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Plant species that have highly attractive flowers and/or high floral rewards may act as
magnet plant species and enhance pollinator visitation rates of adjacent less attractive
plant species as well as increase the diversity of pollinators. Organisms occupying urban
ecosystems are exposed to several selection pressures, such as habitat fragmentation that
leads to isolated habitats. Urbanization also creates new anthropogenic habitats that are
exposed to traffic pollution. Despite traffic-caused stressors, these habitats planted with
magnet plants, could act as urban restoration areas. This study evaluated the biodiversity
of flowering plant species in three small-scale habitat types (traffic islands, parking
places, and roadsides) in city centers and in areas outside of the city centers in three
Finnish cities in July-August. Insect pollinators were collected simultaneously with the
biodiversity estimation of flowering plants. The number of flowering plant species did
not differ between areas in the city centers and outside of the city centers, but it seemed
to be highest in traffic islands. The diversity of flowering plant species was highest in
traffic islands, but it did not differ between areas in the city centers and outside of the city
centers. Flowering plant species composition was more homogenous in city centers
compared to areas outside of the city centers. Traffic volume did not affect either the
abundance or diversity of flowering plant species. The number of pollinators was highest
on roadsides and increased with an increasing coverage of flowering species. This study
suggests that urban small-scale ecosystems provide green spaces for insect pollinators
and that these spaces do not significantly differ from areas outside of the city centers in
terms of the diversity of floral resources. Based on previous studies and the results of this
study, the following candidate magnet plant species were identified: yarrow (Achillea
millefolium), autumn hawkbit (Leontodon autumnalis), white clover (Trifolium repens),
common tansy (ZTanacetum vulgare), and creeping thistle (Cirsium arvense). These
species are both abundant in Finnish cities and are able to tolerate traffic pollution; they
could be considered when creating pollinator-friendly urban meadows to promote
pollinator conservation in cities.
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Runsaasti polyttdjid houkuttelevat kukkakasvit voivat lisdtd ldhelld kasvavissa ja
vihemmén polyttdjid houkuttelevissa kasveissa vierailevien polyttidjien madrdd ja
monimuotoisuutta. Kaupunkiympiristoissd eldvdt eliot kohtaavat monenlaisia
valintapaineita, joihin kuuluu esimerkiksi elinympéristdjen  pirstoutuminen.
Kaupungistuminen kuitenkin luo myds uusia, liikennesaasteille altistettuja
elinympéristdjd. Téllaisissa elinympéristdissd kasvavat runsaasti polyttéd;jid houkuttelevat
kasvit voisivat osallistua ekosysteemien ennallistamiseen kaupunkiympéristdissd
litkkenteen aiheuttamista ilmansaasteista huolimatta. Tédssd tutkimuksessa selvitettiin
kukkakasvien monimuotoisuutta heind-elokuun aikana kolmessa Suomen kaupungissa.
Kukkakasveja kartoitettiin kolmenlaisissa pienialaisissa kaupunkielinympéristdissa
(liikenteenjakajat, parkkipaikat ja tienreunat), jotka sijaitsivat kaupunkien keskustoissa ja
keskustojen ulkopuolella. Samoilta tutkimuspaikoilta keréttiin my0s aineistoa
hyonteispdlyttdjistd. Kukkivien kasvien méaaréssa ei ollut eroa kaupunkien keskustojen ja
keskustan ulkopuolisten alueiden vililld, mutta niiden miéard oli l&hes merkitsevésti
suurempi liikenteenjakajissa muihin elinympéristdihin verrattuna. Kukkivien kasvien
monimuotoisuus oli korkein liikenteenjakajissa, mutta se ei merkitsevésti eronnut
kaupunkien keskustojen ja keskustan ulkopuolisten alueiden vililld. Kukkakasvien
lajiston koostumus oli yhtendisempi kaupunkien keskustoissa kuin keskustojen
ulkopuolella. Liikennemaddrilld ei ollut vaikutusta kukkivien kasvien maéadrddn tai
monimuotoisuuteen. Hyonteispdlyttdjien madrd oli suurin tienreunoilla ja niiden maara
kasvoi kukkakasvien peittdvyyden kasvaessa. Tdmén tutkimuksen tulokset viittaavat
sithen, ettd  pienialaiset  kaupunkielinympéristét  tarjoavat  viheralueita
hyonteispdlyttijille, eivitkd ndmé alueet eroa kukkakasvien monimuotoisuuden suhteen
merkitsevasti keskustojen ulkopuolisista alueista. Tdmén ja aiempien tutkimuksien
perusteella runsaasti polyttdjid houkuttelevia kasveja kaupunkiympdristdissd ovat
siankdrsdmo (Achillea millefolium), syysmaitiainen (Leontodon autumnalis), valkoapila
(Trifolium repens), pietaryrtti (Tanacetum vulgare) ja pelto-ohdake (Cirsium arvense),
jotka ovat sekd yleisid Suomen kaupungeissa ettd sietdvét litkenteen aiheuttamia
ilmansaasteita. N&méd kasvit voisivat kaupunkiniityilldi kasvaessaan edistdd
kaupunkiluonnon monimuotoisuutta.

Avainsanat: hyonteispdlytys, kukkakasvit, kaupunkiekologia, litkennepaéstot,
kaupunkiniitty
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1. Introduction

1.1. Flowering plants and pollinators

Pollination is a vital mutualistic relationship between animal-pollinated flowering plants
(angiosperms) and pollinators (Willmer 2011). Globally, 87.5% of flowering plant
species are animal-pollinated (Ollerton et al. 2011). The main group of pollinators is an
insect group, including bumblebees, honeybees, butterflies, beetles, flies, and wasps

(Ollerton 2017). However, birds and mammals also act as pollinators (Ollerton 2017).

The reproduction of animal-pollinated plants relies on pollinators that are feeding on
nectar or pollen provided by the plant and that are carrying the pollen to conspecific plants
(Willmer 2011). Correspondingly, pollinators are dependent on flowering plants as their
food resources (Winfree et al. 2011). Plants attract pollinators with specific features
(attractants) in their flowers, such as size, color, scent, shape, flowering phenology, or
reward availability which refers mainly to the availability of nectar and pollen (Molina-

Montenegro & Cavieres 2006; Willmer 2011).

Color is an important flower trait affecting pollinators’ choices and flower visitation, and
different pollinator groups differ in their color preferences (Willmer 2011; Reverté et al.
2016). For example, bees often prefer blue, purple, pink, white, and in some cases yellow
flowers, while flies often visit flowers that are white or yellow/green (Faegri & Van Der
Pijl 1966; Willmer 2011). Butterflies, in turn, prefer red, purple, and pink flowers, and
wasps usually select brown or yellow/green flowers (Faegri & Van Der Pijl 1966;
Willmer 2011). There are also features of plant groups that are encouraging pollinator
visitation rates such as the number, height, and density of flowers as well as the spatial

pattern of flowers (Willmer 2011; Dylewski et al. 2019; Zeng et al. 2023).

There are both specialist pollinators that are foraging on specific kinds of flowers and
generalist pollinators that are visiting a wide range of different flowers (Willmer 2011).
Similarly, some plant species are specialists, and they have flowers that are attracting
specific pollinators (Willmer 2011). Specialist pollinators can recognize the flowers of a
particular plant species with visual (color of the flowers) and/or chemical (floral scent)

signals of the flowers (Schiestl 2014).



1.2. Magnet plant species

Magnet species are plants that are attractive to pollinators in terms of either highly
attractive flowers and/or high floral rewards (Thomson 1978). They may enhance
pollinator visitation rates of adjacent less attractive plant species and increase their seed
output (Johnson et al. 2003; Molina-Montenegro et al. 2008). This refers to the magnet
effect, which is a facilitative effect, in other words, a positive interaction between two
plant species (Molina-Montenegro et al. 2008, Brooker et al. 2008). The presence of
magnet plants may increase the fitness of the individuals of other plant species by
affecting their interactions with pollinators (Molina-Montenegro et al. 2008). Without
magnet plants, less attractive plant species, for example, species with smaller flowers,
may experience lower reproductive success because of reduced pollen transport (Molina-

Montenegro & Cavieres 2006).

There are multiple abiotic and biotic factors causing environmental stress to plants which
may affect their growth and reproduction (Atkinson & Urwin 2012; Mareri et al. 2022).
Abiotic stressors include, for example, temperature, drought, salt, and heavy metal
stresses as well as UV, ozone (O3), and light stresses (Mareri et al. 2022). Furthermore,
attacks by pathogens and pests, such as bacteria, viruses, fungi, and insect herbivores are
causing biotic stress to plants (Atkinson & Urwin 2012). The facilitative effect of magnet
plants on other plant species may be affected by environmental stressors: positive
interactions may be more common in conditions where physical stress is high (Brooker
et al. 2008). However, when the conditions are less severe the interaction between species
may shift from positive facilitation to negative competition (Brooker et al. 2008). This
refers to the stress gradient hypothesis according to which positive and negative
interactions between species within a community depend on environmental gradients
(Bertness & Callaway 1994). Competition may also displace mutualism in harsh
environments where severe conditions have a stronger effect on plant mortality than on
its reproduction and mutualistic species are less likely to benefit from each other (Travis
et al. 2006). Environmental stress in urban areas can be caused by, for example, traffic
pollution. Thus, the facilitative effect of magnet plants could be modified by the degree

of environmental stress in cities.

Besides the environmental stressors, the magnet effect is probably affected by the density
of magnet plant species in an area. Johnson et al. (2003) discovered that the pollination
success of the non-rewarding green-winged orchid (Anacamptis morio) increased with an

increasing density of nectar-rich chives (A/lium schoenoprasum) at the local (100 m?) and
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large (1 ha) scales. This trend did not happen at the microhabitat scale (1 m?) which may
be a result of bumblebees assembling in the most rewarding patches (Johnson et al. 2003).
Not all highly rewarding plants are magnet plant species. The magnet effect requires that
pollinators visiting magnet plants visit also neighboring less-attractive or less-rewarding
plants. This may lead to competition for pollinators through interspecific pollen transfer
that affects the pollen transport and reproduction of both species (Morales & Traveset
2008; Battle et al. 2021). This is more likely to happen between species of similar color

and those sharing the same pollinators’ communities (Zhang et al. 2021).

