yellow May 

Engsø Yellow August  Viby 1 White May 

Engsø White August  Viby 1 Blue September 

Engsø Blue August  Viby 1 Yellow September 

Engsø Blue September Viby 1 White September 

Engsø White September Viby 2 Yellow April 

Godsbanen White April  Viby 2 Blue April 

Godsbanen White May  Viby 2 Yellow May 

Godsbanen Blue May  Viby 2 Blue May 

Godsbanen Yellow May  Viby 2 Blue September 

Godsbanen White June  Århus N Blue April 
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1 

Godsbanen Blue July  Århus N 
1 

White April 

Godsbanen Blue August  Århus N 
1 

Yellow April 

Godsbanen Blue September Århus N 
1 

Blue May 

Godsbanen White September Århus N 
1 

White May 

Holme Yellow April  Århus N 
1 

Blue June 

Holme Blue April  Århus N 
1 

Blue August 

Holme White April  Århus N 
1 

Blue September 

Holme Blue May  Århus N 
1 

White September 

Holme Yellow June  Århus N 
2 

Yellow April 

Holme Blue June  Århus N 
2 

Blue April 

Holme Yellow July  Århus N 
2 

White April 

Holme Blue July  Århus N 
2 

Blue May 

Holme White July  Århus N 
2 

Yellow June 

Holme Yellow August  Århus N 
2 

Blue August 

Holme Blue August  Århus N 
2 

Yellow August 

Holme White August  Århus N 
2 

Blue September 

    Århus N 
2 

White September 

 


