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Abstract 
 
Roadside habitats have great potential to reduce ongoing losses in European biodiversity and 

ecosystem services. Thus, as part of the EPICroads project a classification system was 

developed to deliver a hands-on approach for fast ecological evaluation of roadsides in 

contrasting European environments. In the EPICroads Classification System, easy-to-use 

categories translate the complexity of varying abiotic and biotic conditions into a simple 

qualitative three-staged point evaluation. The main categories Landscape (A), Ecotone (B) and 

Habitat (C) contain 14 subcategories including ecological contrast (A1), habitat quality (A2), 

connectivity (A3), regional species pool (A4), longitudinal (B1) and lateral (B2) extent, 

steepness (B3), human influence (B4), light (C1), water (C2), nutrient availability (C3), soil pH 

(C4), contamination (C5) and management (C6). Each subcategory of the system is justified 

by sound ecological reasoning. When the scores of all subcategories are summed up (14–42 

points), three overall grades indicate the ecological value of the respective roadside. The 

system is flexible, since local road authorities may exclude some categories, for example due 

to insufficient data, while still obtaining a conclusive (relative) grading. The suggested system 

for an ecological roadside evaluation can be used to monitor management measures that 

should follow the EPICroads Guidelines. However, the EPICroads Classification System is not 

meant as a substitute for future conservation programmes that should include species-rich 

roadsides habitats. 
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1 Introduction 

1.1 Ecological significance of roadsides 

The existing European road network is a primary driver of habitat fragmentation, and this 

conservation challenge is ongoing due to the addition of new roads (Meijer et al. 2018). 

Regions with low road density maintain higher landscape connectivity, allowing individuals and 

genes to spread across the landscape, which has positive effects on nature and thus benefits 

biodiversity. The road network of the eastern European countries, for example, is still less 

dense, and these countries thus contain areas with extensive unfragmented habitats (Ibisch et 

al. 2016). Yet, they are increasingly converging with the western countries through EU-

supported road construction projects (Angelstam et al. 2017). This leads to further habitat 

fragmentation and additional losses in biodiversity.  

 

However, road construction has a variety of further effects with high ecological significance. 

Foremost to name is the direct loss of habitat area through the road itself, but also a severe 

alteration of the roadside corridor (Laurance et al. 2014). The abiotic conditions of newly 

created roadside habitats differ in soil humidity and hydrology (especially enforced by lateral 

drainage ditches), shade, temperature, and wind, while traffic noise, artificial light and 

contamination are novel abiotic factors that lead to adverse conditions of the roadside habitats 

(Van Bohemen & Van De Laak 2003). Furthermore, the resulting roadsides can act as habitat 

for invasive alien plant species and as a corridor for their dispersal (Hansen & Clevenger 

2005). Thus, the main negative consequences of roads are a reduced total area and patch 

form of high-quality habitats, restricted gene flow between remaining patches, and increased 

mortality due to roadkill (EPICroads Review 20191). These changes have considerable 

impacts on organisms, their interactions, and the resulting ecosystem functions and services 

of roadsides (Truscott et al. 2005, Kroeger et al., in prep.).  

 

Interestingly, the existing and planned roadsides also provide an opportunity to partly 

counteract habitat degradation and species extinction. Habitats along roads may function as 

corridors for movement of plants and animals (Fischer et al., in prep.), the resulting dispersal 

of genes can contribute to slow down biodiversity loss at the landscape scale (Major et al. 

1999), and roadsides may even become refugia for endangered species (Eversham & Telfer 

1994, Vermeulen 1993). Thus, a valuable contribution to biodiversity can be obtained by 

 
1 Unpublished information 
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appropriate planning and management of roadside habitats. To achieve this goal, road 

authorities require a proper classification of roadside habitats with different ecological qualities. 

1.2 Challenges of roadside classification 

To assess the possible ecological value of habitats related to transport infrastructure, 

knowledge of the factors that determine their ecological value is needed for local administrators 

to classify and manage those areas. Required is an objective and quantitative assessment of 

the factors that indicate levels of biodiversity and multiple ecosystem services, and the factors 

shall also include spatio-temporal scaling. The multifactorial challenge of integrating all 

requirements, also in consideration of Europe’s highly variable landscapes, must result in a 

standardised classification system with European-wide compatibility. In summary, an 

assessment and classification system is needed, that can be communicated in simple and 

reliable ecological categories of roadside maps and habitat statistics; it should fit all European 

regions, has to reflect the actual site conditions, must integrate negative and positive effects 

of roads, and should be applicable in practice. 

 

Table 1: Challenges in developing a European classification system of roadsides due to potential 
trade-offs of scientific and applied requirements during habitat evaluation and classification. 

Scientifically handling uncertainty → Applicability in practice 

Ecological realism → Avoiding excessive or redundant details 

Local conditions with high resolution → Producing informative maps 

Species-specific assessment → Integrative ecological evaluation 

Tailored to individual countries → Enabling international comparisons 

 

The challenge of a mixed qualitative, half-quantitative or quantitative classification system for 

roadside habitats has some further dimensions due to potentially contradicting requirements 

of the scientists and practitioners involved (Table 1). For example, enough species specificity 

shall be provided for each country, yet the over-focus on local specialties may lead to 

excessive detail and finally to impracticability. After a proper classification of a given roadside 

the focus on regional specificity can later be integrated into best practice guidelines such as 

Bromley et al. (2019). Comparisons between regions should be possible, which calls for both 

transferable and robust habitat measures that do not end up in excessive details. Furthermore, 

the aim of the EPICroads Classification System is a reasonable spatial resolution that is 
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reproducible in maps, and compatible with the literature review and guidelines of the 

EPICroads project. 

1.3 European country-specific available classifications 

For developing a European system of roadside habitat classification, it is useful to study 

examples from individual countries. For example, in Norway and Sweden roadside 

classifications already exist in different forms, and thus they will be presented and analysed 

for applicability in a European context. 

 

The Norwegian approach of an 

evaluation of roadsides in a 

classification system (Fig. 1) is 

embedded in a mapping guide for 

generally important ecosystem types 

based on their biodiversity 

(Miljødirektoratet 2018, 2020), and 

according to the Norwegian Red List 

for Ecosystem and Habitat Types 

(Lindgaard & Henriksen 2011). 

