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Abstract

Pollinator populations across the globe are rapidly declining. One reason for this is habitat loss. To
mitigate this effect, road verges could serve as new habitats, similar to the species-rich semi-natural
grasslands that are among the most rapidly declining habitats. | examined road verges of streets with
three different traffic densities for the number and diversity of butterflies and bees, and mortality
from direct collisions with cars. The results showed a negative effect of traffic on the number of
pollinator species and individuals in road verges, and a lower mortality rate per car the higher the
traffic density was. These results were independent of the number of flowers in road verges. Either
road verges along busy roads act as an ecological trap, attracting pollinators to these habitats even
though the risk of mortality is higher than reproductive success, or they actively avoid these habitats.
In either case, traffic appears to be an important factor determining the number and diversity of
pollinators in road verges.
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Introduction

Science agrees that humans depend on healthy ecosystems which provide life-
sustaining functions such as nutrient cycling, maintaining biodiversity, waste
assimilation or climate regulation (Chee 2004). These functions that benefit humans
are called “ecosystem services” (Daily 1997; Norberg 1999). The underlying
ecological processes are often very complex and therefore susceptible to change.
To prevent serious consequences, it is therefore necessary to investigate these
processes with the help of studies.

1.1 Pollination

One example of a key ecosystem service that humans rely on is pollination (Klein
et al. 2007). The reproductive success of almost 90 % of
the world's terrestrial flowering plant species relies, at
least in part, on animals that distribute their pollen
between individuals (Kearns et al. 1998; IPBES 2016).
This process is referred to as pollination and the animals
associated with it are called pollinators. The primary
pollinating animal group are insects (Watanabe 1994) out
of which bees are considered the most important. There
has also been increasing evidence for the importance of Figure 1. The western
other pollinators in recent years. Non-bee pollinators honey bee (Apis mellifera)
e g . .. . collecting nectar and
significantly contribute to global crop pollination, visiting  o11en. The pollen is seen
around 39% of flowering crop species (Rader et al. 2016). on her hint leg.
Other pollinating invertebrate species include beetles,
butterflies and hoverflies, but also vertebrate species like birds, bats, and some
lizards (IPBES 2016).

Many plant and pollinator species are co-dependent on each other (Biesmeijer et
al. 2006). Nectar and pollen from flowers nourishes pollinators and their ability to
move through their environment ensures pollen dispersal for reproduction and
genetic variability. If one would cease to exist, many other organisms would also
become extinct.

Apart from preserving biodiversity, there is also a substantial economic value to
pollination. It is estimated that five to eight per cent of current global crop




production is attributable to animal pollination, which has an annual market value
of $235 billion - $577 billion Dollars (IPBES 2016). Many livelihoods in rural
environments or low-income countries depend on beekeeping for its monetary
value, as it can generate products like beeswax or honey with relatively little capital
investment (Bradbear 2009).

1.2 Pollinator decline

In recent decades, the biomass of insects has steadily declined not only regionally,
but also worldwide (Hallmann et al. 2017; Forister et al. 2019). This includes
important pollinator species like wild bee populations, with numerous studies
showing a rapid decline in Europe (Banaszak 1995; Kosior et al. 2007). The reasons
for this are complex and often depend on several interlinked factors. Recent studies
also show that the causes of insect declines are very individually dependent on the
environment, and in most studies it is probably not so much one factor but several
that add up (Hallmann et al. 2017; Wagner et al. 2021).

