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Abstract 
 
Insect pollinators provide indispensible ecosystem services for agricultural, natural and 
urban ecosystems, and have been declining drastically around the globe. These declines 
are largely due to fragmentation and loss of habitat resulting from urbanization and 
intensification of agriculture, and raise concerns over global food security. The purpose 
of this paper is to investigate the effects of urbanization on abundance, species richness 
and diversity of insect pollinators, and whether urban environments have potential as 
sites for conservation. Cities are highly heterogeneous environments with ample foraging 
and nesting opportunities and can house an abundance and diversity of pollinators. Urban 
environments can serve as refuges for many pollinator species. Effective city planning 
and mixed conservation strategies can help to promote healthy populations of insect 
pollinators in urban environments, which can help to stabilize populations in rural 
settings, thereby ensuring pollination services for agriculture and terrestrial ecosystems.  
 
 
Sammanfattning 
 
Pollinerande insekter (pollinatörer) bidrar med oumbärliga ekosystemtjänster till jordbruk 
och naturliga och urbana ekosystem, och de har minskat drastiskt i antal runt hela jorden. 
Dessa nedgångar orsakas till största del av habitatförstöring och -fragmentering, och 
väcker oro över den globala matsäkerheten. Syftet med den här uppsatsen är att 
undersöka hur urbanisering påverkar abundans, artrikedom och biodiversitet hos 
pollinatörer, samt om urbana miljöer har potential som platser för bevarande av 
pollinatörer. Städer är mycket heterogena områden med gott om matresurser och 
boplatser, och kan husera en mångfald av pollinatörer. Urbana miljöer lämpar sig bra som 
platser för bevarande av pollinatörer. Med effektiv stadsplanering och en blandning av 
olika bevarandestrategier kan städer uppehålla hälsosamma populationer av pollinatörer. 
Detta kan hjälpa till att stabilisera populationer på landsbygden och därmed säkerställa 
pollinationstjänster till såväl jordbruk som naturliga terrestra ekosystem.  
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Introduction 
 
In recent times, wild and domesticated populations of insect pollinators have declined 
drastically around the globe, (Ahrné et al. 2009; Potts et al. 2010; vanEngelsdorp & 
Meixner 2010; Bates et al. 2011; Fortel et al. 2014; Baldock et al. 2015; Bellamy et al. 
2017), in both abundance and biodiversity (Potts et al. 2010). These declines are largely 
attributed to the loss and fragmentation of habitats (Potts et al. 2010; Tonietto et al. 2011; 
Hall et al. 2017) resulting from global urbanization and the intensification of agriculture 
(Potts et al 2010; Deguines et al. 2012; Banaszak-Cibicka et al- 2016, Hall et al. 2017). 
Other factors contributing to pollinator declines include the use of pesticides (Potts et al. 
2010), particularly neonicotinoids (Gundlöf et al. 2015), and other agrochemicals (Potts 
et al. 2010), pathogens and climate change (Potts et al. 2010). Honeybees, bumblebees, 
solitary bees, and hoverflies are amongst the most affected (Baldock et al. 2015), but 
even butterflies (Snep et al. 2011; Soga et al. 2014; Barranco-Léon et al. 2016) and 
beetles (Soga et al. 2014) are on the decline. This “pollination crisis” (Bates et al. 2011) 
raises concerns over the security of our food crops as well as the health of natural and 
urban ecosystems. As urbanization increases around the globe (UN 2016), the natural 
habitats of pollinators continue to diminish and are replaced by our urban ones. Does this 
growing urbanization necessitate a further decline of pollinators, or can urban 
environments play a positive role in the conservation of insect pollinators and thereby 
secure pollination services?  
 
 
Pollination 
 
Pollination, the transfer of pollen from one flower to another is the basis for all flowering 
plant reproduction and can be facilitated in numerous ways. In self-pollination, pollen is 
transferred between the male and female reproductive parts of their same flower or 
between flowers on the same individual (Raven, 2013 p.160). In cross-pollination, plants 
rely on pollen to be transferred between flowers of different plants via abiotic agents such 
as wind or water, or animals such as insects, birds or bats. To ensure that pollination, and 
thereby reproduction is successful, many plants have evolved reward mechanisms, such 
as the production of nectar, for their animal pollinators, creating a mutualistic relationship 
between two distinctly different organisms. In exchange for successfully facilitating the 
reproduction of another species, the animal pollinators are rewarded with a source of food 
(Waser et al. 1995; Raven, 2013 p.160).  
 