The appearance of the magnet effect may depend on the species that are interacting and
their traits, such as the color of flowers (Johnson et al. 2003). In the study by Johnson et
al. (2003), the probability that the queens of red-tailed bumblebee (Bombus lapidarius)
visited temporarily the non-rewarding purple flowers of green-winged orchid (4. morio)
was higher when the bumblebees were foraging on chives (4. schoenoprasum) than when
they were foraging on bird’s-foot trefoil (Lotus corniculatus). Both of these plant species
are considered nectar-rich plants, but chives (4. schoenoprasum) has purple flowers while

bird’s-foot trefoil (L. corniculatus) has yellow flowers (Johnson et al. 2003).

Some plant families have a more diverse set of magnet plant species than others. Plants
in the family Apiaceae have been noticed to attract a high diversity of pollinators (Zych
et al. 2007; Skaldina 2020). Some of these species are potential magnet plants, such as
common hogweed (Heracleum sphondylium), wild angelica (Angelica sylvestris), and
sweet fennel (Foeniculum vulgare) (Zych et al. 2007; Skaldina 2020). The first two of
these three species were found also in Finnish cities in vegetation mapping during 2012-
2013 (Ranta 2014). Other suggested magnet species are, for example, water avens (Geum
rivale) and chives (4. schoenoprasum) (Johnson et al. 2003), and both of them are also

found in Finnish cities (Ranta 2014).

Key characteristics in planted “pollinator-friendly habitats”, such as urban meadows, are
high-resource plants (magnet species) and high plant species diversity (Battle et al. 2021).
According to the study by Battle et al. (2021) pollinator visitation rates of low-resource
species in small patches were higher when they occurred with high-resource or
intermediate-resource species than with low-resource species. In addition, the diversity
of pollinators was higher in patches with high-resource plants (Battle et al. 2021). As
nectar-rich species may increase both pollinator abundance and diversity they should be

considered when planning urban restoration areas for pollinators. Magnet species can also



contribute to the conservation of threatened, low-resource plant species when these

species have similar flowering phenology and are planted together (Battle et al. 2021).

1.3. Urban ecosystems and traffic pollution

Species occupying urban ecosystems are facing many selection pressures and some of
them may act as anthropogenic “biodiversity filters” affecting plant communities and
species composition (Williams et al. 2009). These “biodiversity filters” can be classified
as habitat transformation, habitat fragmentation, urban environmental effects, such as
increased temperatures and high levels of pollution, and human preferences (Williams et
al. 2009). They may affect both the abundance and distribution of plant species in cities
(Williams et al. 2009). For example, habitat transformation caused by urbanization may
lead to the loss of natural habitats of species (Williams et al. 2009). Habitat fragmentation,
in turn, may create small and isolated habitat patches that are threatening species with
low dispersal abilities and may lead to limited genetic variation within plant populations
(Williams et al. 2009: Dubois & Cheptou 2016). However, there may be variability in
habitat quality even in small and isolated habitats due to the edge effect according to
which habitat edges are often characterized by differences in the microenvironment
compared to the habitat interior zone, and species responses to these changes are variable

(Ribeiro et al. 2016; Zhang et al. 2021).

The theory of island biogeography predicts that species richness in isolated habitats, in
other words islands, is affected by the distance from the mainland (isolation) and by the
area of the island (MacArthur & Wilson 1967). The theory has been applied also to urban
ecosystems, where either cities have been considered isolated islands surrounded by the
landscape between cities (Clergeau et al. 2004; MacGregor-Fors et al. 2011) or urban
green areas in cities have been considered anthropogenic islands within cities (Itescu
2019). It has been earlier observed that both population size and diversity of plant species
are often lower in small, fragmented habitats (Xiao et al. 2016). In addition, the abundance
of plant species seems to decrease with an increasing isolation from other habitats (Xiao
et al. 2016). Thus, in urban ecosystems, there may be a need for ecological restoration
actions to maintain, for example, the essential pollination ecosystem services in

fragmented habitats.

To conserve the present and future biodiversity, it is important to understand how
urbanization is affecting species and whether species are able to adapt to changing
4



environments. In urban ecosystems, the plant species assemblages are mixtures of native
species, non-native ornamental species, and invasive species that have become
established in the new area, and therefore species richness in cities may be even higher
than in neighboring non-urban areas (Kowarik & von der Lippe 2018; Gao et al. 2021).
The global trend is that plant populations are smaller in urban areas compared to rural
areas (Aronson et al. 2014). The population density is generally higher in older cities and

in areas where there is more intact vegetation (Aronson et al. 2014).

Urban species assemblages are often homogenized as some urban species, which are
adapted to urban selection pressures, are common in cities globally (Grimm et al. 2008).
Common plant species in cities worldwide are for example annual meadowgrass (Poa
annua), shepherd’s purse (Capsella bursa-pastoris), chickweed (Stellaria media), and
common reed (Phragmites australis) (Aronson et al. 2014). All these species are
archaeophytes, in other words non-native species that have been introduced to Europe
centuries ago, usually before the 16" century (Aronson et al. 2014). These species do not
have the characteristics of magnet species as both shepherd’s purse (C. bursa-pastoris)
and chickweed (S. media) have small flowers and are mainly self-pollinated while annual
meadowgrass (P. annua) and common reed (P. australis) are grasses (Poaceac) that are

wind-pollinated (Willmer 2011; Ranta 2014).

Although one consequence of urbanization is the loss of natural habitats, it also creates
new anthropogenic habitats with typical sets of plant species (Williams et al. 2009). There
are various small-scale anthropogenic ecosystems in urban areas, for example, traffic
islands, parking places, and road edges. All natural, semi-natural, and artificial
ecosystems in urban and periurban areas create green infrastructure which has an
important role in maintaining connectivity between habitats and providing multiple
ecosystem services (Tzoulas et al. 2007). Due to traffic, habitats in the vicinity of roads
are facing changes in physical and chemical environments (Rotholz & Mandelik 2013).
These include changes in temperature (urban heat island), hydrology, and soil
composition (Pickett et al. 2001; Grimm et al. 2008). Due to higher temperatures, the
growing season in cities is longer and flowering begins earlier than in rural areas (Singh

et al. 2018).

One consequence of traffic is traffic pollution (Grimm et al. 2008). This includes
increased levels of air pollutants as well as noise and light pollution (Pickett et al. 2001;
Grimm et al. 2008). Rotholz & Mandelik (2013) discovered that the urban selection

pressures favor disturbance-associated species in road edge habitats, while the proportion
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of endemic species is lower. New, disturbance-associated species may tolerate better
changes in physical and chemical conditions in roadside habitats than local species
(Rotholz & Mandelik 2013). Thus, they may have higher growth rates in urban
ecosystems (Rotholz & Mandelik 2013).

Traffic pollution results in the release of gaseous pollutants such as nitrogen oxides (NOx),
carbon monoxide (CO), production of tropospheric ozone (Os), and particulate matter
(PM) (Pickett et al. 2001; Fenger et al. 2009; Ranta 2014). Urban vegetation has a role in
mitigating air pollution as urban meadows located close to roads accumulate PM from
the air (Przybysz et al. 2021). One species found to be especially efficient in accumulating
PM is yarrow (Achillea millefolium) (Przybysz et al. 2021). Urban meadows are more
efficient in PM accumulation than traditional lawns, which indicates the importance of
urban meadows with natural vegetation in cities in air pollution control (Przybysz et al.
2021). Nitrogen dioxide (NO:) caused by traffic is problematic as decreasing the
emissions would require reducing private motoring (Grundstrom & Pleijel 2014; Ranta
2014). Nitrogen dioxide fertilizes the soil, which may lead to changes in species
assemblages as nitrate in soil favors species that are tolerating such conditions including
cow parsley (Anthriscus sylvestris) and stinging nettle (Urtica dioica) (Ranta 2014).
There are studies indicating the positive impact of vegetation in reducing the
concentration of NO: in traffic-polluted environments (Grundstrom & Pleijel 2014;

Gourdji 2018).

A distinctive group of plant species in cities is alien ornamental plants (Gao et al. 2021).
These ornamental plants may be an important source of pollen and nectar for pollinators
in cities where land-use changes are affecting insect diversity (Wrdblewska et al. 2016).
Ornamental plants often have long flowering periods, which leads to continuous
availability of nectar and pollen (Wroblewska et al. 2016). In addition, flowers of
ornamental plants are often oversized, and they have large and showy blooms which could
increase their attractiveness to pollinators (Erickson et al. 2019). For that reason, magnet
plants in cities could also be alien ornamental species instead of just wild native species.
Especially ornamental plants in the family Asteraceae, such as garden dahlia (Dahlia
pinnata) and giant knapweed (Centaurea macrocephala), have easily accessible pollen

that many insects can exploit (Wroblewska et al. 2016).



1.4. Pollinators in cities

Besides plants, pollinators are also facing harsh environmental conditions caused by high
traffic (Phillips et al. 2021). Along roadsides, pollinators are exposed to different forms
of traffic-caused stressors, including heavy metal pollution, dust, noise, light, and
turbulence (Phillips et al. 2020; Phillips et al. 2021). The exposure to these environmental
stressors is especially high for pollinators that are nesting in habitats near high traffic
compared to pollinators that are only temporarily foraging for food in those habitats
(Phillips et al. 2020). Traffic intensity affects pollinator mortality along roadsides, as in
the study by Daniel-Ferreira et al. (2022), the probability of finding a dead bumblebee
queen on roadsides increased with an increasing traffic volume (average daily traffic). In
addition, the number of living bumblebee queens was negatively associated with traffic

intensity (Daniel-Ferreira et al. 2022).

