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Executive summary
With appropriate management, roadsides can
benefit biodiversity by harbouring a rich flora
and fauna. Roadsides offer opportunities particularly for grassland species and have therefore been acknowledged as potential substitutes
for meadows and similar open habitats, which
are currently declining globally.
We have conducted a systematic review of how
disturbance-based maintenance of roadsides affects the diversity of vascular plants and invertebrates. The review was restricted to effects of
non-chemical interventions such as mowing,
burning, grazing and mechanical shrub removal.
Nearly all of the 54 studies included in the review were conducted in Europe or North
America. The vast majority of studies examined
impacts of mowing. Effects on vascular plants
were reported in 51 studies, whereas 8 of the
studies reported on invertebrates.

Quantitative analysis of plant species richness
and species diversity showed that mowing effects were dependent on the interplay between
mowing frequency and hay removal. Thus, there
were no significant overall effects of mowing vs.
no mowing, frequency of mowing, timing of
mowing or hay removal. However, species richness was significantly higher in roadsides
mowed once or twice per year with hay removal
than in unmown roadsides, and positively affected by mowing twice compared to once per
year. In addition, mowing had a negative impact
on woody plant abundance, and increased mowing frequency had a negative impact on graminoid abundance.
We conclude that to increase plant species richness, roadsides should be mowed each year,
preferably twice per year, and hay should be removed after each cutting. However, the review
also identified large knowledge gaps concerning
roadside management and its effects on biodiversity, especially regarding invertebrates.

Fig. 1. Appropriately managed, many roadsides can function as refuges for threatened species. Photo: Tore Hagman / N.
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Fig. 2. Due to various kinds of road management, such as the use of salt for de-icing, effects of e.g. mowing on vegetation could differ between roadsides and semi-natural grasslands. Photo: Smallman12q / Creative Commons.

Roadsides a potential substitute
for declining grasslands
With the construction of an increasing number of
roads to fulfil rising transportation needs, roadside habitats have also expanded throughout the
world. Most roadsides are managed to some extent, mainly for traffic-safety purposes. However,
with appropriate maintenance, many roadsides
can also benefit biodiversity by harbouring a rich
flora and fauna. Roadsides offer opportunities
particularly for grassland species and have therefore been acknowledged as potential substitutes
for meadows and similar open habitats, which are
currently declining globally.
Many species that historically were associated
with traditional low-intensity management of
meadows and pastures now thrive along roads
instead. In Sweden, some 190 000 hectares of
managed grasslands occur along built infrastructure, 164 000 hectares of which constitute roadsides. This amounts to more than a third of the
total extent of meadows and pastures in Sweden
(ca. 450 000 hectares).

Managing grassland habitats for biodiversity
usually requires removing vegetation, e.g. by
mowing, grazing or burning, thereby slowing or
halting succession to more woody communities.
Current recommendations for roadside management to promote conservation values are largely
based on botanical research on meadows, pastures and other semi-natural grasslands, where
the effects of grazing and mowing on biodiversity
are well studied. However, due to construction
and management activities specific to roadsides
(such as soil preparation, ditching and use of salt
for de-icing), the impact of mowing and grazing
on roadside biodiversity could potentially be
different compared to effects documented from
grassland management. In addition, roadsides receive a continuous influx of nutrients via run-off
from the road surface. The higher temperature on
the road surface further contributes to the specific
environment of roadsides, making them not directly comparable with other grassland habitats.
Management effects on biodiversity are less well
studied along roadsides than in meadows and
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pastures, and much of the existing evidence on
roadsides is comprised of grey literature not
assessed by independent reviewers. For these
reasons, key stakeholders in Sweden have empha-

sised the need for more targeted guidelines for
roadside management based on actual studies of
roadsides.

No. of studies of different combinations of roadside management and affected species