In some cases, this mutualism has coevolved to be highly specific, where a plant may rely 
on a single animal species, a specialist, to carry out the task of pollination, or conversely, 
where a pollinator has adapted to forage from a single plant species. In other cases, plants 
may rely on a multitude of different animal species, which in turn are able to forage from 
and pollinate a multitude of different plant species. These pollinators are known as 
generalists (Waser et al. 1995; Ricklefs & Relyea 2014 p.400; Sadava et al. 2015 p.598-
599). Specialist plant-pollinator interactions often yield higher pollination success but are 
more vulnerable to change than generalists and thus bear a higher risk for unsuccessful 
plant reproduction (Johnson & Steiner 2000; Potts et al. 2010). From the pollinator’s 
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perspective, being a specialist has the advantage of less interspecific competition for food 
(Fontaine et al. 2008), but bears the risk of food shortage in the event that the host plant 
declines, and can imply a shorter foraging season depending on how long the host plant 
blooms (Waser et al. 1995). Generalist plant-pollinator interactions have the disadvantage 
of less efficient pollination due to pollinators potentially carrying pollen from a variety of 
different flower species (Baldock et al. 2015), but also provide a safety net for plant 
reproduction in that the decline of one pollinator does not imply unsuccessful 
reproduction (Waser et al. 1996). A generalist pollinator can adapt to numerous different 
types of plants and thus has more foraging opportunities, but also may experience higher 
interspecific competition for food resources (Fontaine et al. 2008).  
 
 
The value of insect pollinators 
 
Insect-pollinators (hereinafter referred to as ‘pollinators’) belong to the most important 
animal pollinators (Sadava et al. 2015 p.599) and include bees, wasps, butterflies, moths, 
flies and beetles (see Figure 1). Though small in size, they provide indispensible 
ecosystem services for agricultural crops as well as natural ecosystems (Potts et al. 2010). 
A generalist pollinator that has contributed greatly to the success of agricultural systems 
is Apis mellifera, the honeybee (see Cover photo and Figure 1). Research suggests that 
domestication of the honeybee may have begun in Neolithic times, about 9,000 years ago 
(Rofett-Salque et al. 2015). Since the early 1900’s, US beekeepers have sold pollination 
services by renting out their honeybee hives to farmers. This practice is now widespread 
across the globe and honeybees are considered the most important pollinators in crop 
monoculture (vanEngelsdorp & Meixner 2010). Recent studies, however, suggest that 
wild bees are more efficient crop pollinators than honeybees (Hausmann et al. 2016).  
 

 
      Figure 1 Examples of insect pollinators 

Glasswing butterfly, Greta oto © 
Scott Wylie, Wikimedia 

Commons

Hoverfly, Eupeodes corollae © 
Alvesgaspar, Wikimedia 

Commons

Bumblebee, genus Bombus © 
P7r7, Wikimedia CommonsLonghorn beetle, Stenurella 

melanura © Julia Johner 2013

Honeybee, Apis mellifera © Ivar 
Leidus, Wikimedia Commons
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Insects are responsible for pollinating approximately 35% (Chaplin-Kramer et al. 2014) 
of the food we eat when measured in volume, and had an estimated global annual 
economic value of €153 billion in 2005, making up 9.5% of the total economic value of 
agricultural food crops (Potts et al. 2010; Bates et al. 2011; Baldock et al. 2015). Even 
crops capable of self-pollination benefit from pollinators (Ghazoul 2005; Wietzke et al. 
2018). Cross-pollination via insects can increase the likelihood of successful fertilization 
and reduce the likelihood of deformation, leading to fruit of higher quality with regards to 
shape, flavor, firmness etc. (Wietzke et al. 2018). A study comparing the effectiveness of 
different types of pollination in strawberries showed that pollination by insects 
significantly improved fruit quality and shelf life, and increased marketability by 92%. 
This effect was also found in other crops, such as apple, melon, rapeseed and buckwheat 
(Wietzke et al. 2018).  
 
An estimated 70-75% of the number of food crop species used by humans, such as fruits 
and nuts, are dependent on pollinators for fertilization (Potts et al. 2010; Bates et al. 
2011). Insect-pollinated fruits provide large portions of the micronutrients essential to the 
human diet, such as vitamin A, iron and folate. Studies have shown that micronutrient 
deficiencies in humans are three times as likely to occur in places where sources of 
vitamin A are dependent on pollinators. The people living in these areas are becoming 
more vulnerable to micronutrient deficiencies as pollinator populations continue to 
decline (Chaplin-Kramer et al. 2014). This highlights the importance of pollinators for 
human health.  
 