Land-use change, agricultural intensification, and climate change are among the
most important drivers of the decline in insect biomass (Forister et al. 2019; Dicks
et al. 2021; Wagner et al. 2021). Land-use changes can result in the degradation
and fragmentation of vital habitats or their conversion to forests, farmland or urban
landscapes, making resources for food and nesting increasingly scarce (Klein et al.
2007). Especially semi-natural grasslands, a highly diverse and species-rich habitat,
rapidly decreased over the last decades in Europe (Ockinger & Smith 2006). These
grasslands are being defined as usually either intensively mowed or grazed by
livestock without external fertilization and can host a large number of flowering
plants. Agricultural intensification is also driving the loss of pollinating insects.
More monocultures and extensive usage of pesticides and fertilizers lead to a
deterioration in habitat quality (Potts et al. 2016; Raven & Wagner 2021). The
changes in precipitation and temperature as well as the associated extreme weather
events make climate change another important driver of the insect decline (Ewald
et al. 2015; Raven & Wagner 2021). In a lot of tropical habitats, insects are facing
increased periods of drought that they have not adapted to (Wagner 2020). Higher
fluctuations in temperatures have been shown to drive insects away from their
habitats (Colwell et al. 2008).

Furthermore, introduced non-native species are often competing for resources
and nesting opportunities or a direct threat to the native wildlife. One example is
the parasitic varroa mite (Varroa destructor) which lives on fat reserves of bees and
can weaken as well as kill a hive. Originally from Asia it became a global threat
when it was introduced in other countries. Even though it is mainly a threat to
domestic honey bees (Fig. 1), it can also influence viral prevalence in wild bee
populations (Piot et al. 2022).



A decline in insect pollinators can also have an effect on wild plants that are
dependent on them for sexual reproduction, that is producing seeds and fruits
(Ashman et al. 2004). There is already evidence for parallel declines in insect and
plant populations in western Europe (Biesmeijer et al. 2006). This could further
limit food resources creating a negative feedback loop which could result in
devastating effects on both plant and insect populations.

1.3 A possible mitigation: road verges

Land-use change, one of the main causes of the recent insect decline, is unlikely to
stagnate in the future. When looking at global infrastructure projections alone it
becomes apparent that the problem of habitat degradation is only getting bigger. It
Is predicted that the total length of paved roads is going to increase by 25 million
kilometres until 2050 (Laurance et al. 2014), which is more than 155 times the
distance from earth to the moon. While this is likely to cause destruction, it will
also create new habitats that border these roads (‘road verges’).

Road verges are linear strips of land along roads that are mowed regularly to
keep the road clear and can therefore resemble traditionally managed semi-natural
grasslands (Gardiner et al. 2018). Similar to semi-natural grasslands they also host
various plant and animal species (Gardiner et al. 2018). They could also act as
migration corridors and mitigate the barrier effect that roads can have, especially
for animals that are flightless or small (Mufioz et al. 2014). Well managed road
verges could enable species to spread throughout the landscape and establish in new
habitats.

It is not yet known which factors influence the abundance and diversity of
animals most within road verges. Flower abundance and diversity is likely to play
a key role, as they attract pollinating insects with their pollen and nectar. In a study
researching the combined effects of traffic intensity and flower diversity in road
verges on bumblebee queens (Daniel-Ferreira et al. 2022), their mortality through
collisions with cars tended to be lower on roads with a high flowering plant
diversity in road verges compared to roads with low flowering plant diversity. A
high flowering plant diversity could therefore decrease bumblebee mortality
through collisions. However, an attractive flower-rich road verge could also act as
an ecological trap, as they could attract insects from the surrounding landscapes but
increase the mortality rate through collisions with traffic (Battin et al. 2004; Déaniel-
Ferreira et al. 2022), possibly causing a net negative impact on populations. Road
verges are also exposed to various forms of pollution from roads and traffic, such
as noise, turbulence, dust and metals, which may affect pollinator activity and
survival (IPBES 2016; Phillips et al. 2020). Therefore, it is important to understand
the factors involved in promoting animal biodiversity and abundance in these strips



of land and the effect of different traffic intensities and surrounding landscapes.
Tailoring management of road verges could offer an opportunity to conserve and
enhance pollinator biodiversity, especially in degraded or intensely managed
homogenous landscapes.