Graminoids

Herbs/forbs

Woody plants

Bryophytes

Lichens

Fungi

Mammals

Birds

Reptiles

Insects

Other arthropods

Other invertebrates

Bacteria

All species

Species group

Mowing

54

61

28

1

0

1

5

7

0

12

1

1

0

85

Pruning

1

1

1

0

0

0

0

0

0

0

0

0

0

1

Removal of shrubs/saplings

2

3

4

0

0

0

3

2

1

1

0

1

0

9

Grazing

3

3

6

0

0

0

0

0

0

0

0

0

0

6

Burning

11

12

4

0

0

0

0

1

0

1

0

0

0

14

Heating

1

1

0

0

0

0

0

0

0

0

0

0

0

1

67

72

21

0

0

0

0

0

0

1

0

1

0

86

Sowing

63

76

21

2

1

0

0

1

0

3

0

1

3

86

Planting

11

12

10

1

1

0

0

2

1

1

0

0

0

19

4

2

4

0

0

0

0

0

0

0

0

0

0

7

31

31

13

0

0

1

0

0

0

0

0

0

1

39

9

17

1

0

0

0

0

0

0

0

0

0

0

18

Topsoiling

11

11

7

0

0

0

0

0

0

0

0

0

0

11

Mulching/compost application

32

33

17

0

0

1

0

0

0

0

0

0

3

41

Erosion-control mats/blankets

11

10

7

0

0

0

0

0

0

0

0

1

0

11

6

5

4

0

0

0

0

0

0

0

0

0

1

7

13

19

6

1

1

0

0

0

0

0

0

0

0

23

3

3

3

1

0

0

0

0

0

0

0

0

0

3

43

52

18

0

0

0

0

0

0

1

0

0

0

61

5

6

3

0

0

0

0

0

0

2

0

0

0

11

207

232

105

5

2

2

5

10

1

17

1

2

3

Intervention
Vegetation disturbance

Herbicide use
Biological amendment

Mycorrhizal treatment
Soil amendment
Fertiliser addition
Liming

Irrigation
Soil cultivation (e.g. tillage)
Ditching or ditch maintenance
Control of invasive/nuisance
species
Other interventions
All interventions

A recent systematic map of published research identified about 300 studies of how different kinds of roadside management affect various groups of species. Certain combinations of management interventions and species were well studied;
others were not. Studies of how vascular plants and invertebrates are affected by non-chemical vegetation removal (marked with red text in the table) were selected for a systematic review of study outcomes. From EviEM SR9.
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From a systematic map
to a systematic review

What is a systematic review?
In this review, we used a systematic methodol-

Following a suggestion from the Swedish Board
of Agriculture, we recently performed systematic
mapping of the available knowledge on how different kinds of roadside management affect bio
diversity and the dispersal of species. A systematic map provides an overview of the scope and
focus of existing studies of a certain topic, but it
does not summarise or synthesise the findings of
the studies. Since we wanted to look for evidence
on general patterns of management effects, we
made a global survey with no particular focus on
Scandinavian conditions.

ogy to synthesise available evidence on effects
of roadside management. Systematic reviews
are summaries of existing research – in this respect, they do not differ from ordinary literature
reviews. The difference lies, instead, in their
rigour, transparency and comprehensiveness. A
systematic review is characterised by meticulous
planning, thorough searches for literature, objective assessments of studies, and a complete
documentation of the whole review process.
This approach is designed to increase reliability
and repeatability and to avoid bias. Many systematic reviews include quantitative conclusions

The systematic map (EviEM SR9) showed that
much of the literature on ecological effects of
roadside management describes attempts to
revegetate recently constructed roadsides, or the
use of herbicides for controlling roadside vegetation in general and invasive/nuisance plants in
particular. Chemical management of roadsides
is nowadays largely restricted in many countries,
and the literature that we found on such management was dominated by older American studies
on substances that are now obsolete.
However, we also found many studies with more
obvious relevance to biodiversity conservation
or restoration in roadsides. More specifically, we
identified nearly a hundred studies of how species
groups in roadsides are affected by vegetation
management such as regular mowing, burning,
grazing or selective mechanical removal of plants.
These disturbance-based management practices
can be regarded as comparable, as all of them
entail removal of biomass. Most of the studies
recorded management effects on vascular plants,
but there were also some potentially relevant
investigations of insects or other invertebrates.
Studies of non-chemical interventions that might
aid the conservation or restoration of roadside
biodiversity should be of considerable interest to

based on meta-analysis, a statistical technique
for aggregating results from multiple studies.

roadside managers, including transportation and
conservation agencies, park authorities, municipalities, farmers and other landowners.
Therefore, we decided to proceed with a full
systematic review of how maintenance or
restoration of roadsides using various forms
of non-chemical vegetation removal affects the
diversity of vascular plants and invertebrates.
The review was largely based on studies selected
from the systematic map. The ultimate aim of the
review was to facilitate evidence-based management of roadsides to conserve or restore the
diversity of plants and invertebrates.