Traffic pollution may also affect plant-pollinator interactions (Ryalls et al. 2022). It has
been earlier observed that high levels of urban air pollutants, such as nitrogen oxides
(NOy) and ozone (0Os), may decrease the flower visitation of pollinators probably due to
changes in plant volatile organic compounds (VOCs) caused by air pollution (Ryalls et
al. 2022). Traffic pollution may negatively affect pollinator populations locally if it either
causes harm directly to pollinators or indirectly to their floral resources (Phillips et al.
2020) Urbanization has created pressures, especially to insect pollinators that are
specialists in their foraging strategies as non-native ornamental species and invasive plant
species have replaced native plant species in cities (Wenzel et al. 2020). In addition, soil-
nesting insects are negatively affected by urbanization due to sealed surfaces such as

asphalt (Wenzel et al. 2020).

Despite traffic-caused stressors, roadsides and other habitats with native vegetation can
be essential habitats for insect pollinators and provide important resources in urban
environments (Heneberg et al. 2017; Phillips et al. 2021). The presence of wild native
flowering plant species seems to be an important factor affecting the abundance of
pollinators in urban green spaces (Pardee & Philpott 2014). However, it has been
observed that the richness of native flowering plant species decreases with an increasing
habitat fragmentation in urban areas (Theodorou et al. 2020a). Facilitative interactions
are important in maintaining the structure and function of plant communities (Brooker et
al. 2008). Therefore, magnet plants could have a role in the restoration of traffic-polluted
urban areas. For example, sweet fennel (Foeniculum vulgare), belonging to the family

Apiaceae, attracts a diverse group of beneficial insects with its scent, green color of
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flowers, and exposed nectaries, and would hence be a useful magnet species in ecosystem
restoration (Skaldina 2020). Thus, small-scale urban ecosystems, such as roadsides, with
lower traffic densities or urban wildflower meadows could promote pollinator
conservation in cities (Phillips et al. 2021; Roguz et al. 2023) especially if they are rich

in native magnet plant species.

1.5. Research questions and hypotheses

The aim of this master’s thesis was to reveal the diversity of flowering plant species in
small-scale, traffic-polluted ecosystems in Finnish cities in July-August (biodiversity
peak of flowering plants and pollinators in Finland). The research objective was to select
candidate magnet plant species that are abundant in Finnish cities, able to tolerate traffic
pollution, and could raise biodiversity and promote the conservation of pollinators in
urban areas. The selected candidate magnet plant species could be used in urban green

area planning and planted in urban meadows to increase biodiversity in Finnish cities.

The following research questions were studied: (1) Is there a difference in the diversity
of flowering plant species between traffic-polluted urban areas and less-polluted areas
outside of the city centers? (2) Is there a difference in the diversity of flowering plant
species between three small-scale urban ecosystems (traffic islands, parking places, and
roadsides)? and (3) Is there a difference in the number of pollinators between urban areas

and areas outside of the city centers?

It was hypothesized that (1) The diversity of flowering plant species would be lower in
traffic-polluted urban areas compared to less-polluted areas outside of the city centers due
to urban selection pressures affecting plant species composition, (2) The diversity of
flowering plant species would be lower in traffic islands compared to parking places and
roadsides because traffic islands are isolated habitats and exposed to traffic pollution from
two sides, and (3) The number of pollinators would be higher in areas outside of the city
centers compared to urban areas in the city centers because of traffic-caused pressures in
cities and higher resource availability (flowering plant species) for pollinators outside the

cities.



2. Materials and methods

2.1. Field data collection

The fieldwork was performed during a two-week period in July-August 2022. In Finland,
this period represents a biodiversity peak of pollinators and flowering plants. Data were
collected in three cities Turku, Helsinki, and Tampere from three types of small-scale
urban ecosystems; (1) parking places, (2) traffic islands, and (3) roadsides (Fig. 1), and
from two area types; (1) areas in the city centers and (2) areas outside of the city centers.
There were 30 study locations per city: five traffic islands, five parking places, and five
roadsides in both area types. The study locations were preselected with Google Maps
application. The exact study locations were selected on site. It was not possible to know
beforehand if the green areas in the cities or outside of the city centers were mown or
planted with ornamental plants and thus not suitable for the data collection. The
requirement for a study location was that it had not been recently mown, and it had some
wild plant species instead of just lawn. The data were collected over several days taking
approximately two to three days per city. Data collection was usually performed between

8 am and 7 pm.

Figure 1 Photo examples of three small-scale habitat types where the data were collected: (a)
traffic island, (b) parking place, and (c¢) roadside. Traffic islands were isolated from other green
spaces and exposed to traffic from two sides while parking places and roadsides were generally
exposed to traffic only from one side.

Five wooden quadrats (Im % 1m) were placed in each study location at intervals of five
meters starting from a randomly selected place (Fig. 2). If the study location was large

and had a high diversity of flowering plant species, the first three quadrats were placed at
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intervals of five meters and then two quadrats were placed on the other side of the area at
intervals of five meters to record the observed variation of vegetation. In both Helsinki
and Tampere, there were 150 quadrats in total. In Turku, there were 146 quadrats because
two traffic islands contained only three quadrats due to their small area. Altogether, there

were 90 study locations and 446 quadrats processed.

1m

Distance to the road
ct————————————

Figure 2 Sampling design: five quadrats (Im x 1m) were placed in each study location at intervals
of five meters. The quadrat’s distance to the road was measured in meters.

The biodiversity of flowering plant species was estimated for each quadrat. All vascular
plant species in a quadrat were identified up to species level using a botanical handbook
(Kurtto & Helynranta 2018) and Pl@ntNet application when it was necessary (Table Al
in Appendices). The flowering status (flowering or not flowering) of each plant species
was recorded. In unclear cases, only the genus of a plant was identified instead of the
species. All grass species were classified into the family Poaceae. The percentual
coverage of both all species and each flowering plant species was visually estimated. The
quadrat’s distance to the closest road was measured in meters. The distance to the road

varied between quadrats (mean = SD: 0.9 m + 0.065 m).

2.2. Estimate of traffic pollution

Traffic pollution in the study locations was estimated with the Traffic volume map of the
Finnish Transport Infrastructure Agency which is available as open data (The Finnish

Transport Infrastructure Agency 2022). The traffic volume map provides the yearly
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average of daily traffic on the main roads in Finland in 2021. The traffic volume (KVL)
is measured as an annual mean of vehicles per day. The Road Network Maps do not cover
the smallest streets so the estimate of traffic pollution on each study location was based
on the traffic volume of the closest available street and the final selection of the KVL was

made considering the estimated size of the street (Fig. 3). Average distance (mean = SD)

from the actual location to the known KVL index was 2.6 £ 2.2 km.

Figure 3 An example of data collection for the mean traffic volumes from the interactive map of
the Finnish Transport Infrastructure Agency. The numbers represent the yearly average (2021) of
vehicles per day (KVL) on main roads. The KVL for each study location was chosen considering
the closeness and the estimated size of the street.

2.3. Pollinator data

To determine the most attractive flowering plant species to pollinating insects, pollinator
data were collected simultaneously with the biodiversity estimation of flowering plants
in each study location. Insects were sampled from all flowering plants across a transect
(2m x 10m) within the same areas where the quadrats were placed. Insect pollinators were
collected using a hand net for approximately 20 minutes period per study site. If an insect
was collected from a flower, the flower was collected as well to record the plant species
visited by the insect. All insects from the study site were collected in 50 mL PP-tubes,
freeze-killed on ice in the field, and further stored in a freezer at -20 °C until
identification. The insects were further classified to morphotype level as bumblebees,
honeybees, flies, wasps, and butterflies. There were 27 study locations without any

pollinators observed and collected due to high traffic, rain, or time of day (too early in the
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morning or too late in the evening). A total of 531 insect specimens from 63 out of 90

study locations were collected.

2.4. Statistical analyses

All statistical analyses were conducted in R version 4.1.1 (R Core Team 2021). To assess
the differences in vegetation between different study locations, four linear mixed effect
models (LME) were constructed (using lme4:lmer; Bates et al. 2015). Dependent
variables were the number of all plant species, the number of flowering plant species, the
coverage of all plant species, and the coverage of flowering plant species. The four
dependent variables were analyzed separately because there were no strong correlations
between them (all r < 0.62). Explanatory variables in each model included city (Turku,
Helsinki, Tampere), habitat type (traffic island, parking place, roadside), area (in the city
center, outside of the city center), distance to the road, and traffic volume, as well as two-
way interactions between city and habitat type, city and area, and area and habitat type,
and a three-way interaction between city, habitat type, and area. Study location was
included as a random effect as there were five quadrats in each study location that were

not independent of each other.

The diversity of flowering plant species was analyzed using Shannon’s diversity index
(using vegan:diversity; Oksanen et al. 2020). Shannon’s index reflects both species
richness (the number of species) and their evenness (Borcard et al. 2018). The index
increases with an increasing diversity of species (Borcard et al. 2018). The diversity index
was calculated from the percentual coverage of each flowering species in a quadrat. To
assess the differences in diversity between different study locations, a linear mixed effect
model was constructed using the same model structure as described above and the
diversity of flowering plant species based on Shannon’s diversity index as a dependent

variable.

To visualize the differences in flowering plant species composition between study
locations, a non-metric multidimensional scaling (NMDS) based on Bray-Curtis distance
was performed (using vegan:metaMDS; Oksanen et al. 2020). The ordination was based
on the average flowering species coverage in each study location (n = 90 locations), and
it illustrated flowering plant species communities well (stress = 0.29). Permutational
multivariate analysis of variance (PERMANOVA) (999 permutations, using

vegan:adonis; Oksanen et al. 2020) was used to test differences in flowering plant species
12



composition between the study locations. PERMANOV A was constructed using the same
model structure for the fixed explanatory variables as in the linear mixed effect models.
To determine which flowering plant species were associated with habitat types and areas,
indicator species analysis was performed (using indicspecies:multipatt; De Caceres &

Legendre 2009).