1.4 Aim of the study

To decipher the effects of roads on pollinators and tie into existing studies, | studied
roads with different traffic intensities for insect mortality through collisions with
cars and pollinator diversity and abundance in road verges. | expected lower
pollinator abundance or diversity in road verges with high traffic intensity caused
by negative impacts of traffic, and lower mortality from collisions on roads with
high traffic volume due to the lower baseline numbers of insects on these roads. |
also used floral cover data from road verges to test for an effect. | hypothesized that
flower cover would correlate with the abundance and diversity of pollinators and
insects.
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Material & Methods

2.1 Study species

Pollinators included in this study , ,
were  solitary  bee  species A\ N\
(Anthophila), the western honey
bee (Apis mellifera), and butterflies | = | e o
(Rhopalocera), as they are among i
the most important group of & V% 5
pollinating animals (IPBES 2016). |« g »
Arguments for the inclusion and e &g | >
exclusion of pollinators were AN e A2
difficulty of identification both in :
the field and from photos, and their B g 0kme
relevance as flying insects and Figure 2. Map of the 16 study sites. The individual
pollinators. Bumblebee  species sites are marked as re(_j dof[s. On the top right is a
. . reference map of Scandinavia.
were not included in the study
because a parallel study by Sofia Blomqvist (Lund University), using the same sites,
already focused on bumblebees. As butterflies and bees go through several changes
in their life cycle, each species has different requirements in these phases, which
allows conclusions to be drawn about the quality and heterogeneity of habitats. In
their first stage of life, many butterflies are specialists and rely on specific plants as
a food source, while as adults they are generalists and feed on the nectar of different
types of flowers (Altermatt & Pearse 2011). Bees collect both pollen and nectar and
are often specialized on certain flowering plant species (Westrich 1989).
Combining both in a study gives insight about plant species composition.

2.2 Study sites

All landscapes are located in Skane, southern Sweden (Fig. 2). Each landscape
consisted of three different road sections within a 2 km radius: high traffic density,
low traffic density and a control road which was usually a gravel road with no

11



constant traffic. This design was chosen to eliminate effects of surrounding
landscapes, as the different road segments now had similar surrounding landscapes.
Data on the average number of vehicles per day was obtained from the Swedish
traffic agency (Trafikverket). The classification of high and low traffic densities
was seen as relative to each other and not classified with a fixed number of cars per
day. Therefore, there was quite a wide range in the number of cars: low density
roads had 60 to 2000 cars and high density roads had 260 to 50,000 cars per day.
All roads were adjacent to fields, except for some of the control sections where
some were surrounded by more heterogenous landscapes.

2.3 Data collection

2.3.1 Insects

Fieldwork was conducted three times; in late spring (18.05. — 21.05.), early summer
(12.06. — 15.06.), and mid-summer (17.07. — 20.07.) of 2023. The first data
collection in May was mostly sunny with temperatures ranging from 12°C to 25°C
and strong gusts of wind. During the second data collection, temperatures ranged
from 15°C to 27°C with sunny conditions. During the third data collection, the
weather was more mixed with temperatures ranging from 11°C to 22°C as well as
partly cloudy conditions.

The order of sites was randomized JRS B NS NEELAS AR
in the three fieldwork periods to get i .
data from the locations during
different times of day to control for
differences in pollinator activity.
Data collection took place between
9:30 am and 5 pm.

To obtain data on insect Figure 3. Sticky traps mounted on a car. The sticky
mortality, two sticky insect traps traps (yellow) are mounted to a hard cardboard plate

were mounte o the frontof  car (04T TR e ecrdurdis e
(Fig. 3). There were two parts to a

trap: the first was a mounting plate made out of hard cardboard which is fixed to
the car with wire, and the second was the sticky trap sheet which can be taken on
and off the mounting plate with metal clips. One individual sticky trap sheet had a
size of 10 x 25 cm which results in a total trap area of 500 cm?2. The car was then
driven a total distance of 2.5 km, split up into two 1.25 km sections. Because some
roads sections were too short, especially some of the control roads, the total distance
was not driven in two 1.25 km sections, but in more and smaller sections to still
cover the same distance. The aim was to drive with a consistent speed of 60 km/h.
On some of the gravel roads it was not possible to drive with that speed for safety
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reasons. Afterwards, photos were taken of both traps and the sheets were removed.
Each insect on the sticky traps was counted later. Using all insects to get reliable
data on mortality was necessary, as there were hardly any butterflies or bees stuck
to the sticky traps in test drives.