Evidence dominated by studies
of how mowing affects plants
The review included a total of 54 studies. Nearly
all of these were conducted in Europe (29 studies) or North America (24). One study was made
in South Africa, but we found no relevant studies from Asia, Australia and South America and
none from tropical regions (Fig. 3).
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Fig. 3. The red dots on the map show the locations of studies included in the review. The table below shows the number
of included studies per country.
USA
Netherlands
Finland
Sweden

24
6
5
5

Norway
UK
Denmark
France

4
3
2
2

Austria
Belgium
Canada
South Africa

1
1
1
1

The vast majority of included studies (48) examined effects of mowing, whereas effects of burning were reported by seven studies. One study
reported on effects of grazing and one on effects
of shrub removal. Of the mowing studies, 38
compared mown and unmown roadsides.
Effects of different mowing frequencies were examined by 28 studies, whereas 16 studies compared effects of mowing in different seasons and
14 compared effects of hay removal vs. no hay
removal after mowing. Many studies included
more than one of these kinds of comparison.

mate goals of the interventions were not always
stated explicitly, but 13 of the 41 experimental
studies examined management options intended
to conserve or restore roadside biodiversity in
general. Another nine focused on attempts to restore native vegetation, whereas seven investigated different ways of controlling specific invasive or otherwise undesirable species. Eleven
studies examined the efficiency of various options for controlling weed growth and vegetation
height without considering any biodiversity aspects.

Most of the studies (41) were based on experimental interventions, but 13 studies were observational in the sense that they only recorded effects of regular roadside maintenance. The ulti-

The majority of studies in the review were relatively short-term – 36 of them were made over a
period of three years or less, but 13 studies examined interventions or maintenance proce-
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dures that had lasted for 4–9 years, and five
studies were made over a period of 10 years or
more. The longest-term studies reported on an
experiment that had run for 23 years.

ported for vegetation as a whole in eight studies
and for major subgroups of vascular plants in 11
studies, whereas 18 studies focused on the abundance of one or a few individual plant species.

Nearly all of the included studies (51) examined
effects of roadside management on vascular
plants, whereas effects on invertebrates were reported in eight studies. Of the plant studies, 19
reported effects on species richness and/or species diversity indices. Abundance (measured as
cover, frequency, density or biomass) was re-

Of the invertebrate studies, five reported on the
abundance and/or species richness of insect
groups (such as lepidopterans), while two studies focused on the abundance of a single ant or
butterfly species, and one study reported on the
abundance and species richness of arthropods
in general.

Effects of mowing on vascular plant richness and diversity

Fig. 4. Results of this quantitative synthesis are presented as mean ratios (squares) between effects of different mowing
treatments on plant species richness and diversity (Shannon H’). Horizontal lines show 95% confidence intervals. The columns at left specify mowing frequency (1-3 per year), hay removal (Y/N) and timing of mowing (E = early, L = late, S = several per year). Data are divided into effects of mowing vs. no mowing (black squares), frequency of mowing (blue), timing of
mowing (green) and hay removal (red), with overall comparisons (averaging across other elements of the mowing regime)
in grey rows. The number of datasets used to calculate each mean effect ratio is given in brackets. Statistical significance
(p<0.05) is indicated by an asterisk (*). Confidence intervals spanning the dashed red line represent non-significant effects.
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Effects of mowing on forb, graminoid and woody plant abundance

Fig. 5. Mean effects of different mowing treatments on plant abundance are shown for forbs (upper left), graminoids
(upper right) and woody plants (lower panel). When we analysed the abundance of forbs and graminoids, we also included
data on vegetation reported by study authors as herbaceous broadleaves and grasses, respectively. See Fig. 4 for further
explanations.

Mowing frequency and hay removal
influenced effects on plants
Quantitative analysis of plant species richness
and diversity showed that mowing effects were
dependent on the interplay between mowing frequency and hay removal (Fig. 4). There were no
statistically significant overall effects of mowing
vs. no mowing, frequency of mowing, timing of
mowing or hay removal on plant species richness and diversity (measured as Shannon index).
Nevertheless, species richness of plants was
higher in roadsides mowed once or twice per
year with hay removal compared to unmowed
roadsides, and also higher in roadsides mowed
twice compared to once per year (with or without removal of hay), whereas mowing more than
twice per year did not increase species richness.
Shannon diversity of plants was also higher in
roadsides mowed twice per year, but there were
10