In addition to their key role in agriculture, insects provide pollination services for 
approximately 80% of all wild plant species (Potts et al. 2010), which, as primary 
producers, fuel the food network of natural terrestrial ecosystems.  
 
Pollinators are also important in urban ecosystems, providing pollination services for 
gardens, parks, allotments and other urban green-spaces (Gunnarsson & Federsel 2014; 
Geslin et al. 2015; Hausmann et al. 2016; Quistberg et al. 2016; Bellamy et al. 2017). A 
recent study, for example, showed a positive correlation between wild bee flower-visits 
and reproductive success in trees in the city of Berlin (Hausmann et al. 2016).  
 
Moreover, pollinators are useful indicators of biodiversity in urban environments 
(Bellamy et al. 2017). Biodiversity is not only vital for healthy ecosystems; it is linked 
with psychological well-being in humans (Banaszak-Cibicka et al- 2016; Bellamy et al. 
2017). The so-called “biodiversity feel-good factor” is a reported sense of well-being in 
places believed to have a high biodiversity. Studies show, however, that this feeling 
doesn’t correlate with actual species richness (Dallimer et al. 2012). Nevertheless, 
exposure to nature and healthy ecosystems, especially for people living in urban 
environments, has a wide range of physical, mental and societal benefits (Dallimer et al. 
2012; Soga et al. 2014; Bellamy et al. 2017). Bees indicate healthy ecosystems and can 
therefore be viewed as “flagship taxa” which can inspire people and demonstrate the 
importance of conserving not only pollinator, but also global biodiversity (Fortel et al. 
2014).  
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Urbanization vs. conservation / Research questions 
 
Urbanization is rapidly increasing around the globe, and according to the UN, 54.5% of 
the world’s population was living in urban areas in 2016. This number is projected to rise 
to 60% by 2030 (UN 2016), and might do so at the cost of pollinator biodiversity (Potts et 
al. 2010). A more urbanized future will likely require a further intensification of 
agriculture, which likely will increase fragmentation and loss of habitat. The global 
decline in pollinator diversity has already ignited traditional conservation efforts, such as 
habitat restoration and the establishment of nature reserves for pollinators (Hall et al. 
2017), as well as a recent ban on neonicotinoids in the EU (Gundlöf et al. 2015). None of 
these efforts, however, take into consideration the importance of pollinators in urban 
ecosystems or the potential of urban environments as sites for conservation. The 
questions that I would like to explore with this literature study are:  
 
1) How does urbanization affect abundance, species richness and diversity in pollinators?   
 
2) Can urban environments serve as a refuge for pollinators, and if so, what potential do 
they have as sites for conservation?  
 
 
 
The effects of urbanization on abundance and species richness  
 
Studies from various cities around the world provide ample evidence that urban 
environments, despite being fragmented, disturbed and polluted (Matteson et al. 2008), 
are not as “ecologically dead” as we may think, especially when it comes to bees. The 
German entomologist Christoph Saure found nearly half of Germany’s bee species in the 
capital city, Berlin (Saure, 1995) over a course of approximately 5 years. In a 4-year 
study of 19 community gardens in highly developed parts of New York, USA, 13% of 
New York State’s recorded bee fauna was found (Matteson et al. 2008). Similarly, 31% 
of France’s bee fauna was found in 2-year survey of Lyon, France (Fortel et al. 2014). A 
shorter study done in 3 parks in central Paris, France (fifteen 24-hour recording sessions 
during a 4-month period) found 44 species of bees (Geslin et al. 2015). In a recent study 
of bees in Berlin, 57 species of bees were found on just 4 species of deciduous trees, 
representing nearly 20% of all bee species of Berlin. Of those 57, 17% were endangered 
species (Hausmann et al. 2016). In another two-year study, researchers found 104 wild 
bee species in green areas in Poznan, Poland (Banaszak-Cibicka & Zmihorski 2012). A 
study in Canada found 48% of bee species known to the region in Montreal, and 41% in 
Quebec City (Normandin et al. 2017). Sirohi et al. (2015) found 22% of the UK’s bee 
species in a study of Northhampton, UK. Most of these studies focused primarily on bee 
communities in urban environments, but there is evidence from tropical surveys that 
green spaces within cities can house a high species richness of butterflies as well (Soga et 
al. 2014; Barranco-Léon et al. 2016).  
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With growing evidence that urbanization does not imply total loss of pollinator diversity, 
many researchers have conducted studies on the abundance, species richness and 
functional traits of pollinators on a gradient of urbanization (Ahrné et al. 2009; Bates et 
al. 2011; Banaszak-Cibicka & Zmihorski 2012; Fortel et al. 2014). Similar studies have 
compared pollinator abundance and species richness between urban environments, 
farmland and nature reserves (Baldock et al. 2015; Sirohi et al. 2015; Martins et al. 
2017).  
 