To determine the number of bees and butterflies in the road verges, a 200 m
transect was walked down the middle of the road verges. The width of the transect
corresponded to the width of the road verge. Species were photographed when
possible to help with identification of unknown species, and the number of
individuals was noted. A net was used to catch unknown pollinators or ones that
were hard to identify. The weather, temperature and time was also noted.

2.3.2 Flowers

Data on flower coverage in the road verges was collected from 26" of June to 7" of
July by the research team of Sofia Blomqvist (Lund University). For each road
verge, four transects with a length of 250 meters were established (1000 meters in
total); two on each side of the road and each in the middle of the road verge. The
different flower species and both the size and number of flowers were noted. To
calculate the flower coverage, the number of flowers in all four transects was
multiplied with their size. It was also noted if a road verge was freshly mowed.

2.4 Statistical analyses

All statistical analyses were done with RStudio (Version 2023.06.1). Data from the
individual sample rounds was summed for each site. To test if traffic density had
an effect on the number of bee and butterfly species and individuals | used an
analysis of variance (ANOVA). To test if the different landscapes in combination
with traffic density had an effect on number of species and individuals, | used a
two-way ANOVA. To assess the significance of pairwise contrast I used Tukey’s
adjustment for multiple comparisons (Tukey test). To test for a combined effect of
flower coverage and traffic density on pollinator species and individuals, | used a
linear regression model (Ime4 package). | also tested for an effect of landscape on
flowering plant species with a two-way ANOVA. For testing the effect of traffic
density and landscape on insect mortality, | also used a two-way ANOVA. To get
the number of insects killed by collisions with cars per day, | multiplied the number
of insects killed with one car with the average number of cars per day on each road.
For the control roads, | assumed one car per day. To visualize the data, | used the
ggplot2 package.
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Results

3.1 General findings

A total of 182 butterflies from 19 different species and 121 bees from 12
different species were found (Fig. 4). The most frequently observed butterfly
species were the small tortoiseshell (Aglais urticae), meadow brown (Maniola
jurtina), large skipper (Ochlodes sylvanus), and the cabbage white butterfly (Pieris

brassicae).

Aglais 10

Aglais urticae
Aricia agestis
Cynthia cardui-
Erynnis tages
Favonius quercus
Gonepteryx rhamni-|
Issoria lathonia
Lycaena phlaeas
Maniola jurtina -
Ochlodes sylvanus
Pieris brassicae
Pleris napi
Plebejus argus
Polyommatus amandus
Pyrgus malvae
Thymelicus lineola
Vanessa atalanta

Butterfly species
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Figure 4. Sightings of butterfly and bee species in May, June, and July in alphabetical order. The
length of the bars correspond to how many individuals were seen.

The number of butterfly individuals varied strongly between the three summer
months. During the first sampling round in May | found the least butterfly
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individuals, much less than compared to the two other sampling rounds. In June and
July the number of butterfly individuals was similar. In total | found five butterfly
species during May, eleven in June and twelve in July. The most frequently
observed bee species was the western honey bee (Apis mellifera) with more evenly
distributed sightings between May and July. In total | found twelve bee species
during May, eight in June and five in July.