not sufficiently many studies for analysing the
effects of hay removal on species diversity. The
variability was too large to allow conclusions on
the effects of early vs. late mowing on plant species richness and Shannon diversity.
Similarly, mowing frequency influenced how
mowing affected abundances of functional
groups of vegetation (Fig. 5). Mowing twice instead of once per year had a significantly negative impact on the abundance (cover) of graminoids (grasses, sedges etc.), with a parallel positive trend towards higher abundance of forbs.
This may explain the positive effect on total
plant richness of mowing twice per year – in
grasslands, management that reduces graminoid cover often leads to increased species richness by benefitting forbs. Woody plant abundance was usually lower in mowed than in unmowed roadsides, although also with the clearest effect in roadsides mowed twice per year.
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Perusal of individual studies supports these
quantitative findings, but it also illustrates the
variability in outcomes. However, all studies
that compared mowing with no mowing found at
least partly significant positive effects on vascular plant species richness. Under certain conditions, the effect was absent, but it was never negative.
There was insufficient data for quantitative synthesis of the effects of grazing, burning and removal of shrubs/saplings, and for comparing effects of the latter interventions to those of mowing.
Similarly, effects of roadside management on invertebrates could not be analysed quantitatively
due to the small number of comparable datasets.
Few studies had investigated the same groups of
invertebrates being exposed to the same roadside management regimes.

Roadside vs. grassland
management
Although management effects on grassland biodiversity have been extensively studied, there is
– to our knowledge – no synthesis available that
summarises the effects across different contexts
and management regimes. However, a few studies have analysed biodiversity responses to multiple grassland management regimes across
large environmental gradients and in different
contexts. The conclusions were similar to ours: a
positive effect of mowing or, more generally, disturbance was found, but results were strongly
modified by interactions with site conditions.
There are, however, reasons to believe that effects of management in roadsides may diverge
in the long run from effects on grasslands. In
unfertilised grasslands, sustained mowing and
hay removal can lead to depletion of nutrients in
nutrient-poor sites, whereas roadsides may be

Fig. 6. In some places, grazing may be an alternative to mowing for control of roadside vegetation. For obvious reasons,
however, large-scale roadside grazing is difficult to implement, and only one of the studies in the review had examined
biodiversity effects of grazing. The picture was taken in Sardinia.
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Fig. 7. In both roadsides and semi-natural grasslands, forbs tend to be benefitted by frequent mowing. One likely reason
is that such treatment usually reduces the abundance of grasses and other graminoids.

less affected. Nutrient-enriched run-off and/or
dust from roads may counterbalance their export via hay removal. This influx of elements
can be considerable, and it depends on factors
such as pavement type and traffic load. At this
time we can only speculate about the effects of
these roadside-specific processes on biodiversity and the way they interact with management.
However, they might, among other processes,
prevent roadside vegetation from losing species
that require a regular, but modest nutrient input
in the long run, which is of importance for conservation in some regions.
The input of pollutants, such as salt and heavy
metals, is another run-off-related factor that
may cause a divergence in management effects
between roadsides and grasslands. These inputs
have the potential to alter productivity and competitive interactions between species.
12

Implications for policy
and research
Based on our review we conclude that vascular
plant richness is likely to increase (i) if roadsides
are mowed each year, (ii) if they are mowed
twice rather than once a year (this can be expected to benefit forb diversity specifically), and
(iii) if hay is removed after each cutting. We believe that the findings in this review could function as a first step in guiding policymakers and
managers on how to manage roadsides most effectively for increased plant diversity in parallel
with managing for traffic safety.
However, the review also shows that there are
large knowledge gaps on how management of
roadsides affects diversity of vascular plants and
invertebrates. First, relevant studies on invertebrates were very few. Secondly, studies on vas-
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cular plant diversity are almost exclusively focused on mowing; few studies test effects of other management options such as burning or grazing, or effects of roadside management in combination with influx of chemicals, nutrients or
salt. The studies also suffer from short experimental duration, limited geographic distribution, and lack of common research protocols.
Future studies should include both animals and
plants to increase the knowledge of how roadside management affects biodiversity and important relationships such as the link between
plants and pollinating insects. Research should
also target other aspects of biodiversity, such as
threatened grassland species and how the functional diversity of plant and animal communities is affected by roadside management.
Our review highlights the need for studies specifically designed for measuring effects of roadside management on a wider range of biodiversity values to understand how traffic safety and

biodiversity conservation goals can be combined
in a win–win solution. Specifically, we stress the
need for targeted studies on more organism
groups, functional diversity and species of conservation concern to identify roadside management regimes that benefit a wider range of biodiversity aspects.