Many studies have found that overall abundance and species diversity of pollinators 
decline with urbanization. This was the case for bumblebees in allotments along a 
gradient of urbanization in Stockholm, Sweden (Ahrné et al. 2009) and for the abundance 
and species richness of bees and hoverflies in urban, suburban and rural cemeteries and 
churchyards in Birmingham, UK (Bates et al. 2011). Similarly, Fortel et al. (2014) 
showed that for 24 sites in Lyon, France, bee abundance slightly decreased as the 
percentage of impervious surface increased from 10 to 95% cover, as an effect of 
urbanization. 
 
Others found that urbanization does not significantly affect abundance or species richness 
of pollinators. Abundance and species richness of bees, flies, butterflies and beetles did 
not differ significantly between urban environments, farmland and nature reserves in 12 
cities in the UK, in a study that took place during one summer (Baldock et al. 2015). 
Similarly, species richness of bees did not differ significantly between urban sites or 
surrounding meadows or nature reserves in a study done in Northhampton, UK (Sirohi et 
al. 2015).  
 
Urbanization can have a positive effect on pollinator species richness, especially for bees 
(Ahrné et al. 2009; Bates et al. 2011; Baldock et al. 2015; Sirohi et al. 2015; Martins et 
al. 2017). Urban gardens in Stockholm had surprisingly high species richness, 
representing 13 out of the 22 species known to the region (59%)(Ahrné et al. 2009). 
Similarly, abundance and species richness of bees was higher in urban than in suburban 
environments in Birmingham, UK (Bates et al. 2011) and abundance of bees was 
significantly higher in urban areas than in meadows or nature reserves in Northhampton, 
UK (Sirohi et al. 2015).  
 
Urban environments can have a higher pollinator biodiversity than rural (Sirohi et al. 
2015; Martins et al. 2017) or agricultural areas dominated by cash crops (Fortel et al. 
2014; Baldock et al. 2015; Martins et al. 2017). Sirohi et al. (2015) found a significantly 
more diverse bee fauna in the urban core of Northhampton, UK than in the surrounding 
meadows or nature reserves and Baldock et al. (2015) found that species richness for bees 
was significantly higher in urban environments than in farmland. Martins et al. (2015) 
compared abundance, species richness and functional diversity of bees between gardens 
and semi-natural, ruderal areas (such as vacant lots) in urban and rural sites in the 
outskirts of Montreal, Canada. They found that bee diversity was lowest in rural sites 
where the surrounding landscape was dominated by monoculture crops. They found that 
bee species richness, abundance and functional diversity increased with urbanization, 
with the highest bee species richness in semi-natural areas, which had the highest plant 
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species richness. Similarly, Fortel et al.’s study (2014) in Lyon, France found that urban 
sites had higher species richness than ones with agricultural land-cover. They also found 
that that species diversity was highest at 53% (2011) and 47% (2012) coverage of 
impervious surface, which they attribute to the fact that cities are heterogeneous 
environments. The heterogeneous disturbance hypothesis suggests that biodiversity is 
highest when disturbances are at full heterogeneity (50%) (Fortel et al. 2014; Braaker et 
al. 2017). This may explain why some urban environments had higher species richness 
when compared with rural areas, which often are homogenous and dominated by large-
scale agriculture (Banaszak-Cibicka & Zmihorski 2012). 
 
 
The effects of urbanization on functional diversity 
 
Urban environments are more favorable to generalist pollinators than specialists 
(Matteson et al. 2008; Bates et al. 2011; Tonietto et al. 2011; Banaszak-Cibicka & 
Zmihorski 2012; Baldock et al. 2015; Geslin et al. 2015; Hausmann et al. 2016; Martins 
et al. 2017). This is likely due to the fact that generalists are better at adapting to the 
availability of foraging resources than specialists but is not true for all specialists; some 
even benefit from urbanization. Bates et al. (2011) found that two species requiring a 
particular habitat were positively affected by urbanization:  Lassioglossum 
smeathmanellum, a bee that nests in the mortar used in buildings and Bombus hypnorum, 
a bumblebee that nests in birdhouses and forages on flowers commonly found in gardens. 
 