To assess if the number of insect pollinators differed between study locations, a linear
fixed effect model was constructed using the same model structure as described above
with the number of pollinators collected from each study location as a dependent variable.
The fixed effect model was used because each study location contained only one transect
for pollinators. To determine the effect of flowering plant species on the abundance of all
insect pollinators, a linear model was constructed. The explanatory variables were the
number of flowering plant species and the coverage of flowering plant species in study
locations and the dependent variable was the number of all insects. Different insect
pollinator groups were pooled into one group in linear models because the focus was on

the overall attractiveness of plant species.

Model assumptions for all linear models were checked visually from residual vs. fitted
value plots and Quantile-Quantile plots. Pairwise comparisons with Tukey’s test were
conducted for explanatory variables with more than two levels if there were significant

effects on dependent variables (using emmeans:emmeans; Lenth 2022).

3. Results

3.1. Differences in vegetation across study locations

The total number of all vascular plant species differed significantly between area types
(Table 1). There were more species in areas outside of the city centers than in areas
located in the city centers (Fig. 4a). Neither city, habitat type, distance to the road, and
traffic volume nor any of the two-way and three-way interactions affected the total

number of species (Table 1).

Habitat type seemed to affect the number of flowering plant species so that the highest
number of flowering species was in traffic islands and the lowest number on roadsides

although this effect was only marginally significant (Table 1; Fig. 4b). The number of
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flowering plant species was not affected by city, area, distance to the road, traffic volume,

or any of the two-way and three-way interactions (Table 1).
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Figure 4 The number of all plant species per area type (a) (mean + SE, n = 446 quadrats). The
statistical difference between area types is shown with different letters (P < 0.05, ANOVA). The
number of flowering plant species per habitat type (b) (mean = SE, n = 446 quadrats).

The percentual coverage of all plant species in quadrats differed between habitat types so
that the coverage was highest on roadsides (Table 1; Fig. 5a). In addition, the coverage
of all plant species increased with an increasing distance to the road (Table 1; Fig. 6a).
City, area, traffic volume, and any of the two-way or three-way interactions had no effect

on the total coverage of all plant species (Table 1).

The percentual coverage of flowering plant species increased with an increasing distance
to the road (Table 1; Fig. 6b). The coverage of flowering species seemed to differ between
habitat types so that the coverage was highest in parking places, although this effect was
only marginally significant (Table 1; Fig. 5b). Neither city, area, traffic volume nor any
of the two-way or three-way interactions affected the coverage of flowering species

(Tablel).
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Figure 5 The percentual coverage of all plant species (a) and flowering plant species (b) per

habitat type (mean + SE, n = 446 quadrats). The statistical differences between habitat types are
shown with different letters (P < 0.05, Tukey’s test).
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Figure 6 Change in the coverage of all plant species (a) and flowering plant species (b) with an
increasing distance to the road (mean, n = 446 quadrats). The lines show the relationships between
the dependent and explanatory variables and are estimated from linear mixed models.
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Table 1 Results of linear mixed-effect models used to determine differences in vegetation
between study locations. Study location was included as a random effect in each model.
Significant p-values (P < 0.05) are shown in bold.

nggzﬁf:t Explanatory variable F g, aar P
No. all plant City (3 levels) 1.101 2, 71.23 0.338
species Habitat type (3 levels) 0.244 3, 7058 0.784
Area (2 levels) 7.784 1,709 0.007
Distance to the road 3.271 1, 39844 0.071
Traffic volume 0.008 1, 70.50 0.929
City x Habitat type 0.934 4, 7069 0.449
City X Area 0.043 5, 7068 0.958
Area x Habitat type 0.346 2, 71.05 0.708
City x Habitat type x Area 0.013 4, 71.11 1.000
No. flowering City (3 levels) 2223 21123 0.115
plant species Habitat type (3 levels) 2.783 2, 7052 0.069
Area (2 levels) 2.457 1, 7047 0.121
Distance to the road 0.063 |, 35858 0.802
Trafﬁc Volume 0.011 1,70.38 0.918
City x Habitat type 1.750 4,70.60 0.149
City X Area 0.015 2,701 0.985
Area x Habitat type 0.3532 71.03 0.704
City x Habitat type x Area 0.045 4, 71.09 0.996
Coverage of all | City (3 levels) 1.388 2,71.23 0.256
plant species (%) | Habitat type (3 levels) 3.167 2,70.84 0.048
Area (2 levels) 0.133 1, 70.49 0.716
Distance to the road 8.006 1, 366.57 0.005
Traffic volume 0.042 17040 0.838
City x Habitat type 0.957 4, 7062 0.437
City X Area 1.034 5, 70.62 0.361
Area x Habitat type 0.104 2, 71.04 0.901
City x Habitat type X Area 1.429 4,71.10 0.233
Coverage of City (3 levels) 1.293 5, 7121 0.281
flowering plant | Habitat type (3 levels) 3.048 2,70.76 0.054
species (%) Area (2 levels) 0.659 1, 70.33 0.420
Distance to the road 14.027 131032 <0.001
Traffic volume 2.652 1, 7025 0.108
City x Habitat type 1.027 4,70.51 0.399
City X Area 0.175 2, 7052 0.840
Area x Habitat type 2.297 2, 7101 0.108
City x Habitat type X Area 1.920 4,71.05 0.116
Shannon’s index | City (3 levels) 2.784 5, 71.18 0.069
Habitat type (3 levels) 4.023 2, 7070 0.022
Area (2 levels) 1.042 1,703 0.311
Distance to the road 0.562 127638 0.454
Traffic volume 0.300 1, 70.16 0.586
City x Habitat type 1.686 4,70.43 0.163
City x Area 0.026 2, 70.46 0.975
Area x Habitat type 0.128 2,708 0.880
City x Habitat type x Area 0.156 4,71.01 0.960
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3.2. Diversity of flowering plant species across study locations

The diversity of flowering plant species (measured as Shannon’s diversity index) differed
significantly between habitat types (Table 1). The diversity was highest in traffic islands
and lowest in roadsides, and the diversity differed significantly between these two habitat
types (Fig. 7). Neither city, area, distance to the road, traffic volume, nor any of the two-
way and three-way interactions affected the diversity of flowering plant species (Table

1.
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Traffic island  Parking place Roadside
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Figure 7 Diversity of flowering plant species per habitat type (mean + SE, n = 446 quadrats).
Diversity is measured with Shannon’s diversity index. The statistical differences between habitat
types are shown with different letters (P < 0.05, Tukey’s test).

3.3. Variation in flowering plant species communities across study
locations

The most common flowering plant species were yarrow (Achillea millefolium) and
autumn hawkbit (Leontodon autumnalis). Y arrow (A. millefolium) was flowering in 17%
of the quadrats and autumn hawkbit (L. autumnalis) in 16% of the quadrats. These two
species were the most common plant species in both areas (in the city center and outside
of the city center). The most common flowering plant species in traffic islands and
parking places was yarrow (4. millefolium) while on roadsides the most common
flowering plant species was autumn hawkbit (L. autumnalis). Other common flowering
plant species in both areas were common tansy (7anacetum vulgare), knotgrass

(Polygonum aviculare), scentless mayweed (Tripleurospermum inodorum), creeping
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thistle (Cirsium arvense), alsike clover (Trifolium hybridum), white clover (Trifolium
repens), and pineapple weed (Matricaria discoidea), although each of these species was

flowering in less than 5% of the quadrats.

The composition of flowering plant species differed between cities, areas, and habitat
types (Table 2; Fig. 8). Based on the NMDS ordination, the vegetation seems to be more
homogeneous in areas in the city centers (i.e. has a narrower hull) compared to areas
outside of the city centers (Fig. 8). Distance to the road significantly affected the
composition of flowering plant species (Table 2; Fig. 8). Neither traffic volume nor the
two-way and three-way interactions affected the flowering plant species composition

(Table 2).

Table 2 Results of permutational multivariate analysis of variance (PERMANOVA) that was
used to determine differences in flowering plant species compositions between the study
locations. Significant p-values (P < 0.05) are shown in bold.

Factors R? F g P

City (3 levels) 0.034 1.586 > 0.011
Habitat type (3 levels) 0.034 1.604 » 0.007
Area (2 levels) 0.022 2.067 4 0.004
Distance to the road 0.017 1.551, 0.027
Traffic volume 0.007 0.646 , 0.958
City x Habitat type 0.045 1.048 4 0.344
City x Area 0.027 1.268 > 0.092
Area x Habitat type 0.024 1.112 0.247
City x Habitat type x Area 0.041 0.9514 0.600
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Figure 8 NMDS ordinations based on average flowering species coverage in the study locations
(n=90). Ordinations are illustrating differences in flowering species composition between three
cities (a), three habitat types (b), and two area types (c).
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An indicator species analysis revealed that an indicator species for roadsides was
goldenrod (Solidago virgaurea), whereas common tansy (7. vulgare) was associated with
both roadsides and parking places. Knotgrass (P. aviculare) was associated with traffic
islands and parking places. Only one species, common mouse-ear (Cerastium fontanum),
was strongly associated with areas in the city centers while indicator species for areas
outside of the city centers were pineapple weed (M. discoidea), scentless mayweed (7.
inodorum), white clover (7. repens), alsike clover (T. hybridum), and brown knapweed

(Centaurea jacea).

3.4. Pollinator abundance

The abundance of pollinators differed significantly between habitat types (Table 3), being
highest on roadsides and lowest in traffic islands (Fig. 9a). Neither city, area, distance to
the road, traffic volume nor any of the two-way and three-way interactions affected the
number of pollinators (Table 3). The number of all pollinators increased with an
increasing coverage of flowering plant species (Table 3; Fig. 9b). However, the number

of flowering plant species did not affect the number of pollinators (Table 3).