Roadsides are hereby only included 

when the vegetation is kept down by 

mowing and/or treading, and the 

habitat type is identified through the 

presence of stable, species-rich 

grasslands that constitute a certain 

degree of ecosystem services. The evaluation of a roadside is then done in two steps, first 

assessing the current state of the locality by the two primary factors of succession speed (good 

→ grade 1, moderate → 2, bad → 3, very reduced → 4) and current management intensity 

(management intensity: good → 3+4, moderate → 2+5, bad → 1+6, very reduced → 7+8). 

Three secondary factors are the use of fertilizers, the presence of alien species and wear and 

tear of the habitat. In a second step, the species diversity and natural variation are assessed, 

but only if the condition of the site is evaluated higher than ‘very reduced’ in the first step. The 

second step also contains a differentiation in primary and secondary factors. Here the two 

primary factors are size (big >500 m → >5, moderate 100–500 m → 2–5, small 30–100 m → 

<2) and habitat specific species (no limit values defined). The secondary factor contains only 

Figure 1: Norwegian Roadside Evaluation System 
(translated from Evju et al. 2017). 
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the presence of red list species and similar to the first step it can only cause an overall upgrade 

by one step in the resulting evaluation. Finally, the roadside is classified by its overall 

biodiversity on the x-axis and the evaluated site conditions on the y-axis, resulting in five 

classes of roadside value (0–4), whereby from 1 to 5 a certain degree of ecological quality of 

a roadside is designated, ascending from low to high. 

 

There exists an additional Norwegian system to identify, map and assess species-rich 

roadsides based on initial screening of geology and superficial deposits, and existing 

information on biodiversity and ecological qualities (Larsen & Gaarder 2012). However, this 

system is targeted towards locating high-value roadsides and is not a platform to classify 

ecological qualities along roadsides in general. 

 

The Swedish approach of an evaluation of roadsides was developed by the Swedish 

Transport Administration (Trafikverket) in the course of the project Artrika vägkanter (species-

rich roadsides) by Lindqvist et al. (2012). Here, different regions are chosen, and an inventory 

of the so-called species-rich roadsides is conducted. The system is relatively simplistic, since 

it evaluates a roadside as ‘species-rich’, when at least one of the following points is fulfilled. 

The first category is focused on the sheer occurrence of either red-listed species and species 

of responsibility and/or indicator species. The second category contains the factors of special 

species composition based on 

complex soil and structural properties 

and/or has a particularly high species 

richness or frequency of indicator 

species. The third category focuses on 

the properties of the given ecotone in 

providing a substantial ecological 

resource, for example reproduction, life 

cycle, protection or food. The fourth 

category focuses on the habitat 

function of providing an important 

environment that has geological and 

ecological conditions for species 

dispersion or connectivity in the 

landscape. 

 

Figure 2: Swedish NVI Classification System  

(translated from SIS 199000.2014). 
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After establishing a roadside as species-rich, the qualifying components of the given roadside 

are recorded in a field protocol (see Appendix 1) with additional help of lists of indicator and 

signal species. The assessment and classification are made with the help of the evaluation 

matrix in Appendix 2. Three main categories of interesting indicator/nature conservation 

species, flower wealth and biotope qualities are rated in ascending quality from 1 to 4, 

according to the descriptions in the matrix. The overall results are then summed up and finally 

classified (Fig. 2) according to the Swedish Nature Value Class System (NVI) that designates 

the natural value of an area according to the SIS (Swedish Standards Institute) Standard SS 

199000:2014. 

 

The NVI system classifies any habitat through the overall site conditions on the x-axis and the 

evaluated species value on the y-axis, resulting in four classes ascending in quality from 4 

(lowest) to 1 (highest). Outcomes that are close to the diagonal from the highest natural value 

(top right) to low natural value (bottom left) are most likely. Beside the Norwegian and Swedish 

examples, we are not aware of any other comprehensive national system of roadside 

classification that is already used in European practice, although similar solutions are expected 

from more countries. 

1.4 European Red Lists of Endangered Habitats 

Although roadsides find some consideration as potential valuable habitats in country-specific 

conservation systems as the Norwegian mapping guide or the Swedish project Artrika 

vägkanter (as shown above), they have not explicitly been included in national or European 

Red Lists of Endangered Habitats. The German Red List of Endangered Habitats (BfN 2017) 

was recently updated and contains a detailed differentiation of road types and their vegetation, 

mainly based on the properties of the differing road surfaces, yet an inclusion of roadsides or 

a mentioning of the edges of a road and its adjacent vegetation is still also absent in the 

German system. The European Red List of Habitats estimates the endangerment status of 

habitats of the EU28 plus Iceland, Norway, Switzerland, and the Balkan countries, and it is 

available as fact sheets in pdf and database format2, yet it also does not include roadsides. 

1.5 Limitations of presented country-specific systems 

So, could the Norwegian and Swedish systems be used as a blueprint for a European 

classification system? – Unfortunately, it is not that simple. A limitation of both national systems 

 
2 https://ec.europa.eu/environment/nature/knowledge/redlist_en.htm 

https://ec.europa.eu/environment/nature/knowledge/redlist_en.htm
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is that they evaluate roadsides only based on plant species and vegetation types. The Swedish 

system, for example, focusses mostly on species richness but also includes habitat quality and 

functions like species dispersion or connectivity, while this approach does not consider abiotic 

factors, disturbance through traffic and management, nor the extent and configuration of the 

roadside. The Norwegian system adds the current management of the roadside (mowing, 

treading, use of fertilizers etc.) to the species approach and also includes an evaluation of the 

size of a site, but again does not cover ecological factors like differences in shading, 

temperature, soil moisture and nutrients, and disturbance or stress by traffic. 

 

A strength of both approaches is that they use various species lists to evaluate plant 

biodiversity, including country-specific red lists. The Norwegian approach encompasses an 

app to directly evaluate a site, what at first glance supports the notion that this system is an 

attempt of user-friendliness to make it easier and faster to evaluate a roadside, and maybe 

enabling elements of citizen science. The Swedish approach needs good planning before 

evaluating a roadside on site, being equipped with different species lists and the evaluation 

matrix shown in Appendix 2.  