A number of studies found that cavity-nesting bees were more common than soil-nesting 
bees in urban environments, for example in New York City (Matteson et al. 2008) and in 
Denver-Boulder, USA (Hinners et al. 2012), while others found the opposite true. This 
was the case in Chicago, USA (Tonietto et al. 2011) Paris, France (Geslin et al. 2015), 
Northhampton, UK (Sirohi et al. 2015), Poznan, Poland (Banszak-Cibicka et al. 2016) 
and in Berlin, Germany (Hausmann et al. 2016). Fortel et al. (2014) found that cavity-
nesting bees in Lyon, France benefited from urbanization, with greater species richness in 
urban environments than “more natural” ones, but also that soil-nesting bees were not 
greatly affected by urbanization. This variance, which likely depended on local 
differences and methods of inventorying, also applied to the parasitic bees, which can 
serve as indicators of healthy ecosystems, according to Banaszak-Cibicka et al. (2016). 
The percentage of parasitic bees in some studies were 5.6%, 17%, 4.5%, 14%, for 
Matteson et al. (2008); Banaszak-Cibicka & Zmihorski (2012); Fortel et al. (2014); 
Geslin et al. (2015); Hausmann et al. (2016), respectively.  
 
A functional trait in bees that often is compared is tongue-length, which indicates what 
types of floral resources a bee can exploit. Short-tongued bees can only collect nectar 
from flowers with a short corolla, whereas long-tongued bees can visit both flowers with 
long or short corollas (Fortel et al. 2014). Fortel et al. (2014) found that long-tongued 
bees seemed to benefit from highly urbanized areas, and that short-tongued were not 
greatly affected by urbanization. Ahrné et al.’s study (2009) had similar results, with no 
significant difference in abundance of long-tongued or short-tongued bumblebees 
between community gardens on a gradient of urbanization in Stockholm, Sweden.  
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Many researchers are therefore in agreement that while cities may not have as high 
abundance, species richness or functional diversity as natural habitats for all pollinators, 
they can support relatively diverse assemblages of pollinators (Bates et al. 2011; Baldock 
et al. 2015), especially bees (Banaszak-Cibicka & Zmihorski 2012; Fortel et al. 2014; 
Geslin et al. 2015; Martins et al. 2017; Normandin et al. 2017).  
 
 
The advantages of cities   
 
Urban environments are often highly heterogeneous and provide a mosaic of landscapes 
and structures, which can yield a higher biodiversity (Banaszak-Cibicka et al. 2016) than 
intensified agricultural systems (Fortel et al. 2014; Martins et al. 2017). The urban matrix 
was shown to benefit butterflies in a study in Tokyo, Japan (Soga et al. 2014). Numerous 
researches point out that the high species richness and diversity in the urban 
environments they studied most likely had less to do with the intensity of urbanization 
and more to do with the abundance and diversity of floral resources (Ahrné et al. 2009; 
Bates et al. 2011; Sirohi et al. 2015).  
 
Foraging and nesting opportunities are the largest deciding factors for thriving pollinator 
communities in urban environments (Matteson et al. 2008; Ahrné et al. 2009; Hernandez 
et al. 2009; Bates et al. 2011; Wojcik 2011; Tonietto et al. 2011; Fortel et al. 2014; 
Hausmann et al. 2014; Baldock et al. 2015; Geslin et al. 2015; Threlfall et al. 2015; 
Banaszak-Cibicka et al. 2016; Quistberg et al. 2016; Martins et al. 2017; Plascencia & 
Philpott 2017). 
Cities provide a 
great variety of 
floral resources 
year-round 
(Tonietto et al. 
2009; Geslin et 
al. 2015), 
especially in 
green spaces 
such as parks, 
recreation areas, 
allotments (see 
Figure 2), 
private gardens 
(Fortel et al. 
2014), green 
rooftops (Braaker et al. 2014), urban gardens (see Figure 3) cemeteries, botanical gardens 
(Tonietto et al. 2009) and vacant lots (Snep et al. 2011; Gardiner et al. 2013; Martins et 
al. 2017).  
 