Table 3 Results of linear models that were used to determine the differences in pollinator
abundance between study locations and whether the number and coverage (%) of flowering plant
species affected the number of pollinators within the study locations. Significant p-values (P <
0.05) are shown in bold.

Dependent variable Explanatory variable F g P
No. pollinators City (3 levels) 1.915, 0.155
Habitat type (3 levels) 10.078 » <0.001
Area (2 levels) 0.143, 0.706
Distance to the road 0.280 0.599
Traffic volume 3.642 0.060
City x Habitat type 0.613 4 0.654
City x Area 0.095 » 0.909
Area x Habitat type 1.456 » 0.240
City x Habitat type x Area 1.256 4 0.296
No. pollinators No. flowering plant species 0.210 0.648
gi)oe\éei:g(i%(;f flowering plant 22259 , <0.001
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Figure 9 The number of pollinators per habitat type (a) (mean + SE, n = 90). The statistical
differences between habitat types are shown with different letters (P < 0.05, Tukey’s test).
Change in the number of pollinators with an increasing coverage of flowering species (b) (n =
90). The line shows the relationship between the dependent and explanatory variables and is
estimated from a linear model.

Based on observations during the fieldwork, very attractive flowering plant species to

pollinators were autumn hawkbit (L. autumnalis), creeping thistle (C. arvense), yarrow

(4. millefolium), common tansy (7. vulgare), brown knapweed (C. jacea), white clover

(T. repens), red clover (T. pratense), zigzag clover (7. medium), oxeye daisy

(Leucanthemum vulgare), welted thistle (Carduus crispus), and red dead-nettle (Lamium

purpureum) (Table 4; Fig. A1 in Appendices).

Table 4 Percentage of insect pollinators that were collected per flowering plant species.

Scientific name

Common name

Insect pollinators

Achillea millefolium
Carduus crispus
Centaurea jacea
Cirsium arvense
Lamium purpureum
Leontodon autumnalis
Leucanthemum vulgare
Tanacetum vulgare
Trifolium medium
Trifolium pratense
Trifolium repens

yarrow
welted thistle
brown knapweed
creeping thistle
red dead-nettle
autumn hawkbit
oxeye daisy
common tansy
zigzag clover
red clover

white clover
Others
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4. Discussion

The results of this study suggest that urban environments in Finnish cities provide green
spaces for insect pollinators and these green spaces do not significantly differ from areas
outside of the city centers in terms of the number, coverage, and diversity of flowering
plant species. These results are against the hypothesis predicting that the diversity of
flowering plant species would be higher in areas outside of the city centers compared to
areas in the city centers. However, flowering plant species communities seemed to be
more homogeneous in cities. Although the diversity of flowering plant species was
highest in traffic islands, the number of insect pollinators was highest on roadsides,
suggesting that there are also other factors than the diversity of flowering plants that are
affecting the abundance of pollinators in urban small-scale ecosystems. In general, the
increasing coverage of flowering plant species seems to increase the number of insect
pollinators. Contrary to expectations, the abundance of pollinators did not differ between

areas in the city centers and outside of the city centers.

4.1. Differences in vegetation across study locations

The number of all plant species was significantly lower in the city centers compared to
areas outside of the city centers. In addition, the composition of flowering plant species
was more homogeneous in the city centers compared to areas outside of the city centers.
These results are in line with earlier studies showing lower species richness and
homogenized plant species composition in cities compared to rural areas outside of the
cities (McKinney 2008; Aronson et al. 2014; Singh et al. 2018). The lower number of
plant species in city centers may be due to the “biodiversity filters” affecting species
composition in urban areas, such as increasing patchiness and habitat fragmentation
(Williams et al. 2009). The survival of native plant species in cities may be reduced due
to isolation from rural populations leading to local extinction of some native plant species
(Ceplova et al. 2017). Invasive and non-native plant species, in turn, are transported via
human activities such as traffic and plantations, which makes them independent from
rural species pools, and cities are often associated with a high diversity of non-native
species (Singh et al. 2018; Gao et al. 2021). In this study, non-native plant species that
were found in both areas (in the city centers and outside of the city centers) were, for
example, creeping yellowcress (Rorippa sylvestris) and wild parsnip (Pastinaca sativa).

Invasive, currently flowering plant species found only in cities were Canadian fleabane
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(Erigeron canadensis) and Canadian goldenrod (Solidago canadensis). However, there
was also one non-native plant species found only in areas outside of the city centers: the

ornamental nectar plant lacy phacelia (Phacelia tanacetifolia).

The lower number of plant species in cities may also be due to “urban-adaptable” species
that become more common as urbanization increases and replace native, less-adaptable
species (Singh et al. 2018). Common mouse-ear (C. fontanum), an indicator species of
areas in the city centers is a nearly cosmopolitan plant species often found in
anthropogenic habitats (LaPaix & Freedman 2010; Ranta 2014). Built-up areas in cities
constructed from asphalt and concrete as well as heat from traffic change climatic
conditions in cities and create a phenomenon known as urban heat island (UHI) (Ceplova
et al. 2017). Due to higher temperatures, the richness of warmth-preferring or
thermophilic species has been noticed to be higher in cities compared to the surrounding
non-urban areas (Singh et al. 2008; Schmidt et al. 2014). Another environmental factor
that is different between urban and rural areas is soil: urban soils are often drier and
sandier and contain high levels of nitrogen due to atmospheric pollutants (Pellissier et al.
2008; Schmidt et al. 2014). This may, in turn, affect the vegetation in cities by favoring
nitrophilous species, such as annual meadowgrass (P. annua) (Pellissier et al. 2008).
Schmidt et al. (2014) found that increasing nutrient concentration was related to a lower
proportion of native endangered plant species and a higher proportion of non-native plant

species in urban areas.

This study also showed differences in the flowering plant species communities between
the three cities (Turku, Helsinki, and Tampere). Variability in plant species composition
may be due to the various ages of the cities and varying coverage of intact vegetation
within the cities as well as due to different climates determined by the geographical
distribution (Aronson et al. 2014). In addition, the vegetation in cities varies depending
on what species have been introduced there with the help of humans, for example, through

shipping or railway traffic (Ranta 2014).

Urbanization may not always lead to lower plant species richness as there are studies
showing that urbanization may also increase plant species richness due to habitat
heterogeneity in cities and human-mediated introductions of species (Kiihn et al. 2004;
McKinney 2008). In addition, in this study, only three types of different habitats (traffic
islands, parking places, roadsides) were considered. However, in cities there are multiple
different habitats including ornamental plantings, wastelands, and parks that may

contribute to the diversity of plant species (Vega & Kiiffer 2021). Either the number or
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diversity of flowering plant species did not significantly differ between the two area types
(city center and outside of the city center) in this study, although it was hypothesized that
the diversity would be higher in areas outside the city centers. Dubois & Cheptou (2016)
observed that the flowering phenology of plant species is delayed in fragmented habitats
compared to unfragmented ones, which may contribute to the lower flowering plant
diversity in cities. Similarly, Theodorou et al. (2020a) found that flowering plant species
richness, as well as phylogenetic and functional diversity decreased with an increasing

habitat fragmentation in urban areas.

The coverage of all vascular plant species and flowering species increased with an
increasing distance to the road. In addition, the coverage of all plant species differed
significantly between the habitat types and was highest on roadsides. Habitat type also
had an almost significant effect on the coverage of flowering plant species, and it seemed
that the coverage of flowering species is highest in parking places instead of roadsides.
Previous studies have found that, for example, levels of metal pollution and dust caused
by traffic decrease with an increasing distance to the road (Phillips et al. 2021). There
may also be other factors that change with an increasing distance to the road such as soil
depth or nitrogen levels (Phillips et al. 2021) and these factors could contribute to the
lower vegetation coverage near the road. According to Werkenthin et al. (2014), heavy
metals emitted by vehicles cause long-lasting stress to vegetation on roadsides. Roadsides
could be less exposed to traffic pollution than traffic islands that are exposed to traffic
from both sides of the area and parking places that have lower traffic densities compared
to roads but high exhaust gas and heavy metal emissions due to car braking and
acceleration (Huber et al. 2016). For that reason, the emissions on roadsides depend also
on the proximity of traffic signals where the vehicles are stopping and using brakes
(Huber et al. 2016). However, in this study, traffic volume did not affect the coverage of
either all plant species or the coverage of flowering plant species. The traffic volume data
from the Finnish Transport Infrastructure Agency (the Finnish Transport Infrastructure
Agency 2022) is based only on the number of vehicles per day and does not consider for
example increased levels of pollution in traffic signals. In addition, the estimate of traffic
pollution in parking places is based on the traffic volume in the closest available street

and does not take into account emissions caused by car brakes.
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4.2. Diversity of flowering plant species across study locations

Shannon’s diversity index revealed that the diversity of flowering plant species was
highest in traffic islands and lowest on roadsides. This result differs from the hypothesis
which predicted that the diversity of flowering plant species would be lowest in traffic
islands. According to the theory of island biogeography, the number of species is higher
on larger and less isolated islands (MacArthur & Wilson 1967). The area size was not
considered in this study as the area of the study locations was not measured. However,
compared to parking places and roadsides, traffic islands are probably the most isolated
habitat types as they are not connected to other urban green areas and are often surrounded
by curbs that are made, for example, of concrete. Therefore, the theory of island
biogeography does not explain the highest diversity of flowering plant species in traffic

islands.