 

All in all, the Swedish system is more complex and therefore more complicated to apply. Both 

approaches finally end up in creating maps in simple 4-level quality assigned colour systems, 

to classify roadsides by their ecologic quality. Both approaches are country-specific, being 

based on regional species lists, what makes them difficult to transfer to other European 

countries. Moreover, the evaluation of a roadside based on regional species rarity causes the 

problem of non-transferability to an overall European system, and also just represents one 

single indicator of ecological value. 

1.6 Lessons learned for a new classification 

A European-wide ecological classification for roadsides can use country-specific evaluation 

systems for roadsides only to a limited extent due to differences among regional species 

catalogues. It should also include abiotic measures of roadside quality. Setting qualitative 

thresholds in a clear and user-friendly way is another main objective that is not covered by the 

existing systems. However, the use of a simple evaluation matrix, as demonstrated in the 

Swedish system (Appendix 2), allows a fast overview over the main categories, and may be a 

viable path to provide the mapper with an efficient tool for a qualitative classification of a 

roadside in the respective category. Thus, the final classification in both the Swedish and the 
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Norwegian system allows for a qualitative 4- or 5- level scoring to designate a roadside’s 

ecological quality in a final map. This looks like a suitable approach. 

1.7 Ecological background of a European roadside classification 

The innovative goal of the EPICroads consortium is to deliver a scientifically sound and 

practically useful classification system of roadside habitats that integrates biodiversity, 

ecological functions, and ecosystem services. Objectivity in this type of ecological evaluation 

can only be achieved if the descriptions of the evaluation categories are as operational as 

possible with reliable thresholds for mapping. Yet, the ecological evaluation of categories may 

be complicated through multifactorial influences. In many cases an objectively measured 

number may not be feasible, and thus has to be replaced by an expert estimate. Thus, many 

categories will be semi-quantitative estimates, while the categories and subcategories should 

make ecological sense and must be comparable to other regions. To avoid unnecessary 

complications, the EPICroads Classification consists of a three-level system with categories 

and subcategories based on sound ecological reasoning. 

 

 

Figure 3: Conceptual figure on potential relationships between biodiversity (or ecosystem services) 
and abiotic ecological factors that determine roadside habitat quality. While some abiotic factors show 
(a) a simple linear positive relationship to biodiversity (e.g., soil pH), there might (b) also be negative 
linear relations (soil nutrients), (c) maximal biodiversity for both low and high values (soil moisture) or 

(d) quadratic correlations (mowing frequency). 
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On a very basic level, theoretical ecological considerations suggest four contrasting 

relationships between ecological factors and biodiversity in roadside habitats (Fig. 3). Linear 

relationships are expected for abiotic factors without positive or negative feedbacks, e.g., 

increasing soil nutrient concentrations leading to a declining biodiversity of plants via light 

limitation (Borer et al. 2014), or soil pH being positively correlated with plant biodiversity in 

most European regions (Pärtel 2002, Ewald 2003). In some other roadside factors very low 

and very high values will reduce biodiversity, as often reported for disturbance by mowing, 

grazing, harrowing or fire; for mowing see Bernhardt-Römermann et al. (2011). This has been 

formulated as the ‘intermediate disturbance hypothesis’ as reviewed by Shea et al. (2004). 

Finally, there are ecological factors that in their extremes create suitable conditions for high 

biodiversity, for example, in very dry or very wet roadside habitats (Walter 2020). As described 

in Fig. 3 these ecological relationships will be stratified for each abiotic factor in three levels 

that have to be estimated by experts for the respective roadside habitat, and then can be used 

to generate cumulative scoring points for an integrative evaluation. 

 

Furthermore, a roadside classification should not only focus on species-richness or diversity, 

but also include endangered specialists and assess the occurrence of suitable habitats. This 

is covered by the (sub)categories suggested below in the EPICroads Classification System. It 

also needs to be weighed up where and where not quantitative road characteristics should be 

taken into account, e.g., road size and traffic volume, but so far it looks like these categories 

would in itself not add much to ecosystem performance and diversity at roadsides, and are 

actually covered by the selected combination of subcategories, for example on connectivity, 

contamination or disturbance. 

 

2 Classification system of roadside habitats  

2.1 Scope and approach of the classification system 

Based on the concept explained in Fig. 3, the main ecological factors that determine ecological 

quality of roadsides are included in the EPICroads Classification System. Within that system, 

three spatial categories are used, namely Landscape, Ecotone and Habitat, as explained to 

some more details within the EPICroads Guidelines (20211). The system of categories and 

subcategories is based on the extensive work of the EPICroads Consortium. However, in 

contrast to these documents, the information is condensed to a less detailed and more general 

system that can be easily applied by practitioners that classify roadside habitats based on 

(aerial) photos, maps, inventories, or simple records of habitat physiognomy, and that 
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eventually could be implemented in a smartphone app. Detailed species mapping or 

monitoring of interactions is beyond the scope of this classification system. We do also refrain 

from defining quantitative thresholds for most of the 14 subcategories, e.g., regional species 

pool, soil moisture or intensity of management (Table 2), since this has to be developed in 

region-specific classification tools for the respective European country or region. Thus, we 

would expect that road authorities and ecological consultancies, for example in Austria, 

Norway, Spain or The Netherlands, adapt the EPICroads Classification to their regional 

settings. 

 

Moreover, the evaluation of a given road must be done separately for each side of the road, 

since roadsides may have different properties and thus contrasting ecological value. Reasons 

for this can be differing abiotic conditions, individual development because of deviating 

management practices, or adjacent landscapes that influenced a roadside to develop 

differently. 

 

Table 2: Summary of the 14 ecological subcategories within the categories Landscape, Ecotone and 
Habitat, employed by the EPICroads Classification System for evaluation of roadside habitats. 