Figure 2 Allotment with a variety of floral resources in Stockholm, Sweden © Julia Johner 
2018 
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Figure 3 Urban garden in Berlin, Germany © Julia Johner 2013 

Foraging opportunities include wild and cultivated, ornamental and non-ornamental, 
native and non-native flowering plants (Plascencia & Philpott 2017), as well as city trees 
(Hausmann et al. 2014). There are indications that native plants yield a higher diversity of 
pollinators than non-native plants (Burghardt et al. 2009; Threlfall et al. 2009; Tonietto et 
al. 2011, but see Gardiner et al. 2013; Martins et al. 2017).  
 
Cities also provide nesting opportunities, especially in green spaces with patches of 
undisturbed (Hausmann et al. 2014), bare soil and dead logs, and in manmade cavities 
(Fortel et al. 2014). Even the abundance of rodent holes, from the higher occurrence of 
vermin in urban environments, provides nesting opportunities for soil-nesting species 
(Hausmann et al. 2014).  
 
Urban or periurban areas with frequent disturbances and low nutrient levels, such as road 
verges, gravel pits, dry meadows (Braaker et al. 2014), railroad tracks, abandoned 
airports (Saure 1995) and vacant lots (Gardiner et al. 2013) mimic natural ruderal habitats 
(Braaker et al. 2014). These can house a diversity of pollinators and can serve refuges for 
threatened species (Braaker et al. 2014) (see Figure 4).  
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Figure 4 Vacant lot with ruderal plant-cover in Stockholm, Sweden © Julia Johner 2018 

Besides providing foraging and nesting opportunities, cities are often warmer than the 
surrounding landscapes, a factor that favors bees in particular (Fortel et al. 2014). 
Another advantage of cities is that the use of pesticides is often lower than in agricultural 
areas, making them potentially less toxic to pollinators (Fortel et al. 2014; Hall et al. 
2017; Martins et al. 2017).  
 
 
The potential for conservation in urban environments  
 
Urban environments, with their abundance and diversity of landscape types, floral 
resources and nesting sites, can house a diversity of pollinators, and are growing more 
important as refuges for pollinators (Tonietto et al 2011; Baldock et al. 2015; Sirohi et al. 
2015; Banaszak-Cibicka et al. 2016). While urban environments never could replace 
natural, wild habitats, they hold high potential as sites of conservation (Sirohi et al. 2015) 
for many species, from an ecological standpoint. They also have the monetary and human 
resources for conservation efforts to be put into action (Hall et al. 2017).  
 
But effective conservation requires a comprehensive understanding of the particular 
needs of pollinators, which can differ greatly between species (Hernandez et al. 2009; 
Hall et al. 2017) as well as a landscape-scale approach to designing urban green-spaces 
fit to support pollinators (Hernandez et al. 2009). Soga et al. (2014) investigated how 
butterflies and ground beetles in Tokyo, Japan responded to different types of urban 
conservation. Their research revealed that butterflies benefited more from a method 
called land-sharing, especially in areas with low to intermediate levels of urbanization, 
whereas the ground beetles benefited more from a method called land-sparing. Land-
sharing implies that the preexisting matrix of urban green infrastructure can support 
pollinators– they share the city with us, so to speak. The ground beetles, however, 
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required a larger, un-fragmented and undisturbed habitat. The authors suggested that 
applying only one method of conservation, while benefiting some, could have negative 
consequences for other species (Soga et al. 2014). 
  
Another important factor that can determine how well pollinators will thrive in cities is 
habitat connectivity (Snep et al. 2011; Braaker et al. 2014; Banaszak-Cibicka et al 2016). 
Connectivity between urban green spaces aids in the dispersal of species (Braaker et al. 
2014) and reduces the distance required to fly between nesting site and foraging 
opportunity, which is especially important for smaller species with a lower flight range 
(Banaszak-Cibicka et al. 2016) or less mobility (Braaker et al. 2014), such as the ground 
beetles in Soga et al.’s (2014) study. 
 