There are also other factors that could affect the high diversity of flowering plant species.
The age of a site or the time after a disturbance may have an important effect on plant
species diversity as there has been longer time for species colonization and establishment
in older communities (Kazemi et al. 2009). In addition, human activities, such as mowing,
weed control, and irrigation can affect plant species diversity in urban habitats (Perry et
al. 2020; Gao et al. 2021). According to the study by Perry et al. (2020), monthly mowing
may support early successional forbs including white clover (7. repens) and red clover
(T. pratense) as well as broadleaf plantain (Plantago major). In the present study, an
indicator species associated with traffic islands and parking places was knotgrass (P.
aviculare) which is a low-growing plant species and able to tolerate high disturbance and
mowing (Ranta 2014; Mockford et al. 2022). However, frequent mowing of urban lawns,
often conducted due to socially accepted aesthetic reasons, can lead to reduced plant
species diversity and floral abundance and diversity (Lerman et al. 2018; Watson et al.
2019). Based on observations during the fieldwork, the height of vegetation on traffic
islands was normally low which means that the vegetation is frequently cut in those areas.
Traffic islands could support a diverse group of early successional plants and species that
are tolerating frequent cutting. However, the height of vegetation or the frequency of

mowing was not measured during the fieldwork.

Another factor that could affect high flowering plant species diversity in a habitat is the
edge effect on isolated and fragmented habitats (Zhang et al. 2021). However, the smaller
the area of a habitat patch is the larger the edge effect is (Gao et al. 2021). Thus, in small

traffic islands, the differences in microenvironment between the edge zone and the
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interior zone may not be present. On the other hand, if the edge is defined as a transition
zone between two habitat patches (Gao et al. 2021), there may not be an edge effect in
traffic islands as there is often a clear boundary between road and traffic island unlike in
roadsides and parking places where the vegetation may gradually change towards the

edge of the road.

Although traffic islands are often fragmented in cities, even small habitats can promote
high species richness due to dynamic communities (Vega & Kiiffer 2021). The species
turnover may be high and the sample of species in small habitat patches can be a relatively
random sample of the plant species pool within the city (Vega & Kiiffer 2021). For that
reason, connectivity between urban green spaces is an important factor affecting species
richness (Omar et al. 2018; Vega & Kiiffer 2021) and, for example, traffic islands may
have a role as “stepping stones” for species colonization between urban green spaces

(Marzluff & Ewing 2001; Klaus & Kiehl 2021).

4.3. Pollinator abundance

This study did not show a difference in the number of insect pollinators between areas in
the city centers and outside of the city centers. This result is against the hypothesis that
predicted that the number of pollinators would be higher in areas outside of the city
centers. There are earlier studies showing a higher number of pollinators in rural areas
compared to urban areas (Bates et al. 2011; Birdshire et al. 2020), but urban areas may
also benefit some pollinators, such as bees, as cities may provide various nesting sites and
continuous availability of floral resources (Martins et al. 2017; Theodorou et al. 2020b).
In the study by Ahrné et al. (2009), the number of bumblebees was affected by the
availability of floral resources rather than by the urbanization gradient. Although the
diversity of currently flowering plant species was highest in traffic islands, pollinator
abundance showed a different pattern: the number of pollinators was highest on roadsides
and lowest in traffic islands. However, in the study by Zeng et al. (2023), the number as
well as the activity of pollinators was positively affected by the number and richness of
flowering nectar-rich plant species. Another environmental factor that may affect
pollinator abundance in cities is the availability of water (Zeng et al. 2023). The soil in
traffic islands that are constructed in the middle of roads is often shallow (Klaus & Kiehl

2021) which can make them dry habitats.
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One reason why the number of pollinators was lowest in traffic islands may also be
turbulence due to high traffic, as it has been shown that pollinator visitation rates decrease
in areas with high turbulence (Dargas et al. 2016; Phillips et al. 2021). Turbulence may
be higher in traffic islands compared to roadsides and parking places as they are narrow
areas between two roads. Turbulence affects up to 1 meter from the edge of the road
(Phillips et al. 2021). Thus, the effect of turbulence is expected to be high in traffic islands
that are narrower than 2 meters. However, turbulence has no effect after 5 meters from
the road (Phillips et al. 2021). Therefore, for example on roadsides, pollinators are able
to avoid turbulence if they are visiting flowers further than 1 meter from the edge of the
road. Another factor affecting the number of pollinators is metal pollution: according to
Phillips et al. (2021) some pollinators are avoiding flowers close to the edge of the road
where the level of metal pollution is highest. In addition, collisions with vehicles may

also decrease the number of pollinators close to the road edge (Phillips et al. 2021).

The number of insect pollinators increased with an increasing coverage of flowering plant
species. This result is in line with a previous study showing that the number of all
pollinators, bees, and hoverflies increased with an increasing coverage of insect-
pollinated plant species (Dylewski et al. 2019). These results may be due to the higher
availability of resources for insects, such as food, shelter, and nesting spaces (Banaszak-
Cibicka et al. 2016; Dylewski et al. 2019). Pollinator abundance in urban green areas is
affected especially by the number and richness of nectar-rich plant species (Zeng et al.
2023), so cutting urban small-scale ecosystems that are occupied by flowering plant
species may have negative bottom-up effects on pollinators. However, in some cases
mowing even nectar-rich vegetation may be reasonable, for example, cutting roadsides in
the spring could decrease the mortality of nest-seeking bumblebee queens (Déniel-
Ferreira et al. 2022). Flowering plant species that were both very attractive to pollinators
based on observation during the fieldwork and abundant in the small-scale habitats were
yarrow (A. millefolium), autumn hawkbit (L. autumnalis), creeping thistle (C. arvense),

white clover (7. repens), and common tansy (7. vulgare).

4.4. Candidate magnet plant species

Previous studies have found that plant species in the family Apiaceae are potential magnet
plant species (Zych et al. 2007; Skaldina 2020). In this study, the majority of the most

common flowering plant species belonged to the family Asteraceae (yarrow (4.
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millefolium), autumn hawkbit (L. autumnalis), common tansy (7. vulgare), scentless
mayweed (7. inodorum), creeping thistle (C. arvense), and pineapple weed (M,
discoidea)). This difference could be due to the higher number of plant species in the
family Asteraceae than in the family Apiaceae in Finland. In addition, the timing of the
fieldwork could have affected the low number of species in the family Apiaceae, as they
are, in general, flowering at the end of June in Finland (Salonen et al. 2009). Although
there were some plant species belonging to the family Apiaceae flowering during the
fieldwork, including invasive wild parsnip (P. sativa), burnet saxifrage (Pimpinella
saxifraga), and wild angelica (Angelica sylvestris), they occurred only in less than 10
quadrats. There were also plant species belonging to the family Apiaceae that were not
flowering at the end of July and at the beginning of August, such as ground elder
(degopodium podagraria) and cow parsley (Anthriscus sylvestris) that could be potential

magnet species earlier in the summer (Zych et al. 2007).

Earlier studies have shown that plant species in the family Asteraceae are also attracting
a diverse group of insect pollinators (Torres & Galetto 2002; Deeksha et al. 2023). There
is also evidence of plants in the family Asteraceae as magnet plants as Ghazoul (2006)
found that creeping thistle (C. arvense), belonging to the family Asteraceae and being one
of the most common flowering species in this study, facilitates the pollination of wild
radish (Raphanus raphanistrum) by increasing its pollinator visitation rate when
occurring together. Creeping thistle (C. arvense) is visited by a diverse group of
pollinators including bees, wasps, butterflies, hoverflies, and beetles (Ghazoul 2006;
Orford et al. 2016). This was also observed during the fieldwork as creeping thistle (C.
arvense) was visited by honeybees, bumblebees, and wasps. Previous studies have
reported that creeping thistle (C. arvense) has high pollinator visitation rates and it is an
important floral resource for insect pollinators (Orford et al. 2016; Aviron et al. 2023). Its
attractiveness to pollinators could be explained by its large flowers and high nectar
content per floral unit (Hicks et al. 2016; Orford et al. 2016). Creeping thistle (C. arvense)
has been characterized as drought-tolerant species and has also been earlier observed to
occupy urban ecosystems such as roadsides (Twerd et al. 2021). However, although
creeping thistle (C. arvense) is native to Europe, it is an invasive species in North America
and is considered a troublesome weed because it produces lots of seeds and can reproduce
vegetatively via root buds (Tiley 2010; Ranta 2014). In addition, it may outcompete
especially neighboring low-growing plant species (Tiley 2010). For that reason, creeping

thistle (C. arvense) may not be a suitable magnet species to be planted in urban meadows,
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but it could have value as a nectar-rich plant species for example on roadsides where it is

already growing.

Yarrow (A. millefolium) and autumn hawkbit (L. autumnalis) were the most common
flowering plant species in this study. It has been earlier observed that yarrow (4.
millefolium) is attracting insect pollinators (Debnam et al. 2021). In addition, it was
observed during the fieldwork that yarrow (4. millefolium) was visited by bumblebees,
honeybees, flies, and butterflies. In the study by Debnam et al. (2021), the pollinator
visitation rate and seed production of blue flax (Linum lewisii) increased when it was
growing in the same plot with yarrow (4. millefolium). However, their results did not
indicate an obvious magnet effect as neither of the plant species attracted a significantly
higher number of pollinators (Debnam et al. 2021). In this case, the higher diversity of
flowers in plots where the plant species were growing together may have increased the
number of pollinators (Debnam et al. 2021). Yarrow (4. millefolium) as a wild native
plant species could be one alternative to lawns in small-scale ecosystems in cities. Pornaro
et al. (2023) studied alternatives to lawns and found that plots with yarrow (4.
millefolium) were both aesthetic and sustainable with good weed control and low growth
rates which keeps the vegetation height low. In addition, yarrow (A. millefolium) is
efficiently assimilating carbon dioxide (CO:) and other gaseous pollutants that include,
for example, nitrogen oxides (NOx) and ground-level ozone (Os) as well as particulate
matter (PM) (Weber et al. 2014; Baraldi et al. 2019; Przybysz et al. 2021). Although the
potential magnet effect of yarrow (4. millefolium) needs to be further studied, it is
attracting pollinators and possesses characteristics that make it a good suggestion of

pollinator-friendly plant species which can adapt to urban environments.