3.2 Pollinators within road verges

The total number of insect individuals (ANOVA, df = 2, F = 14.15, p < 0.0001) and
the number of species (ANOVA, df = 2, F = 12.47, p < 0.0001) were negatively
related to traffic intensity. There was no detectable interaction between traffic
intensity and landscape, neither on total number of species (Two-way ANOVA, df
=15, F=13.082, p =0.362) nor on total number of individuals (Two-way ANOVA,
df = 15, F = 13.775, p = 0.553).

Table 1. Testing the effect of traffic on bees, butterflies, and both added together (One-way ANOVA).

Testing Total # of Total # of Bee Bee Butterfly Butterfly
effect of species individuals  species individuals species individuals
traffic on

Df 2 2 2 2 2 2

F-value 12.47 14.15 6.205 5.275 8.646 11.98
p-value <0.0001 <0.0001 0.0042 0.0088 0.0007 < 0.0001
(ANOVA)

When looking at both bees and butterflies added together, there was a significant
difference in the number of species and individuals between the control roads and
the other two traffic densities (Fig. 5, a & c; Table 2) but no significant difference
between roads with low and high traffic density, both with number of individuals
(Tukey-test, p = 0.159) and number of species (Tukey-test, p = 0.326). The results
for butterfly individuals and species were similar, as there was a significant
difference between control roads and the other two traffic densities, but not between
roads with low and high traffic density (Fig. 5, b & e; Table 2). The number of bee
species and bee individuals (Fig. 5, ¢ & f) were significantly different between high
traffic intensities and the control roads (Table 2), but not between low traffic
intensities and control roads. The number of bee individuals also did not

15



significantly differ between roads with low and high traffic densities (Table 2, p =

0.1336).
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Figure 5. Visualization of number of species and number of individuals compared to traffic intensity. The capital letters
represent statistical differences within each graph. The graphs a) — ¢) show the number of species added together and
of butterflies and bees separately, d) — f) shows the number of individuals added together and for butterflies and bees

separately.
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Table 2. P-values (Tukey-test) of comparisons between different traffic intensities. Non-significant
p-values are red.

p-values of Tot. # of Tot.#of # of bee # of # of # of

comparing traffic Individuals Species individuals bee butterfly butterfly

intensities species individuals  species

control-high <0.0001 < 0.0066 0.0012 0.0001 0.0011
0.0001

low-high 0.159 0.326 0.1336 0.0669 0.7779 0.8666

low-control 0.0053 0.0068  0.9026 0.287  0.001 0.005

3.3 Flower coverage

In total 101 different flowering plant species were recorded along the road verges.
The most observed plant species were Achillea millefolium (145 times),
Convolvulus arvensis (126 times), Potentilla spec. (116), and Matricaria spec. (112
times).

There was no detectable effect of traffic on flower diversity (ANOVA, df =2, F =
0.623, p = 0.54) or on abundance (ANOVA, df = 2, F = 0.821, p = 0.44, fig. 6).
When combining the flower data with traffic and pollinators through a linear
regression model, there was only an effect of traffic but not of flowers both on
pollinator species an individuals (Table 3).

Table 3. Linear regression model output of the effect of traffic and flower coverage on number of
pollinator species and individuals.

Pollinator species Pollinator individuals
Variable t-value p-value Variable t-value p-value
estimate (+/-se) estimate (+/-se)
(Intercept) 5.1 (0.978 5223  <0.0001 10.34(1.944) 5.321 <0.0001
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High -3.47 (0.695) -4.994  <0.0001 -7.106 (1.382) -5.142 <0.0001
traffic

Low traffic -2.28 (0.694) -3.283  0.002 -4.729 (1.381)  -3.425 0.00134

Flower 0.03 (0.035) 0.906 0.37 0.014 (0.07) 0.205 0.83886
coverage
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Figure 6. The number of flower species in road verges of roads with three different traffic densities
(A) and the flower coverage in road verges of roads with three different traffic densities (B).

However, there was a significant effect of the landscape on the number of flowering
plant species when combined with the traffic intensity (Two-way ANOVA, df =19,
F =3.181, p = 0.00117).