How this review was conducted
This systematic review was initiated and financed by the Mistra Council for EvidenceBased Environmental Management (EviEM).
The review was conducted by a specially appointed team of researchers chaired by Regina
Lindborg, professor of physical geography at
Stockholm University, Sweden. The review was
managed by Claes Bernes, EviEM.
Most of the evidence synthesised in our systematic review was selected from the recently compiled systematic map of biodiversity impacts of
roadside management (see p. 7). The map, which

Fig. 8. First meeting of the review team, October 2015. From left: Claes Bernes, James M. Bullock, Maj Rundlöf, Simon
Jakobsson, Regina Lindborg and Kris Verheyen. (Maj Rundlöf participated in the work with the systematic map that preceded the systematic review.) Photo: Anna Waldenström.
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was based on literature searches performed in
late 2015, included a total of 301 studies. Of
them, 97 were listed as describing effects of

non-chemical vegetation removal and thus potentially eligible for inclusion in this review, but
eight of these studies were not fully consistent

Overview of article inclusion and screening
8 studies from the
systematic map excluded
due to irrelevant outcomes

97 studies of roadside
vegetation removal identified
in the systematic map

1 article added
from Google Scholar,
1 received from author

89 studies from the
systematic map included
as relevant to the review

1284 articles found
through updated search
in Scopus and TRID

230 articles excluded
as duplicates
or already identified

1054 articles
screened on title

734 articles excluded
based on title

320 articles
screened on abstract

265 articles excluded
based on abstract

57 articles to be
screened on full text

46 articles excluded
based on full text,
5 not found in full text

95 studies
critically appraised

41 studies excluded
based on critical appraisal

54 studies
included in the review

Fig. 9. Most of the studies in this review were included from a systematic map of biodiversity effects of various forms
of roadside management. A few additional studies were found through an updated search for literature in Scopus,
TRID (Transport Research International Documentation) and Google Scholar.
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with our inclusion criteria. This left 89 studies
from the systematic map that we considered as
relevant to the review (Fig. 9).

EviEM
The Mistra Council for Evidence-Based
Environmental Management (EviEM) strives

To find more recently-published literature on the
topic of the systematic review, we performed a
search update in May 2017. Six of the 1,284 articles that we identified as potentially useful were
categorised as relevant after a multi-stage
screening process.

to ensure that environmental management in
Sweden is informed by the best possible scientific evidence. Through systematic reviews
of relevant research, we aim to improve the
basis for decisions in environmental policy.
Funded by the Swedish Foundation for Strategic Environmental Research (Mistra) and host-

Critical appraisal of the 95 studies that had
passed relevance screening led to the exclusion of
41 studies – based on assessments of their clarity
and susceptibility to bias, they were categorised
as having low or unclear validity. Consequently,
54 studies (described in 51 articles) were included in this review.
The majority of included articles (43) were written in English, but four were written in Dutch,
two in Danish, one in Norwegian and one in
Swedish. About two thirds of the articles (32)
were published in peer-reviewed scientific journals, whereas the other articles could be characterised as ‘grey literature’, consisting of reports
issued or commissioned by authorities, conference proceedings, or academic theses. The year
of publication ranged from 1970 to 2016, with a
median of 2006.
The studies included in the review reported on
several different types of vegetation removal and
their effects on different measures of biodiversity
of vascular plants and invertebrates. However,
the only combinations of intervention and outcome that allowed for quantitative analysis, being covered by at least three studies, were the impacts of mowing (including different mowing regimes) on five aspects of plant communities:
overall species richness and species diversity of
plants, and abundance (cover) of forbs, grami-

ed by Stockholm Environment Institute, EviEM
is financially and politically independent.

noids and woody plants. Our analyses of species
diversity were limited to data on the Shannon
index (H’).
Due to the heterogeneity of the published statistical analyses in general, and the lack of reported measures of variability in particular (such
measures were only available for 37% of the
studies), we conducted no meta-analysis of the
extracted outcomes. Instead, we used a simplified approach based on one-sample t-tests of
study-level mean effect ratios. The analysis was
conducted exclusively on the effects of mowing
and how those effects depended on different
mowing regimes. Other effect modifiers were
not considered applicable in the analysis as they
were not reported consistently across studies.

Free access to full report
The full report on this systematic review is published in the Environmental Evidence journal
(https://doi.org/10.1186/s13750-018-0129-z).
The report is also available at EviEM's website
(www.eviem.se). The report on the systematic
map (EviEM SR9) that preceded the review can
be found there too.
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EviEM Summary
Many species previously associated with meadows and pastures are
now mainly found on roadsides instead. For traffic-safety reasons,
vegetation is regularly managed along most roadsides. In the
systematic review that is summarised here, we have investigated how
such management could be carried out to benefit biodiversity as well.

www.eviem.se
EviEM conducts systematic reviews of environmental issues identified
as important by public agencies and other stakeholders. These provide
an overall assessment of the state of scientific knowledge and help to
improve the basis for environmental decision-making in Sweden.
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