Subcategories                             Score 1 2 3 

Landscape 

A1 Ecological contrast habitat–landscape low or high - intermediate 

A2 Habitat quality in the surrounding landscape  low intermediate high 

A3 
Connectivity to adjacent habitats (lateral, 

longitudinal and/or across the road) 
one realised two three 

A4 The regional species pool   low intermediate high 

Ecotone 

B1 Longitudinal extent  <1 km 1–5 km >5 km 

B2 Lateral extent  <5 m 5–20 m >20 m 

B3 Steepness of slope <5% 5–20% >20% 

B4 Human influence    high intermediate low 

Habitat 

C1 Light intensity   0–40% 40–80% 80–100% 

C2 Water availability  mesic - dry or wet 

C3 Nutrient availability  high intermediate low 

C4 Soil pH <5.0 5.0–7.0 >7.0 
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C5 Degree of contamination  high intermediate low 

C6   Management    low or high - intermediate 

 

2.2 Category Landscape 

Landscape (A) contains the subcategories (A1) ecological contrast (based on vegetation and 

site characteristics) between road corridor and adjacent landscape, (A2) habitat quality in the 

surrounding landscape, (A3) connectivity to the adjacent habitat, and (A4) the regional species 

pool as source of biodiversity along roadsides. 

 

Ecological contrast (A1) stands for the amount of contrasting site conditions of the roadside 

compared to the surrounding landscape. The ecological conditions on a roadside can contrast 

from the adjacent landscape in plant and animal diversity, habitat composition and 

configuration. If there is only a minor difference of the ecological conditions at a roadside to 

the adjacent landscape, the roadside supports a certain amount of biodiversity and ecosystem 

services and will be awarded 1 point. If the roadside shows an extreme difference in ecological 

conditions, it cannot connect well to the adjacent landscape and therefore cannot support 

populations in the surrounding landscape, although it adds to some amount to the overall 

biodiversity. Thus, the roadside is again awarded 1 point. If the roadside shows an intermediate 

ecological contrast to the surrounding landscape, it still provides enough connectivity to benefit 

adjacent populations and can contribute to achieve an increased biodiversity and amount of 

ecosystem services in total. Thus, intermediate roadside–landscape contrasts will be awarded 

the highest evaluation with 3 points. 

 

Habitat quality in the landscape (A2) will also affect the ecological value of a roadside, since 

the adjacent landscape can accelerate the plant compositional changes towards late-

successional stages at the roadside, providing it with a diverse propagule pressure (García-

Palacios et al. 2001) and different degrees of landscape resistance (Fischer et al., in prep.). 

The nearby presence of designated NATURA 2000 protected areas also can positively 

influence the ecologic development of a roadside via plant and animal dispersal, and therefore 

shall also be considered. Thus, the levels 1–3 are assigned to the increasing numbers of 

habitats of good ecological quality and protected habitats in the vicinity of roadside habitats. 

Then, since in ascending order positively correlated with biodiversity and ecosystem services, 

these levels are awarded 1–3 points, respectively. 
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Connectivity to the adjacent habitat (A3) is negatively affected by fences, rail tracks, paths, 

powerlines, or any other barriers. Existing connectivity from one roadside to the other through 

wildlife crossing structures over or under the road are considered as positive landscape-

connecting elements. Increased structural connectivity (e.g., via steppingstones) is positively 

correlated with biodiversity and ecosystem services, since roadsides then may function as 

corridors for movement of plants and animals longitudinal and lateral to the road (Van 

Bohemen 1998). The more lateral connectivity on a roadside is present (a) along the road, (b) 

from the adjacent landscape to the roadside, and (c) from one roadside to the other side of the 

road through wildlife crossing structures over and under the road, the higher the connectivity 

of a roadside. If present, each factor (a, b, c) is awarded one point, resulting in a connectivity 

score of 1–3 points. 

 

The regional species pool (A4) of the roadside habitats reflects the potential biodiversity at 

roadsides that for most species are both site- and dispersal-limited (García-Palacios et al. 

2011). The more regional species there are compared to the area available at the roadside, 

the higher its ecological value. Therefore, the higher the regional species pool, the higher a 

roadside is given points accordingly from 1–3. Yet the occurrence of invasive species is 

considered as an indicator of reduced ecological value of roadsides, and thus should be 

considered in the evaluation of the regional species pool as a negative factor. 

2.3 Category ecotone 

Ecotone (B) contains the subcategories of (B1) longitudinal and (B2) lateral extent of the 

roadside, (B3) steepness across and along roadsides, and (B4) degree of human influence 

within the road corridor. 

 

Longitudinal extent (B1) stands for the length of a roadside habitat (type?) without any 

interruption by crossroads, bridges, or water bodies (not excluding human settlements, 

because city roadsides shall be included if possible). It will be measured in kilometres and 

divided into three levels (<1, 1–5, >5 km). The positive evaluation hereby correlates to the 

length, ascending from low to intermediate to high, since the longitudinal connectivity of a 

roadside as an ecotone positively impacts pollinator diversity (Holzschuh et al. 2010), enables 

pollinator movement (Cranmer et al. 2012), and thus presumably increases pollination in 

general (Hoehn et al. 2008, Townsend & Levey 2005). Similar patterns may be seen in other 

ecosystem services, that are positively correlated with length of a roadside. Thus, since 
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increasing longitudinal extent is positively correlated with biodiversity and ecosystem services, 

the levels 1–3 will be awarded with respective points. 

 

Lateral extent (B2) stands for the width of a roadside until its adjacent habitats (e.g. crop fields), 

urban boundary (e.g. parallel underlying road network, separation ditches on boundary 

property, separation fences, buildings, sidewalks) or any natural boundary (e.g. rivers, lakes, 

forests) outside the road corridor. It will be measured in metres and divided into three levels 

(<5, 5–20, >20 m). The positive evaluation hereby correlates to the width, ascending from low 

to intermediate to high. Plant biodiversity can be significantly increased by management 

methods that implement planting or preservation of different heights of vegetation. Yet, this 

has to be in accordance with existing safety restrictions for visibility for drivers (for roadkill see 

D’Amico et al. 2015), and therefore taller vegetation should only be established in ascending 

order further from the road (Keken at al. 2019). Thus, the wider the roadside is, the taller and 

more differentiated the vegetation can be. The more differentiated the roadside vegetation is, 

the more differentiated not only the plant biodiversity will be, but also its animal biodiversity 

(for small mammals see Ascensão et al. 2012). Since increasing lateral extent is positively 

correlated with biodiversity and ecosystem services the levels of 1–3 will be given the 

respective points. 