3.4 Insect mortality through collisions

The number of insects killed through collisions with one car decreased with
increasing traffic. Within a distance of 2.5 km, 2.15 +/- 2.5 (mean +/- sd) insects
were killed on roads with high traffic density, 3.02 +/- 2.71 on roads with low traffic
density, and 6.21 +/- 5.73 insects were Kkilled per car on the control roads (fig. 7, A).
An analysis of variance showed that both traffic density (ANOVA, df = 2, F =
18.217, p < 0.0001) and location (ANOVA, df = 15, F = 3.692, p < 0.0001) had a
significant effect on insect mortality. Pairwise comparisons showed that insect
mortality in control roads was significantly different to roads with high traffic
densities (Tukey-test, p < 0.0001) and roads with low traffic densities (Tukey-test,
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p = 0.0002). Insect mortality in roads with high and low traffic densities did not
differ significantly from each other (Tukey-test, p = 0.6015).

The number of insects killed by collisions per car decreased with increasing traffic
(Fig. 7, A), but increased when the number per day was considered (Fig. 7, B).

A B

-
<
=1

=~
(%]

Time of Year

Insect mortality per car (mean +/- se)

log(lnsect martality per day) [mean +/- se]

207 501 July
+ June
+ May
25 + 25
control low high control low high
Traffic density Traffic density

Figure 7. Insect mortality in relation to traffic density. A shows the mean number +/- se of insects
killed by one car on roads with three different traffic densities (control, low, high traffic density). B
shows the same data multiplied with the number of cars per day on a logarithmic scale. The data is
color-coded and split up into the three different months in the summer 2023.
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Discussion

The aim of this study was to find out if traffic would have an effect on pollinator
populations within road verges and on mortality through collisions. To test this, |
categorized roads by traffic density and surveyed road verges for butterfly, bee, and
flowering plant species, as well as tested the insect mortality through collisions with
sticky traps.

The highest abundance and diversity of pollinators included in this study was found
in the control roads with almost no traffic (Fig. 5). Insect mortality per car was also
highest in these roads (Fig. 6). Consequently there are two main results of this
study:

1) The more traffic on a road, the fewer bee and butterfly species and
individuals in the road verges.

2) The more traffic on a road, the fewer insects die per car, but the more insects
die overall from collisions.

Even though there was no significant difference in the number of species and insect
individuals between low and high traffic density, there was still a trend visible (Fig.
5). Longer periods of fieldwork or additional data collection could have improved
the significance of the statistical models, as a similar study had two to three week
long surveys per visit compared to my three to four day surveys per visit, leading
to more replicates of each treatment (Phillips et al. 2019). Because of its statistical
significance, | will focus on the effect that roads with high traffic volume had on
insects.

There are two possible explanations why | found fewer pollinating insects along
roads with high traffic density: either they are actively avoiding roads with higher
traffic, or the traffic already reduced their numbers.

If it is a behavioural response and the insects avoid proximity to busy roads, the
next step would be to determine what causes this behaviour. Based on previous
studies, itis likely that this avoidance behaviour is largely influenced by turbulence,
heavy metal concentrations in flowers, and collisions with vehicles (Mufioz et al.
2014; Phillips et al. 2020; Phillips et al. 2021).