There are earlier observations of autumn hawkbit (L. autumnalis) attracting at least
hoverflies, bumblebees, solitary bees, and butterflies (Carvell et al. 2006; Larkin &
Stanley 2023). Based on observations during the fieldwork, autumn hawkbit (L.
autumnalis) was visited at least by bumblebees and solitary bees. In the study by Larkin
& Stanley (2023), autumn hawkbit (L. autumnalis) was identified as a “key flowering
plant species” for butterflies, and plants belonging to the family Leontodon were
suggested as important resources for hoverflies. However, there is a need for further
research on the possible magnet effect of autumn hawkbit (L. autumnalis). It was
observed during the fieldwork that autumn hawkbit (L. autumnalis) is flowering after the
flowering period of dandelions (7Taraxacum sp.) which also have yellow flowers. Yellow

flowers are often attracting especially bees and flies (Willmer 2011), and dandelions
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(Taraxacum sp.) are attracting a wide group of insects including hoverflies and honeybees
(Larson et al. 2014). Thus, autumn hawkbit (L. autumnalis) could be an important
resource at the end of the summer for insects that are foraging on dandelions (7araxacum
sp.) earlier in the summer. Bell et al. (2011) found that autumn hawkbit (L. autumnalis)
is able to tolerate urban traffic pollution, including nitrogen oxide (NO) and nitrogen
dioxide (NOz). In simulated conditions of urban climate, autumn hawkbit (L. autumnalis)
exhibited stimulated growth of above-ground biomass compared to control conditions
which may be related to changes in the stomatal conductance due to exposure to traffic
pollution (Bell et al. 2011). However, stimulated traffic pollution led to a higher
proportion of dead leaves related to plants in control conditions, which may refer to a
compensatory mechanism, such as root allocation, that helps autumn hawkbit (L.
autumnalis) to adapt to traffic pollution (Honour et al. 2009; Bell et al. 2011). Autumn
hawkbit (L. autumnalis), as well as yarrow (A. millefolium), could have aesthetic value if
they were sowed or planted in urban small-scale ecosystems as according to the

observations by Palliwoda et al. (2017) they are utilized in flower bouquets by citizens.

Both white clover (7. repens) and alsike clover (7. hybridum) were common flowering
plant species in this study. Plants in the genus Trifolium are attracting especially
bumblebees and honeybees but also for example wild bees (Hennig & Ghazoul 2011;
Hegland 2014; Kuppler et al. 2023). Based on the observations during the fieldwork,
white clover (7. repens), red clover (7. pratense), and zigzag clover (7. medium) were
very attractive to insects although the last two were less common. White clover (7.
repens) has earlier been classified as a “high-quality nectar plant” that improves the
diversity of pollinators (Zeng et al. 2023). It was observed during the fieldwork, that it
attracts especially bumblebees and honeybees. Bell et al. (2011) found higher growth of
white clover (7. repens) closer to the edge of the road probably due to nitrogen inputs
caused by traffic. Trifolium species may not be as efficient in particulate matter (PM)
assimilation compared to, for example, yarrow (4. millefolium), as Weber et al. (2014)
found that white clover (7. repens) with smooth leaves captured a relatively small amount
of PM. Similar results have been found also for red clover (7. pratense) (Przybysz 2021).
There is an earlier study suggesting a magnet effect of white clover (7. repens) and red
clover (7. pratense) as they increased pollinator visitation rates of other bumblebee-
visited species (Hegland et al. 2009). In addition, in the study by Hegland & Totland

(2012), the removal of red clover (7. pratense) reduced the seed production of harebell
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(Campanula rotundifolia) and lowered the seed weight (“quality” factor of reproductive

success) of brown knapweed (C. jacea).

It has been earlier observed that common tansy (7. vulgare) is attracting a wide range of
different insect pollinators, including bees, beetles, and flies (Praz et al. 2008; Dupont et
al. 2018). It was also observed during the fieldwork that common tansy (7. vulgare) was
very attractive to insect pollinators and was visited by bumblebees, honeybees, and flies.
According to Eilers et al. 2021, the flowers of common tansy (7. vulgare) may be neither
very attractive nor rewarding to pollinators due to low protein content and low protein-
to-lipid ratio in the pollen. However, a high amount of pollen per individual plant as well
as a long flowering period of common tansy (7. vulgare) may increase the attraction of
pollinators (Eilers et al. 2021). Common tansy (7. vulgare) has been characterized as
ruderal species, in other words, a disturbance-tolerant species, and observed to occupy
road verges (Skorka 2016). However, it has also been characterized as drought-sensitive
and less efficient in PM accumulation compared to, for example, yarrow (4. millefolium)
and brown knapweed (C. jacea) (Przybysz et al. 2021). Thus, common tansy (7. vulgare)
could be an important magnet plant species for example on roadsides, although its

potential magnet effect needs further research.

Both scentless mayweed (7. inodorum) and pineapple weed (M. discoidea), that were
common flowering plant species in this study, are often visited by hoverflies (Blackmore
& Goulson 2014; Kleijn & van Langevelde 2006) but they seem not to be attractive to a
diverse group of insect pollinators. It was observed during the fieldwork that at least
solitary bees are visiting scentless mayweed (7. inodorum). Knotgrass (P. aviculare),
which was an abundant flowering species in this study, has very small flowers (around
0.3 cm in diameter) (Ricou et al. 2014). However, it still has some pollination value to
bees, bumblebees, and hoverflies based on visual attraction of the flowers, accessibility
of the flowers, and floral rewards although it is lower than the pollination value of for
example yarrow (4. millefolium) or cornflower (Centaurea cyanus) which is related to

brown knapweed (C. jacea) (Ricou et al. 2014).

Based on this and earlier studies and observations during the fieldwork, potential
candidate magnet plant species that are abundant in Finnish cities, are able to tolerate the
harsh urban environmental conditions, and could raise the biodiversity in Finnish cities
are yarrow (4. millefolium), autumn hawkbit (L. autumnalis), common tansy (7. vulgare),
creeping thistle (C. arvense), and plant species in the genus Trifolium, especially white

clover (T. repens), that was widespread in Finnish cities. However, as the fieldwork was
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performed in July-August, these species represent candidate magnet plant species during
the end of the summer in Finland. Selecting candidate magnet plant species for the early

and mid-summer requires fieldwork and observations throughout the whole summer.

In this study, all currently flowering plant species that were abundant in Finnish cities
were considered potential magnet plant species. Their attractiveness to pollinators was
determined by observing which plant species were the most visited by insect pollinators.
According to Thomson (1978), magnet plant species are both highly attractive to
pollinators and also increase pollinator visitation rates of nearby less attractive plant
species. Studying the possible magnet effect of the selected candidate magnet species
would require follow-up research. Such research could be done, for example, by removing
the flowers of the potential magnet species and surveying how that affects the pollinator
visitation of co-occurring plant species or by evaluating the seed output of less attractive
plant species in the presence of a magnet species (Molina-Montenegro et al 2008; Etter

et al. 2022).

The plant species that were very attractive to insect pollinators were determined based on
observations of flower visitations. However, it should be acknowledged that all flower
visitors are not necessarily pollinating the flowers (Ballantyne et al. 2015; Theodorou et
al. 2017). Some insects visiting flowers do not carry the pollen to other flowers of the
same plant species but are “cheaters” still feeding on pollen or nectar or are ineffective
pollinators if they are, for example, carrying heterospecific pollen (Willmer 2011;
Ballantyne et al. 2015). To further explore the association between flower visitation and
effective pollination, observations on, for example, pollen deposition could be used

(Ballantyne et al. 2015).

4.5. Urban meadows

One cause of the declining insect pollinator populations is human-caused land-use
changes and urbanization that have led to a loss of flowering plant species and created
nutritional challenges for pollinators (Vanbergen & the Insect Pollinators Initiative 2013).
Urban meadows with native flowering plant species could be an alternative to traditional
lawns in urban small-scale ecosystems such as traffic islands, parking places, and
roadsides. These urban meadows could be created by planting wild native plant species
or by reducing the mowing frequency of green spaces that are not intensively used by

citizens, such as roadsides (Chollet et al. 2018; Battle et al. 2021). According to Aguilera
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et al. (2018), the number of butterfly species was the lowest in intensively managed parks
compared to grasslands with low management or ruderal areas without management.
Larson et al. (2014) collected a diverse set of different insect pollinators including
bumblebees, honeybees, hoverflies, wasps, and butterflies from lawns occupied by
dandelions (Taraxacum sp.) and white clover (7. repens). Such plant species that are often
seen as weeds may provide “pollinator-friendly” lawns that could promote the

conservation of pollinators in urban areas (Larson et al. 2014).

Magnet plant species may play an important role in urban meadows or “pollinator
habitats”. In the study by Battle et al. (2021), nectar-rich magnet plant species increased
both the diversity and abundance of pollinators in small patches (2.5 meters in diameter).
The candidate magnet plant species identified in this study could be used for urban
meadows in Finnish cities. The plant species composition in urban meadows is important
as besides continuous nectar and pollen availability that provide nutrition for different
pollinator groups with different preferences, they should provide nesting sites, shelter,
and host plants for larvae as well as provide ornamental value in cities (Aguilera et al.

2018; Lindemann-Matthies & Brieger 2016; Dylewski et al. 2020).

4.6. Conclusion

This study indicates that the current diversity of flowering plant species in Finnish cities
does not significantly differ from that in areas outside of the city centers in terms of three
small-scale urban ecosystems (traffic islands, parking places, and roadsides) although the
number of all plant species was higher in areas outside of the city centers as excepted.
Based on this study, traffic pollution does not seem to affect either the number, coverage,
or diversity of flowering plant species in urban areas. However, there are differences in
flowering plant species composition between areas and the composition seems to be more
homogeneous in cities compared to areas outside of the city centers. These results suggest
that urban plant species communities contain species that are able to tolerate traffic
pollution. In addition, urban areas seem to be occupied by plant species that are common
in all urban areas while small-scale habitats outside of the city centers are generally

occupied by more variable composition of flowering plant species.