 

The steepness (B3) stands for the lateral or longitudinal difference between the maximum and 

minimum height versus the total width of the roadside. This estimate of the slope inclination 

within a road corridor needs not to distinguish between raised or lowered roads. Some 

steepness is considered as positive, because a steeper roadside increases abiotic gradients 

and thus the potential for habitat diversity, while habitat area and distance to the road are 

reduced. So, very steep roadsides may actually lead to increased contamination and higher 

road mortality. Moreover, these slopes have to be stabilised by engineering measures with 

metal nets or concrete constructions that reduce ecological habitat quality. Therefore, the 

positive evaluation ascends from level to intermediate slopes, while very steep slopes have 

reduced ecological value (<5, 5–20, >20%), resulting in 1 point for flat roadsides, 3 points for 

intermediate slopes, and 1 point for very steep slopes. 

 

Human influence (B4) within and beyond the road corridor stands for all human-made 

disturbance to wildlife through traffic noise, collision and artificial light (e.g., vehicle headlights, 

street lighting). It is an estimation parameter according to the predominantly negative effect of 

roads to animal abundance (Fahrig & Rytwinski 2009). Road noise intensity and frequency 
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cause disturbance of animals (McClure et al. 2013), and streetlights not only artificially 

illuminate the street, but often the roadsides as well, and therefore interfere with the nocturnal 

life of animals (Russart & Nelson 2018, Dupont et al. 2019). The negative evaluation correlates 

to the overall intensity of the human interference, ascending from low to intermediate to high. 

Since increasing human influence is negatively correlated with biodiversity and ecosystem 

services, the levels 1–3 will be used in descending point order from 3–1. 

2.4 Category habitat 

Habitat (C) comprises the subcategories of (C1) light intensity (aspect, angle and shadowing 

vegetation or other structures), (C2) water and (C3) nutrient availability, (C4) soil pH, (C5) 

degree of contamination and (C6) management intensity. These categories can be estimated 

based on in-situ measurements or indicator species. 

 

Light intensity (C1): Since light is a limiting factor in most plant species (and high light is 

beneficial to many ectothermic animals as well!) the amount of shade caused by shadowing 

vegetation or any other shading structures on a roadside negatively correlates with biodiversity 

and ecosystem services. The shading levels are set from level 1 = high light (0–20% shading), 

level 2 = intermediate light (20–60% shading) and level 3 = low light (60–100% shading). Thus, 

increasing shade levels are awarded descending points from 3–1. 

 

Water availability (C2): Highest plant competition is expected at mesic sites with an 

intermediate amount of water supply and thus in those conditions many subdominant and 

transient species are suppressed by fast and tall growing grasses, forbs and woody species. 

On the other hand, extreme hydric conditions (dry or wet) create suitable habitats for stress-

tolerating plants, for amphibia (very wet) or bees and wasps (very dry and warm; Heneberg et 

al. 2017). Thus, the negative quadric relation of water availability to biodiversity and ecosystem 

functions are awarded accordingly the highest points in the extremes: 3 points for low water 

availability, 1 point for intermediate water availability, and 3 points for high water availability on 

a given roadside, while there are close interactions with nutrient availability. 

 

Nutrient availability (C3): Based on the classical humped-back relationship of Grime’s 

understanding of plant competition, an increasing nutrient supply that drive productivity is 

expected to be negatively correlated with biodiversity of plants and ecosystem services also 

in any given roadside. Through the abundance of nutrients some plants will be able to use 

them to increase their growing speed and will suppress many competitors via light limitation 
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by growing faster and taller than them (Borer et al. 2014). Thus, increasing nutrient supply is 

awarded in decreasing point order from low = 3 points to intermediate = 2 points, and high = 1 

point. 

 

Soil pH value (C4) is positively correlated to vascular plant richness in most parts of Europe, 

as explained through eco-evolutionary history (Pärtel 2002) and normally only subdivided into 

low (≤5.5) and high pH (>5.5). However, we aim at a slightly more differentiated evaluation 

with acidic (pH < 5.0), near-neutral (5.0–7.0) and alkaline soil reaction (>7.0). Thus, the positive 

linear relationship between plant species density throughout the temperate zone (Ewald 2003) 

results in 1 point for acidic, 2 points for neutral, and 3 points for alkaline roadside habitats. 

Experts can either measure soil pH or use indicator plants and animals to evaluate a given 

roadside. 

 

Degree of contamination (C5) is often expensive to measure, but closely correlates with traffic 

volume and road width, since an increased amount of traffic is accompanied by an increased 

production of exhaust gases, rubber abrasion, heavy metal pollution, noise, and traffic light. 

Representing a negative linear correlation to biodiversity and ecosystem services, increasing 

contamination estimated through traffic volume is awarded in descending order 3 points for a 

low level of contamination, 2 points for an intermediate level of contamination, and 1 point for 

a high level of contamination. 

 

Management (C6): Connell’s classical ‘intermediate disturbance theory’ suggests highest 

species density of herbaceous plant communities at an intermediate level of disturbance, and 

in most cases the evidence in empirical studies is consistent with that prediction (Grace 1999). 

Mowing, grazing, pruning, coppicing, fire, herbicides, harrowing, soil disturbance (compaction 

by road maintenance vehicles), or any other management disturbance represent examples of 

these ecological disturbances that affect plants and animals in roadside habitats. Representing 

a quadric relation to biodiversity and ecosystem services, the three ascending levels of 

management are awarded accordingly 1 point for low intensity, 3 points for intermediate 

intensity, and 1 point for high management intensity. 

 

3 Category evaluation 

The goal of the EPICroads Classification System is an easy-to-read evaluation of roadside 

biodiversity, ecological functions and ecosystem services (Table 2), that can be translated into 
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an overall point score (Fig. 4), and that can be expressed via a colour-coded system (Fig. 5), 

as for example done in the European river assessment reports. The subcategories of the 

classification system are rated in three levels as seen above, i.e., low, intermediate, and high. 

Each level is assigned points, as specified for each subcategory in Section 2. As the suggested 

system has 14 subcategories it results in 14–42 possible points per road section of 100–1000 

m.  

 

 

Figure 4: Roadside habitat point score overview of the EPICroads Classification System (for details of 
the scoring system see Table 2; examples in Fig. 6, 7). 