If the traffic already reduced the number of pollinators, road verges of roads with
high traffic densities would act as a population sink and could potentially be an
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ecological trap. An ecological trap is a scenario in which an animal chooses a low-
quality habitat over other habitats of higher quality in the surrounding landscapes
(Robertson & Hutto 2006). The reason is usually disrupting disturbances that
change a habitat, which leads to animals having a harder time assessing the true
quality of a habitat when the usual cues are no longer present. In the example of
road verges, the traffic itself could be a disrupting disturbance. As there is no such
disturbance in semi-natural grasslands, which the road verge resembles, both
habitats could have similar attractiveness to pollinators regardless of the mortality
risk through collisions while looking for nectar and pollen. Another disturbance
changing the quality of habitat is frequent mowing. A road verge at a given time
could seem like an attractive habitat for insects to reproduce and produce offspring,
even though the mowing at a later time could potentially cause high mortality in
eggs or larvae that rely on plant foliage as a food source. The timing of mowing
greatly influences insect populations and optimizing mowing regimes can have a
positive effect on pollinators in road verges (Phillips et al. 2020). Further studies
researching population trends over longer periods of time are needed to clarify if
and to what extend road verges could act as an ecological trap.

Contrary to my expectations, flower coverage did not have any effect on pollinators
and was similar in road verges of all three traffic densities. The significant effect of
the location on flower coverage makes sense, as plant species composition is likely
to be similar in close proximity (between the three road verges of different traffic

Figure 8. One landscape at two different times. The left picture shows a freshly mowed road verge
in June. The right picture shows the same road verge a month later.

intensities within one landscape). Surveying flowers only once and at a different
time than the pollinators could be the reason for not finding an effect. If the
surveyed road verge was mowed between the individual surveys for pollinators and
plants, the resulting data would be incorrect as freshly mowed road verges had no
or very few flowering plants (Fig. 8). Because only a few of the inventoried road
verges were mowed between the surveys and the flower survey only happened once
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per site whereas there were three pollinator surveys, the effect would have been
likely to cancel itself out or still show an effect on pollinators in these road verges.
In addition, certain flower species differ in how frequently they are visited by
pollinators. This depends partly on the general attractiveness of the flower, which
depends on visual and olfactory factors (Flacher et al. 2020). A study of pollinators
in road verges in Cornwall, UK, (Phillips et al. 2019), which examined plant
visitation by pollinators, found that the flowers of only five plant species were
visited by sixty percent of pollinators, suggesting a key role for certain flowering
plants in supporting pollinators. It seemed obvious during fieldwork, that
pollinators had certain flower species to target. Some examples of these preferred
species would be the spear thistle (Cirsium vulgare), white and red clover
(Trifolium repens/pratense), or the dandelion (Taraxacum officinale), which was
one of the five plant species most visited by pollinators in the previously mentioned
study. As | did not survey plant-pollinator interactions, this observation cannot be
backed up with data.

While the general attractiveness of a flower plays a role in how frequently they are
visited by pollinators, it also depends on the specialization of pollinator species. In
particular, bee species are often specialized in collecting pollen and nectar from
certain types of flowers and therefore prefer flowers of certain closely related plant
species (Muller 1996).

Additionally, my results show that it is unlikely that flowering plant diversity or
abundance has an effect on insect mortality through collisions with cars. This aligns
with a similar study done with bumblebees in the same area (Daniel-Ferreira et al.
2022) which found no effect influencing the mortality of bumblebee queens.

Overall, categorizing roads by total number of cars per time could be a better option
than categorizing them by comparison, because the number of cars differed a lot
within categories. This would give a clearer image on the effect on pollinators in
road verges, and if the effect is directly correlated to the number of cars. The low
numbers of both species and individuals overall could also contribute to making the
model inaccurate. More rounds of fieldwork would have likely been beneficial for
producing representative numbers of pollinator populations.

The data on how many insects are killed per day (Fig. 7) is also simplified, as the
number of vehicles per day show the average per year and my data was confined to
three individual days, one each in May, June, and July. Especially on roads with
high traffic densities, a difference of just one insect on the sticky traps had a very
big effect on the number of insects killed daily. The varying speed of the vehicle
during sampling the insect mortality due to road quality could also have resulted in
a difference in insect mortality. Using sticky traps for measuring how many insects
are getting killed by car could also seem unfitting, as the area and surface of the
traps is different from a vehicle. Because the goal in this study was to compare
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mortalities per vehicle at different traffic densities and not to find out the total
number of insects killed per vehicle, using sticky traps made sense. It also makes it
reproducible and comparable to similar future studies.