Braaker et al. conducted a study in Zurich, Switzerland to investigate if green roofs 
(vegetation-clad rooftops) (see Figure 5) could enhance the connectivity of green spaces 
in urban environments. While they point out that not enough research has been done on 
the topic, they suggest 
that green roofs could 
potentially serve as 
“stepping stones” for 
species’ dispersal, and 
connect pollinator 
meta-populations by 
improving the 
permeability of the 
city (Braaker et al. 
2014). In a later 
study, they compared 
species richness and 
functional diversity in 
pollinators between 
green roofs and 
ground-level sites 
with similar 
vegetation, such as 
road verges, dry meadows and abandoned lots. They found that the pollinators on green 
roofs had a lower species richness than those on ground level, which was especially true 
for beetles, but that there was no difference in functional diversity between green-roof or 
ground-level species. Researches from the University of Toronto suggest that building 
height may play an important role in determining how effective green roofs are for 
promoting pollinator biodiversity and that green roofs above the 8th story of a building 
are negligibly beneficial (Howell et al. 2017). All pollinators have a different flight-
range, determining how far from their nesting sites they can fly to forage. This flight-
range can vary between a radius of 150-650 meters (Hinners et al. 2012). For some 
species, flying up 8 stories may just be too far.  
 

Figure 5 Green roof in Berlin, Germany © Julia Johner 2013 
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Braaker et al. (2017) also found that species richness increased with increased 
connectivity between green roofs, as well as with higher plant species richness. Tonietto 
et al. (2009) compared bee communities between green roofs, parks and prairies in 
Chicago, USA, and found that the amount of green space surrounding the sites in 
question, as well as the diversity of floral resources had a significant effect on species 
richness. They found that while green roofs had lower species richness than prairies, 
roofs planted with native prairie plant species had the highest species richness amongst 
green roofs studied. These findings suggest that habitat connectivity, as well as diversity 
of floral resources is key in maintaining healthy populations of pollinators.  
 
An effective overall strategy for urban conservation would thus be to ensure, not only a 
diversity of foraging and nesting resources to support generalists and specialists alike, but 
also a well-connected matrix of green spaces and habitats to enhance the dispersal of and 
connectedness between meta-populations. More specific conservation efforts would 
require tailoring to meet the needs of the pollinators as well as the city in question.  
 
Bellamy et al. (2017), for example, used a habitat suitability model (HSM) to predict 
which areas of Edinburgh, Scotland are best suited as “core” habitats for bees and 
hoverflies. The model also identified which areas could be improved to meet the needs of 
said pollinators, especially in regards to habitat connectivity. The HSM used records of 
bees and hoverflies in the city, vegetation data, and information about roads and 
watercourses. They found that core habitats suited for bees and hoverflies coincided with 
watercourses and smaller roads such as pedestrian and bicycle paths, and that allotments 
and trees had a positive impact on both pollinators, but especially hoverflies. This model 
allowed them to suggest specific conservation efforts for bumblebees and hoverflies in 
Edinburgh, both for improving inadequate and protecting prime habitats. Potential 
improvements included: planting pollinator-friendly, native wildflowers alongside the 
watercourses and paths that the bees favored to provide foraging resources; planting more 
trees; reducing the frequency of mowing and the use of pesticides and designating more 
land for allotments.  
 
Another example of a specific conservation effort is that of Snep et al. (2011), who 
investigated whether green patches in business sites (i.e. business parks, industrial areas) 
in the Netherlands could serve as connecting habitats for meta-populations from 8 species 
of endangered butterflies, most of which were specialists on ruderal plant species. They 
found that vacant lots, green roofs and lawns in business areas could be converted into 
habitats suiting the foraging and dispersal needs for the butterflies, which could help 
stabilize up to 33% of the populations in question. 
 
 
Discussion 
 
Urbanization is a major contributing factor in the decline of pollinators (Potts et al. 2010), 
which makes the promotion of urban environments as sites for conservation quite 
controversial (Barranco-Léon et al. 2016). When compared with natural or semi-natural 
landscapes, overall species richness and diversity was, for some cases, lower in highly 
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urbanized environments (Ahrné et al. 2009; Bates et al. 2011; Baldock et al. 2015). This 
might lead to the notion that large conservation efforts, such as the formation of nature 
reserves, are a more efficient conservation strategy than a multitude of small and varied 
efforts in the city, especially when some studies reveal a higher abundance of pollinators 
in nature-reserves than in urban environments (Baldock et al. 2015). Yet many of these 
reserves are located in highly intensified agricultural settings, which have been shown to 
have a lower diversity of pollinators (Martins et al. 2017). Some studies have shown that 
land-sharing (conservation efforts that are incorporated into our urban and agricultural 
landscapes) is a more effective conservation strategy for pollinators than land-sparing 
(establishing nature-reserves) (Deguines et al. 2014), although establishing reserves in 
urban environments may be useful for the conservation of specific pollinators, such as the 
butterflies studied in Puebla, Mexico (Barranco-Léon et al. 2016). Urbanization is 
projected to keep increasing (UN 2016) which may imply a further intensification of 
agriculture. This might raise the risk that such reserves eventually would turn into islands 
amidst a landscape of high urbanization and intensified agriculture, yielding their habitats 
fragmented and isolated. It is therefore important to not “put all eggs in one basket” and 
ensure that healthy habitats and foraging resources for pollinators exist even within the 
urban matrix (Threlfall et al. 2015). Conserving pollinator populations in urban 
environments may even help to stabilize populations in agricultural lands via the so-
called “spillover effect” (Hall et al. 2017).  
 