 

These scores are synthesised in five classes of ecological quality of roadside habitats as 

shown in Fig. 5, i.e., very poor (14–19), poor (20–25), moderate (26–31), good (32–37) and 

very good (38–42). However, in many roadside surveys it might not be possible to get reliable 

estimates for all 14 subcategories. In that case the sum of points can be transformed in 

percentage values based on the highest possible score with the categories used, i.e., very 

poor (33–45%), poor (46–58%), moderate (59–71%), good (72–84%) and very good (85–

100%). The potential ecological value of a roadside can then be presented as a colour-coded 

system (red, orange, yellow, light green, dark green) in maps and used for regional and 

European statistics. 

 

 

Figure 5: Roadside habitats point bar including the suggested colour code of the EPICroads 
Classification System. 
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Figure 6: Two examples of applying the EPICroads Classification System at roadside habitats (a) 
near Copenhagen Airport (E Denmark), and (b) near Weinsberg (S Germany; photos J. Kollmann and 
J.C. Habel). Evaluation scores: Landscape ecological contrast (3 vs 3 points), habitat quality within 

the landscape (1 vs 2), connectivity to habitats outside the road corridor (1 vs 2), and regional species 
pool (2 vs 2); ecotone longitudinal (2 vs 3) and lateral extent (3 vs 3), steepness (3 vs 3), and human 

influence (1 vs 2); and habitat light (3 vs 3), water (1 vs 3), nutrients (1 vs 3), soil pH (2 vs 3), 
contamination (1 vs 3), and management (3 vs 3). This results in 27 of 42 possible points for the 

Copenhagen case (=64%: ‘moderate value’), and 38 in the Weinsberg case (90%: ‘very high value’). 
For further description of the (sub)categories and scores see Table 2 and Section 2. 
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Figure 7: Another two examples of applying the EPICroads Classification System at roadside habitats 
(c, d) near Krakow (S Poland; photos M. Drąg). Evaluation scores: Landscape ecological contrast (1 

vs 3 points), habitat quality within the landscape (1 vs 2), connectivity to habitats outside the road 
corridor (2 vs 2), and regional species pool (1 vs 2); ecotone longitudinal (2 vs 1) and lateral extent 
(1 vs 2), steepness (1 vs 3), and human influence (2 vs 2); and habitat light (3 vs 3), water (1 vs 1), 

nutrients (1 vs 2), soil pH (2 vs 3), contamination (2 vs 2), and management (3 vs 3). This results in 23 
of 42 possible points for the c case (=55%: ‘poor value’), and 31 in the d case (74%: ‘moderate value’). 

For further description of the (sub)categories and scores see Table 2 and Section 2. 

c 

d 
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4 Discussion and application 

4.1 Habitat conservation in Europe 

Most countries in Europe do habitat conservation along two or three parallel tracks. These 

include both conservation-based on habitat types (biotopes) and conservation-based on areas 

of value not based on defined habitat types. This may be also considered for roadsides. 

 

First, there is the Natura 2000-system, which is formally in common for all EU countries, but 

which also clearly includes national specialties, brought into the system together with new 

member states. Western taiga and wooded pastures of Fennoscandian type are two examples 

introduced when Sweden and Finland became members. This system is thought to cover most 

of the biodiversity within EU, and thus includes most identifiable habitats of high or moderate 

importance for biodiversity, or that for some other reason is seen as important for European 

(or national) nature. The different habitats fall into two classes of priority for budget and 

measures. Apart from those two priority classes, there is no value ranking of the habitats. A 

certain proportion of the national area of each habitat type should be identified and protected 

as N2000 sites. There is no value ranking of sites within each habitat type, but the conservation 

status of each site is assessed regularly based on a set of habitat-specific criteria, mainly 

structure/value elements, key processes and typical species. The total conservation status of 

a habitat type in a country is assessed by combining all site assessments with the habitat area 

(checked against a desired reference area), by producing six-yearly statutory reports within 

the member states to the EU. 

 

Secondly, national systems for habitat classification complement the Nature 2000 system in 

many countries. This is mainly for applied purposes, for example a system set up for a certain 

type of land-use, such as for biodiversity landscape planning in forestry, or for an inventory, 

such as the Swedish national survey of semi-natural grassland. Such national classification is 

normally more detailed than the N2000 system and also serves to cover nature outside of the 

N2000 sites. Some national classification also remains from earlier traditions, such as 

phytosociological systems still being common in some countries. In some countries, e.g., 

Germany and Austria, national classification systems are made for the purpose of red-listing 

of habitats. 

 

Thirdly, the mere biodiversity value of sites, irrespective of habitat class, is the basis for much 

conservation. For example, outside of the N2000 sites, most nature reserves in Sweden are 
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identified based on biodiversity value of a certain place, linked to the national conservation 

policy, national red lists etc. Some parts, or all, of an identified site of value may be assigned 

to a N2000 habitat, while this habitat type is not the primary reason for protecting the site. 

Consequently, the sites are also managed based on local conditions, best practice etc., not 

primarily on, for example, the conservation status criteria of the N2000 system. 

 

This kind of conservation, not being based on habitat types, is essential for biodiversity 

conservation, for several reasons. One is that nature is more complicated than any system for 

habitat classification, and therefore, more detailed information on a site is needed to manage 

it properly. Similarly, if habitat classes are rather broad, it is frequently not desirable to assign 

a patch of nature to a certain habitat type and manage it according to a fixed habitat-specific 

scheme, but to use a more flexible and pragmatic management approach. 

 

Roadsides are not included in the N2000 system and not part of the official national systems, 

and the suggested EPICroads Classification System thus fills a major gap in conservation and 

restoration planning of European roadside habitats. 

4.2 Introductory problems of the N2000-system 

The introduction of the N2000-system in Europe’s countries caused a lot of complications in 

existing nature reserves, since often it has to be chosen a habitat type for nature that was 

something in between two types, and that had been managed accordingly. Another reason is 

that most classification systems contain bugs that may have severe effects on conservation. 

One example is a collaboration of the Swedish Biodiversity Centre (SLU) with the Norwegian 

Institute of Bioeconomy Research (NIBIO) around high-value meadows. The finest meadows 

had been identified and management plans were set up for each. However, most meadows 

appeared to have a history of occasional plowing – probably that has contributed to their 

species richness. The problem was that at the time, the Norwegian system for habitat 

classification early in the decision tree differentiated between cultivated and non-cultivated 

habitats, where the meadows could only occur in the latter group. Thus, the high-value 

meadows were not ‘meadows’ according to the classification system, which would be 

deleterious if conservation had been based entirely on the habitat classification. 

