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Abstract

1. Roads are a major driver of environmental stress, yet we know surprisingly
little about how roads impact the movement of insect pollinators, and
consequent pollination.

2. Weinvestigated the influence of roads on pollinator movement and pollination
by examining patterns of pigment transfer between focal plants of two
species, Coreopsis verticillata and Monarda fistulosa. We asked whether roads
reduced pigment transfer, and what characteristics of roads were important in
driving this reduction. We also evaluated whether pollinator assemblage
differed between species, and if this mediated the effect of roads on pigment
transfer.
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3. Plants across a road from a pigment-added plant received significantly less
pigment than plants on the same side of the road. This effect was stronger for
coreopsis than for monarda. The mean body size of visitors to coreopsis was
significantly smaller than that of visitors to monarda, suggesting that smaller
bees are more limited by roads.

4. Road width was the best predictor of pigment transfer, with a smaller effect of
traffic volume; further research is needed to fully disentangle the effects of
different road characteristics. Roadside habitat had little influence on pigment
transfer, and roadside plants did not receive significantly less pigment than
plants in contiguous habitat.

5. Synthesis and applications. This study demonstrates that roads pose substantial
barriers to bee movement, reducing pollen flow between plants located across
roadways from one another. Road characteristics, particularly width and traffic
volume, mediated this effect, as did bee size. Our results suggest that the
effects of roads on pollinators and pollination can be mitigated by many of the
same design strategies currently being implemented to reduce human traffic
accidents, offering the opportunity for win-win scenarios.

1 INTRODUCTION

Road development is a ubiquitous driver of environmental stress (Van Der Ree
et al.,, 2015). Currently, the road network extends to about 32 million km across the
globe (IRF, 2017), and it is projected to increase by an additional 25 million km globally
by 2050 (Dulac, 2013). While the bulk of studies measuring the effect of roads on
ecological communities have focused on vertebrate animals (Bennett, 2017), there is
increasing evidence that roads also impact invertebrates—and particularly insects—
both via mortality from vehicle collisions (Baxter-Gilbert et al., 2015) and by altering
movement patterns (Andersson et al., 2017; Bhattacharya et al., 2003). Yet the few
studies evaluating the degree to which roads represent barriers to insect movement
are largely anecdotal or poorly replicated (Bhattacharya etal., 2003; Franzén
et al., 2009; Remon et al., 2018; Zurbuchen et al., 2010), save for a small number of
studies on butterflies (Munguira & Thomas, 1992; Ries & Debinski, 2001). In general,
we lack a rigorous quantification of the extent to which roads limit insect movement.
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4 DISCUSSION

Our study shows that roads and paths pose a significant barrier to bee
movement, and therefore substantially reduce pollen transfer.

Taken together, the results of this study indicate that although roadsides may attract and
support sizable bee populations, roads pose barriers to bee movement, and consequently
pollen vectoring. While our findings suggest that even small roads and bicycle paths
are barriers to bee movement, we nevertheless observed substantial pigment transfer
across these roads, suggesting that this barrier does not preclude dispersal of bees and
insect-vectored pollen. However, pigment transfer across roads was rare in either
species for roads with three or more lanes of traffic. While we surveyed roads only up
to five lanes wide, many roads often exceed this width. Moreover, our estimate of the
effect of roads is likely conservative, since the study took place during the COVID-19
pandemic, when traffic was substantially reduced from pre-pandemic levels. Therefore,
we suggest that medium-sized and large roads may impede the movement of bees
sufficiently to impact foraging and pollination. We predict that this is particularly likely
in plants that rely on insect-vectored cross-pollination for successful reproduction
(particularly those pollinated primarily by small bees), and in urban areas where habitat
fragments are commonly surrounded on all sides by busy roads. Further research on the
genetic structure of populations of pollinating insects (particularly smaller species) and,
insect-pollinated plants, with explicit reference to roads as potential barriers, is needed
to evaluate this claim.

In light of our findings, we recommend the evaluation and implementation of strategies
to make roads less of a barrier to pollinators. Habitat corridors have been effective in
reducing the impact of roads for many vertebrate taxa (Gilbert-Norton et al., 2010), and
this concept can be adapted for pollinators. With any such measure that encourages
pollinators to cross the road, it will be important to evaluate whether it results in
elevated mortality due to increased vehicle collisions, and if so whether this outweighs
the benefits of increased population connectivity (Keilsohn et al., 2018). Importantly,
these interventions have the potential to dovetail with efforts to promote alternative
modes of transportation and reduce traffic accidents via so-called ‘road diets’, which
reduce the area of a road dedicated to vehicular traffic (Ewing, 2008; Huang
et al., 2002), and consequently reduce the barrier to pollinator movement. These and
related efforts have the potential to reduce the environmental stress roads exert on all
of us, human and non-human alike.
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