There is ample evidence that cities are neither ecologically void (Bates et al. 2011; Fortel 
et al. 2014; Baldock et al. 2015; Sirohi et al. 2015; Martins et al. 2017), nor lacking the 
potential for housing pollinators, and the idea of urban conservation as a way to ensure 
healthy pollinator assemblages has received much support (Tonietto et al. 2009; Snep et 
al. 2011; Gardiner et al. 2013; Banaszak-Cibicka et al. 2014; Soga et al. 2014; Baldock et 
al. 2015; Barranco-Léon et al. 2016; Bellamy et al. 2016; Hall et al. 2017). City-planners 
could include pollinator-friendly green spaces in their designs for expanding and future 
cities (Ahrné et al. 2009; Banaszak-Cibicka et al. 2014; Gunnarsson & Federsel 2014), 
keeping in mind the importance of year-round floral resources, nesting sites and habitat 
connectivity. Preexisting green spaces, such as public parks (Geslin et al. 2015; Threlfall 
et al. 2015), gardens (Matteson et al. 2008; Threlfall et al. 2015; Quistberg et al. 2016; 
Martins et al. 2017) and green corridors (Bellamy et al. 2016) have the potential of being 
altered and managed to suit the needs of pollinators, for example by planting trees with 
rewarding flowers (Hausmann et al. 2016), planting flowers that attract pollinators 
(Matteson et al. 2008; Martins et al. 2017), preferably native wildflower mixes (Bellamy 
et al. 2016), and ensuring a diversity of potential nesting sites by designating and 
protecting bare-patches of soil (Matteson et al. 2008; Threlfall et al. 2009; Quistberg et 
al. 2016; Banaszak-Cibicka et al. 2016) and allowing dead vegetation, such as logs and 
reeds to remain (Threlfall et al. 2009). Simple measures, such as mowing less (Tonietto et 
al. 2009; Threlfall et al. 2015; Bellamy et al. 2016), and allowing native “weeds” such as 
dandelions and clover grow, would provide foraging resources for bees (Tonietto et al. 
2009). Vacant lots (Snep et al. 2011; Gardiner et al. 2013; Martins et al. 2017), roofs 
(Braaker et al. 2014; Braaker et al. 2017; Tonietto et al. 2009) and roadsides (Bellamy et 
al. 2016) can also be converted to support pollinators. In addition, any private person 
with a balcony or garden can easily plant “pollinator-friendly” flowers to provide 
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foraging resources. 
However, in a study 
conducted in Sussex, UK, 
researchers discovered that 
many plants sold as 
“pollinator-friendly” 
actually contained high 
levels of pesticides toxic to 
pollinators, such as 
neonicotinoids (Lentola et 
al. 2017), yielding them 
highly counteractive. 
Lentola et al. (2017) 
highlight the importance of 
choosing plants that have 
not been treated with 
chemicals. Another simple 
effort is to create nesting 
boxes or so-called “insect 
hotels,” (see Figure 6) to provide artificial habitats for pollinators, although little research 
has been done on the effectiveness of these (Threlfall et al. 2015).  
 
 
Conclusions 
 
In conclusion, urban environments, with their heterogeneous matrix of habitats and 
diversity of floral resources and nesting sites, can support a diversity and abundance of 
pollinators, especially bees. While urban habitats could never replace natural ones, they 
hold high potential as sites for conservation of insect pollinators. Promoting and 
conserving pollinators in urban environments may assist in stabilizing populations in 
rural settings. Restoring and maintaining healthy and diverse communities of pollinators 
will safeguard a large portion of global food production, both in large-scale agricultural 
operations and in smaller farms and gardens, and will service wild ecosystems by 
ensuring successful reproduction of our primary producers.  
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