 

Similar issues can occur when evaluating roadside habitats. Thus, these types of 

complications were deliberately avoided when developing the flexible EPICroads Classification 

System. 
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4.3 Swedish roadside program vs EPICroads Classification System 

In Sweden, the identification of high-value road verges is not based on habitat classification, 

but on measuring several value criteria. This works fine but is time-consuming (see 

Appendices 1 & 2), and there is a need for complementing the survey method with a 

classification system that makes it easier to do a fast survey of the road network. Habitat 

classes would also be valuable for assigning proper management for each road verge, since 

a number of habitats could be linked to specific packages of management measures, such as 

cutting regime. There is, in other words, a need for understanding the ecology behind the value 

criteria in the existing survey system and to assemble that knowledge into habitat classes 

together with descriptions of each habitat’s ecology. 

 

Therefore, the EPICroads Classification System explains the scientific and conceptual 

background behind each of its value criteria. It may be applied in Europe outside of any 

European-wide or country-specific habitat classification system and sets the base for 

subsequent best management practices in a simplified manor. 

4.4 Roadside habitat type vs evaluation 

It is important to separate habitat classification, habitat-value ranking, and site-value ranking. 

Habitat-value ranking has a limited significance, since in all biomes, the habitats complement 

each other and together cover the biome’s biodiversity. It is, for example, not relevant to say 

that species-rich calcareous fens are more valuable than species-poor raised bogs, since they 

host different sets of the total species pool. Value ranking of sites within a habitat type, 

however, is of course important, for example in order to prioritize conservation measures.  

 

So, what is needed for practical conservation by road authorities is a system for classifying 

and evaluating roadsides as habitats, including a description of what makes the habitat 

ecologically functional. Through the description of each evaluation category of the EPICroads 

Classification System each roadside can be easily characterised and evaluated, and that 

description and evaluation can thus be used to assess the conservation status of roadside 

habitat patches or sites, and the need for appropriate management or restoration measures. 

4.5 Actual vs potential habitat status of roadsides 

Perhaps the most essential question when creating a classification system for roadsides is 

whether it should distinguish between current state and the potential for biodiversity and 
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ecological functions after modifying site conditions, adapting management, and introducing 

species. A caveat is for example variation in biodiversity of roadside habitats due to landscape 

history, since current connectivity does not necessarily reflect past conditions. However, for 

many sites information on historical landscapes and past biodiversity may not be available or 

too difficult to trace within a rapid roadside evaluation. To cope with this challenge, our system 

deliberately combines indicators of actual (e.g., soil productivity) and potential (regional 

species pool) state. Thus, the system should be able to deliver an integrative ecological 

assessment with robust results, respecting and also including aspects of past and future value 

of roadside habitats. This delivers the foundation for choosing best management practices 

suitable to maintain and also to foster the potential value of a particular roadside for biodiversity 

and ecosystem services. 

 

5 Acknowledgement 

The research presented in this report was carried out as part of the CEDR Transnational 

Road Research Programme Call 2016. The funding for the research was provided by the 

national road administrations of Austria, Germany, Ireland, Netherlands, Norway, Slovenia, 

and Sweden. We acknowledge constructive comments by Anders Sjölund, Elke Hahn, Pia 

Bartels and Toine Morel that helped improving the quality of this document. 

 

6 References 

Angelstam P, Khaulyak O, Yamelynets T, Mozgeris G, Naumov V, Chmielewski T, Elbakidze M, Manton 

M, Prots B, and Valasiuk S (2017) Green infrastructure development at European Union's eastern 

border: Effects of road infrastructure and forest habitat loss. Journal of Environmental Management 

193:300-311 

Ascensão F, Clevenger AP, Grilo C, Filipe J, and Santos-Reis M (2012) Highway verges as habitat 

providers for small mammals in agrosilvopastoral environments. Biodiversity and Conservation 

21:3681-3697 

Bernhardt-Römermann M, Römermann C, Sperlich S, and Schmidt W (2011) Explaining grassland 

biomass – the contribution of climate, species and functional diversity depends on fertilization and 

mowing frequency. Journal of Applied Ecology 48:1088-1097 

BfN (2017) Rote Liste der gefährdeten Biotoptypen Deutschlands – dritte fortgeschriebene Fassung 

2017. Naturschutz und biologische Vielfalt:637 

Borer ET, Seabloom EW, Gruner DS, Harpole WS, Hillebrand H, Lind EM, Adler PB, Alberti J, Anderson 

TM, Bakker JD, Biederman L, Blumenthal D, Brown CS, Brudvig LA, Buckley YM, Cadotte M, Chu 

C, Cleland EE, Crawley MJ, Daleo P, Damschen EI, Davies KF, Decrappeo NM, Du G, Firn J, Hautier 

Y, Heckman RW, Hector A, Hillerislambers J, Iribarne O, Klein JA, Knops JMH, La Pierre KJ, Leakey 

ADB, Li W, MacDougall AS, McCulley RL, Melbourne BA, Mitchell CE, Moore JL, Mortensen B, 

O'Halloran LR, Orrock JL, Pascual J, Prober SM, Pyke DA, Risch AC, Schuetz M, Smith MD, Stevens 



 
 
CEDR Call 2016: Biodiversity 

23 
 

CJ, Sullivan LL, Williams RJ, Wragg PD, Wright JP, and Yang LH (2014) Herbivores and nutrients 

control grassland plant diversity via light limitation. Nature 508:517-520 

Bromley J, McCarthy B, and Shellswell C (2019) Managing UK grassland road verges - a best practices 

guide. Plantlife, Salisbury 

Cranmer L, McCollin D, and Ollerton J (2012) Landscape structure influences pollinator movements and 

directly affects plant reproductive success. Oikos 121:562-568 

D’Amico M, Roman J, De Los Reyes L, and Revilla E (2015) Vertebrate road-kill patterns in 