My results show a negative effect of roads with traffic on pollinator populations.
They are in line with previous studies suggesting road verge management to focus
on roads with low traffic densities (Phillips et al. 2019). It is necessary to get a
clearer image of factors involved in reducing pollinators in road verges though, as
my results did not show a significant difference in pollinator populations between
roads with low and high traffic densities. Future studies should focus on population
trends over longer periods of time to clarify whether the positive effects of road
verges outweigh the negative, and how this balance shifts with varying traffic
densities.
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Popular science summary

More traffic is linked to a decline in road verge pollinators!

It is no longer a secret that every year there are fewer and fewer insects buzzing
around. | remember the long car rides to Italy with my family, where we had to stop
every two hours to clear the windshield of all the unfortunate insects. Nowadays,
that's no longer necessary.

There are many reasons for the worldwide insect die-off. Besides the use of
pesticides in agriculture, the scarcity of suitable habitats is a major threat. Semi-
natural grassland in particular, which is home to an enormous variety of species, is
becoming increasingly rare. These grasslands are usually either grazed or mowed
regularly, thus preventing the growth of
trees and the emergence of forest.

A habitat that closely resembles semi-
natural grasslands is often found on the
side of the road. These green strips, or
road verges, are also mowed regularly
and could have the potential to host
species usually found in semi-natural
grasslands.

| wanted to investigate road verges as a
habitat for pollinators further, so during
three summer months, | photographed
and counted the number and diversity of
bees and butterflies in different road
verges in Skane, southern Sweden. | looked at road verges along roads with no
traffic, low traffic, or heavy traffic, to see if there was a difference and if the traffic
would have an effect on the observed species. What | found was that there were
fewer pollinators in road verges of roads with high traffic, compared to road verges
of roads with no traffic, even though the number and diversity of flowers were
similar. This led me to conclude that traffic has in fact a strong negative impact on
bees and butterflies. However, it is not clear what causes this negative effect. It

An example for a road verge in Skane.
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could be the often fatal collisions with cars, but also secondary effects such as noise,
air pollution, or an increased concentration of heavy metals in plants near the road.
So for road verges to act as habitat substitutes and antidotes to the decline of semi-

natural habitats, it is first necessary to clarify how and whether the negative effect
of traffic can be prevented.

29



Publishing and archiving

Approved students’ theses at SLU are published electronically. As a student, you
have the copyright to your own work and need to approve the electronic publishing.
If you check the box for YES, the full text (pdf file) and metadata will be visible
and searchable online. If you check the box for NO, only the metadata and the
abstract will be visible and searchable online. Nevertheless, when the document is
uploaded it will still be archived as a digital file. If you are more than one author,
the checked box will be applied to all authors. You will find a link to SLU’s
publishing agreement here:

e https://libanswers.slu.se/en/fag/228318.

YES, I/we hereby give permission to publish the present thesis in accordance
with the SLU agreement regarding the transfer of the right to publish a work.

(1 NO, I/we do not give permission to publish the present work. The work will still
be archived and its metadata and abstract will be visible and searchable.

30


https://libanswers.slu.se/en/faq/228318

Appendix

Table 4. The mean and standard error of the number of species and individuals at different traffic

densities.
Means (+/- se) of
Traffic | Total number Total number of Butterfly Butterfly Bee species Bee
density | of species individuals species individuals individuals
Control | 5.56 (0.54) 9.81 (1.21) 3.31(0.44) 594(0.85) 2.25(0.27) 3.88(0.82)
Low 3.81(0.47) 6.38 (0.65) 1.81(0.29) 2.88(0.43) 2(0.32) 3.5(0.52)
High 2.56 (0.32) 4.12 (1.03) 1.69(0.27) 2.75(0.66) 0.88(0.26) 1.375(0.45)
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