The research objective was to select candidate magnet plant species that could promote

pollinator conservation and increase biodiversity in cities. These candidate magnet plant

species were chosen based on earlier studies on the potential magnet effect of the species
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and their tolerance to urban environmental pressures as well as based on the results and
observations of this study. The chosen candidate magnet plant species are yarrow (4.
millefolium), autumn hawkbit (L. autumnalis), white clover (7. repens), common tansy
(T. vulgare), and creeping thistle (C. arvense). These species are both abundant in Finnish
cities and highly attractive to insect pollinators, but the potential magnet effect of these
species in urban habitats needs further research. The chosen candidate magnet plant
species could be planted in urban meadows, or mowing in areas where they are already

growing could be reduced, to create pollinator-friendly habitats in Finnish cities.
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Appendices

Table A1 A list of plant species identified during the fieldwork in alphabetical order. In unclear
cases, only the genus of a plant species was identified. Species that were flowering during the

fieldwork are marked with an asterisk (*).

Scientific name

Acer platanoides
Achillea millefolium*
Achillea ptarmica*
Aegopodium podagraria*
Alchemilla sp.

Angelica sylvestris*
Anthemis tinctoria*®
Anthriscus sylvestris
Arabidopsis arenosa™
Arctium sp.

Arctium tomentosum*
Artemisia vulgaris*
Atriplex patula

Barbarea vulgaris
Betula pendula

Betula pubescens

Bidens tripartita

Calluna vulgaris
Calystegia sepium
Campanula glomerata
Campanula patula*
Campanula persicifolia
Campanula rapunculoides*
Campanula rotundifolia*®
Capsella bursa-pastoris*
Carduus crispus ™
Carduus sp.

Carex nigra

Carex ovalis

Centaurea cyanus*
Centaurea jacea™
Cerastium fontanum*
Chamaenerion angustifolium*
Chelidonium majus
Chenopodium album*
Chenopodium sp. *
Cirsium arvense*
Cirsium heterophyllum*
Cirsium sp.

Cirsium vulgare
Convallaria majalis

Common name
Norway maple
Yarrow
Sneezewort
Ground elder
Lady's mantles
Wild angelica
Yellow chamomile
Cow parsley

Sand rock-cress
Burdocks

Woolly burdock
Mugwort

Common orache
Wintercress

Silver birch
Downy birch

Trifid bur-marigold
Heather

Hedge bindweed
Clustered bellflower
Spreading bellflower

Peach-leaved bellflower

Creeping bellflower
Harebell

Shepherd's purse
Welted thistle
Thistles

Black sedge

Oval sedge
Cornflower

Brown knapweed
Common mouse-ear
Rosebay willowherb
Greater celandine
White goosefoot
Goosefoot

Creeping thistle
Melancholy thistle
Thistles

Spear thistle

Lily of the valley
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Convolvulus arvensis™
Crataegus sp.
Epilobium hirsutum*
Epilobium sp. *
Equisetum arvense
Equisetum sylvaticum
Erigeron acris*
Erigeron canadensis*
Erodium cicutarium*
Ervilia hirsuta*
Erysimum cheiranthoides*
Euphorbia helioscopia
Euphrasia sp.*
Fagopyrum esculentum*
Fallopia convolvulus
Filipendula sp.*
Filipendula ulmaria™
Fragaria vesca
Fumaria officinalis*
Galeopsis bifida™
Galeopsis speciosa™
Galium album*

Galium boreale

Galium sp.

Galium verum*
Geranium sp. *

Geum sp.

Geum urbanum*
Glechoma hederacea
Gnaphalium sylvaticum*
Gnaphalium uliginosum
Heracleum sphondylium
Hieracium sp. *
Hieracium umbellatum*
Hypericum maculatum*
Impatiens glandulifera
Impatiens parviflora*
Lamium album

Lamium purpureum*
Lamium sp.

Lapsana communis
Lathyrus pratensis
Leontodon autumnalis*
Lepidium ruderale
Leucanthemum vulgare*
Linaria vulgaris*
Linum usitatissimum*
Lipandra polysperma

Field bindweed
Hawthorns

Hairy willowherb
Willowherbs
Common horsetail
Wood horsetail
Blue fleabane
Canadian fleabane
Common storksbill
Hairy tare

Treacle mustard
Sun spurge
Eyebrights
Buckwheat

Black bindweed

Dropworts and meadowsweets

Meadowsweet

Wild strawberry
Common fumitory
Bifid hemp-nettle
Large-flowered hemp-nettle
Hedge bedstraw
Northern bedstraw
Bedstraws

Lady's bedstraw
Cranesbills

Avens

Wood avens

Ground ivy

Heath cudweed

Marsh cudweed
Common hogweed
Hawkweeds
Narrow-leaf hawkweed
Imperforate St John's-wort
Himalayan balsam
Small balsam

White dead-nettle

Red dead-nettle
Dead-nettles

Common nipplewort
Meadow vetchling
Autumn hawkbit
Narrow-leaved pepperwort
Oxeye daisy

Common toadflax
Common flax
Many-seeded goosefoot
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Lotus corniculatus*
Lupinus polyphyllus
Lysimachia vulgaris*

Matricaria chamomilla*

Matricaria discoidea™
Medicago lupulina*

Melampyrum nemorosum*

Melilotus albus*
Myosotis arvensis*
Myosotis sp.

Oxybasis glauca™
Papaver sp.

Pastinaca sativa*®
Persicaria amphibia
Persicaria lapathifolia
Phacelia tanacetifolia*
Phleum pratense
Picris hieracioides*
Pilosella officinarum
Pilosella sp.*
Pimpinella saxifraga™
Pinus sylvestris
Plantago major*
Poaceae

Polygonatum odoratum
Polygonum aviculare*
Populus tremula
Potentilla anserina™
Potentilla argentea™
Potentilla erecta
Potentilla norvegica*
Potentilla sp. *
Prunella vulgaris*
Quercus robur
Ranunculus acris*
Ranunculus repens
Ranunculus sp.

Raphanus raphanistrum™

Rorippa sylvestris*
Rosa sp.

Rubus idaeus
Rumex acetosa
Rumex acetosella
Rumex longifolius*
Rumex sp.

Sagina procumbens
Salix sp.

Scirpus sylvaticus

Bird's-foot trefoil
Garden lupin

Yellow loosestrife
Scented mayweed
Pineapple mayweed
Black medic

Wood cow-wheat
White melilot

Field forget-me-not
Forget-me-nots
Oak-leaved goosefoot
Poppies

Wild parsnip
Amphibious bistort
Pale smartweed

Lacy phacelia
Timothy

Hawkweed oxtongue
Mouse-ear hawkweed
Mouse-ear hawkweeds
Burnet saxifrage
Scots pine

Broadleaf plantain
Grasses

Angular Solomon's seal
Knotgrass

Aspen

Silverweed

Silver cinquefoil
Tormentil

Norvegian cinquefoil
Cinquefoils

Self-heal

English oak

Meadow buttercup
Creeping buttercup
Buttercups

Wild radish

Creeping yellowcress
Roses

Rasberry

Common sorrel
Sheep's sorrel
Northern dock

Docks and sorrels
Procumbent pearlwort
Willows

Wood clubrush
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Scrophularia nodosa*
Sedum telephium
Senecio viscosus*
Senecio vulgaris
Sinapis alba*
Solanum dulcamara
Solanum nigrum*
Solidago canadensis*
Solidago virgaurea™
Sonchus arvensis*
Sonchus oleraceus*
Sorbus aucuparia
Spergula arvensis*
Spergularia rubra*
Stachys palustris*
Stellaria graminea*
Stellaria media
Syringa sp.
Tanacetum vulgare*
Taraxacum sp.*
Thlaspi arvense™
Tragopogon pratensis
Trifolium hybridum*
Trifolium medium*
Trifolium pratense*
Trifolium repens*

Tripleurospermum inodorum*

Tussilago farfara
Ulmus sp.

Urtica dioica™
Vaccinium vitis-idaea
Veronica chamaedrys*
Veronica serpyllifolia
Vicia cracca*

Vicia sepium

Vicia sp.*

Viola arvensis*

Viola sp.

Viscaria vulgaris

Figwort

Orpine

Sticky groundsel
Common groundsel
White mustard
Bittersweet
Blackberry nightshade
Canadian goldenrod
Goldenrod

Field milk-thistle
Smooth sow-thistle
Rowan

Corn spurrey

Red sand-spurrey
Marsh woundwort
Lesser stitchwort
Chickweed

Lilacs

Common tansy
Dandelions

Field pennycress
Goat's-beard
Alsike clover
Zigzag clover

Red clover

White clover
Scentless mayweed
Coltsfoot

Elms

Stinging nettle
Cowberry
Germander speedwell

Thyme-leaved speedwell

Tufted vetch
Bush vetch
Vetches

Field pansy
Violets

Sticky catchfly
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Figure A1 Photo examples of insect pollinators visiting flowering plant species: (a) buff-tailed
bumblebee (Bombus terrestris) on yarrow (Achillea millefolium), (b) European honeybee (Apis
mellifera) on autumn hawkbit (Leontodon autumnalis), (¢) red-tailed bumblebee (Bombus
lapidarius) on creeping thistle (Cirsium arvense), (d) red-tailed bumblebee (B. lapidarius) on
brown knapweed (Centaurea jacea), (¢) European honeybee (A. mellifera) on white clover
(Trifolium repens), and (f) red-tailed bumblebee (B. lapidarius) on common tansy (7anacetum
vulgare).
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