Mediterranean habitats: Who, when and where. Biological Conservation 191:234-242 

Dupont SM, Guinnefollau L, Weber C, and Petit O (2019) Impact of artificial light at night on the foraging 

behaviour of the European Hamster: consequences for the introduction of this species in suburban 

areas. Rethinking Ecology 4:133-148 

Eversham BC, and Telfer MG (1994) Conservation value of roadside verges for stenotopic heathland 

Carabidae: corridors or refugia? Biodiversity & Conservation 3:538-545 

Ewald J (2003) The calcareous riddle: Why are there so many calciphilous species in the Central 

European flora? Folia Geobotanica 38:357-366 

Fahrig L, and Rytwinski T (2009) Effects of roads on animal abundance: an empirical review and 

synthesis. Ecology and Society 14 

García-Palacios P, Bowker MA, Maestre FT, Soliveres S, Valladares F, Papadopoulos J, and Escudero 

A (2011) Ecosystem development in roadside grasslands: biotic control, plant–soil interactions, and 

dispersal limitations. Ecological Applications 21:2806-2821 

Grace JB (1999) The factors controlling species density in herbaceous plant communities: an 

assessment. Perspectives in Plant Ecology, Evolution and Systematics 2:1-28 

Hansen MJ, and Clevenger AP (2005) The influence of disturbance and habitat on the presence of non-

native plant species along transport corridors. Biological Conservation 125:249-259 

Heneberg P, Bogusch P, and Řezáč M (2017) Roadside verges can support spontaneous establishment 

of steppe-like habitats hosting diverse assemblages of bees and wasps (Hymenoptera: Aculeata) in 

an intensively cultivated central European landscape. Biodiversity and Conservation 26:843-864 

Hoehn P, Tscharntke T, Tylianakis JM, and Steffan-Dewenter I (2008) Functional group diversity of bee 

pollinators increases crop yield. Proc of the Royal Society B: Biological Sciences 275:2283-2291 

Holzschuh A, Steffan-Dewenter I, and Tscharntke T (2010) How do landscape composition and 

configuration, organic farming and fallow strips affect the diversity of bees, wasps and their 

parasitoids? Journal of Animal Ecology 79:491-500 

Ibisch PL, Hoffmann MT, Kreft S, Pe’er G, Kati V, Biber-Freudenberger L, Dellasala DA, Vale MM, 

Hobson PR, and Selva N (2016) A global map of roadless areas and their conservation status. 

Science 354:1423 

Keken Z, Sedoník J, Kušta T, Andrášik R, and Bíl M (2019) Roadside vegetation influences clustering 

of ungulate vehicle collisions. Transportation Research Part D: Transport and Environment 73:381-

390 

Larsen BH, and Gaarder G (2012) Artsrike vegkanter – metodeutvikling og evaluering av kartlegging i 

2012. Miljøfaglig Utredning, report 2012-40, ISBN 978-82-8138-615-0 

Laurance WF, Clements GR, Sloan S, O’Connell CS, Mueller ND, Goosem M, Venter O, Edwards DP, 

Phalan B, Balmford A, Van Der Ree R, and Arrea IB (2014) A global strategy for road building. Nature 

513:229-232 

Lindgaard A, and Henriksen S. (2011) Norwegian Red List for Ecosystems and Habitat Types 2011.  

Lindqvist M, Johansson G, Ek J, Adelsköld T, Borlid J, Borlid J, Karlson L, and Röstell Å (2012) Metod 

för översiktlig inventering av artrika vägkantsmiljöer In: Trafikverket, (ed). Trafikverket, Göteborg 

Major RE, Smith D, Cassis G, Gray M, and Colgan DJ (1999) Are roadside strips important reservoirs 

of invertebrate diversity? A comparison of the ant and beetle faunas of roadside strips and large 

remnant woodlands. Australian Journal of Zoology 47:611-624 



 
 
CEDR Call 2016: Biodiversity 

24 
 

McClure CJW, Ware HE, Carlisle J, Kaltenecker G, and Barber JR (2013) An experimental investigation 

into the effects of traffic noise on distributions of birds: avoiding the phantom road. Proceedings of 

the Royal Society B: Biological Sciences 280:20132290 

Meijer JR, Huijbregts MaJ, Schotten KCGJ, and Schipper AM (2018) Global patterns of current and 

future road infrastructure. Environmental Research Letters 13:064006 

Miljødirektoratet (2018) Kartleggingsinstruks - Kartlegging av Viktige naturtyper for naturmangfold etter 

NiN2 2018. M-1102. Miljødirektoratet Norway 

Miljødirektoratet (2020) Kartleggingsinstruks - Kartlegging av Naturtyper etter NiN2 i 2020. M-1102. 

Miljødirektoratet Norway 

Pärtel M (2002) Local plant diversity patterns and evolutionary history at the regional scale. Ecology 

83:2361-2366 

Russart KLG, and Nelson RJ (2018) Artificial light at night alters behavior in laboratory and wild animals. 

Journal of Experimental Zoology Part A: Ecological and Integrative Physiology 329:401-408 

Shea K, Roxburgh SH, and Rauschert ESJ (2004) Moving from pattern to process: coexistence 

mechanisms under intermediate disturbance regimes. Ecology Letters 7:491-508 

Townsend PA, and Levey DJ (2005) An experimental test of whether habitat corridors affect pollen 

transfer. Ecology 86:466-475 

Truscott A-M, Palmer S, Mcgowan G, Cape J, and Smart S (2005) Vegetation composition of roadside 

verges in Scotland: the effects of nitrogen deposition, disturbance and management. Environmental 

Pollution 136:109-118 

Van Bohemen HD, and Janssen Van De Laak WH (2003) The Influence of road infrastructure and traffic 

on soil, water, and air quality. Environmental Management 31:0050-0068 

Van Bohemen HD (1998) Habitat fragmentation, infrastructure and ecological engineering. Ecological 

Engineering 11:199-207 

Vermeulen HJW (1993) The composition of the carabid fauna on poor sandy road-side verges in relation 

to comparable open areas. Biodiversity & Conservation 2:331-350 

Walter J (2020) Dryness, wetness and temporary flooding reduce floral resources of plant communities 

with adverse consequences for pollinator attraction. Journal of Ecology 108:1453-1464 



 
 
CEDR Call 2016: Biodiversity 

25 
 

Annex A: Swedish roadside protocol (p. 1–2) 
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Annex B: Swedish roadside evaluation matrix 

 


