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A B S T R A C T   

Facing global climate change is a great challenge for organisms. Numerous species respond to a 
changing climate by shifting their geographical ranges, adapting to the local climate or finding 
microrefugia to persist under unfavorable macroclimatic conditions. Orchids are frequently found 
in roadside verges, and it was demonstrated that roadsides could serve as refugia for them in a 
changing landscape. We investigated whether roadside slopes, facing different compass directions 
could serve as microrefugia for orchids, using our database spanning across 18 European coun
tries. Our results showed that the probability of orchid occurrence in north-facing roadside slopes 
are greater than on south-facing slopes. Further, we found a significant difference in the proba
bility of orchid occurrence in different exposures under unfavorable macroclimatic conditions. In 
south-facing slopes, the probability of orchid occurrence decreased with increasing annual mean 
temperature and increasing precipitation seasonality. This suggests that harsh microclimatic 
environments intensify the negative effects of the macroclimate in south-facing slopes. Moreover, 
roadside slopes with cooler microclimatic conditions might facilitate the persistence of orchids 
under a warming and increasingly stochastic climate.   
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1. Introduction 

The harmful effects of increasing global temperature on biodiversity are well documented (Thomas et al., 2004; Butchart et al., 
2010; Pecl et al., 2017). Since climatic conditions largely determine the geographical distribution of species, climate change has a large 
impact on biodiversity (Pearson and Dawson, 2003), not only by forcing species to shift their geographical ranges or driving local 
extinctions, but also by affecting the phenology or physiology of species, by changing community structures as well as ecosystem 
functions (Bellard et al., 2012). The disappearance of local, endemic taxa, as well as a reduced resistance and resilience of ecosystems 
are becoming more and more common due to climate change (Jump and Peñuelas, 2005). The general response of species to changing 
climatic conditions is to shift their range polewards or to higher altitudes (Parmesan and Yohe, 2003). 

Whilst orchids are the most diverse and widespread family of flowering plants (Swarts and Dixon, 2009), they appear highly 
vulnerable to several factors, such as climate change, habitat destruction and disappearance of specific pollinators (Cribb et al., 2003; 
Kull and Hutchings, 2006). Moreover, orchids depend greatly on a diverse set of pollinators and mycorrhizal fungi (Waterman and 
Bidartondo, 2008), making them excellent biodiversity indicators (Swarts and Dixon, 2009). During the last 30 years, populations of 
several European terrestrial orchids have continued to decline due to climate change, habitat loss and/or fragmentation, thus, 
nowadays conservation efforts aiming to protect and preserve them are widespread (Sletvold et al., 2013). Orchids are influenced by 
climate change in several ways. First, precipitation deficiency could result in insufficient root development and limited nutrient 
storage (Rasmussen, 1995; Wells et al., 1998). Second, increased climate stochasticity could expose seedlings to heat shock and high 
temperatures could prevent orchids from finishing their vegetative life cycle successfully (Hutchings, 2010). Similarly, stochasticity in 
precipitation will likely affect terrestrial orchids, through imbalances in soil moisture (causing e.g., root rot or dehydration), vege
tation and microclimate of habitats (Bates et al., 2008). Furthermore, extreme rainfall events can increase the probability of erosion, 
which might affect orchid populations growing on steep slopes. Due to these reasons, the attention of conservationists is increasingly 
turning towards the discovery of potential climatic refugia for species that might facilitate their survival under rising temperatures 
(Taberlet and Cheddadi, 2002; Hampe and Petit, 2005). 

Despite the rarity and vulnerability of orchids, many species are known to colonize anthropogenic habitats in great numbers. 
Orchids produce microscopic seeds, that are effectively dispersed by the wind (Arditti and Ghani, 2000) facilitating the colonization of 
new habitat patches. This high dispersal potential could be a key reason explaining the high likelihood of orchid presence in disturbed 
anthropogenic habitats. Several anthropogenic areas were shown to provide habitat for orchids, including cemeteries (Löki et al., 
2015, 2019a, 2019b; Molnár et al., 2017a, 2017b), poplar plantations (Süveges et al., 2019; Molnár V. et al., 2022), orchards (Delforge, 
2006), abandoned mines (Esfeld et al., 2008; Shefferson et al., 2008), urban habitats (Rewicz et al., 2017), as well as roadsides (Fekete 
et al., 2017; Bódis et al., 2018; Fekete et al., 2019; Fekete et al., 2020). Roadside verges could serve as a new niche to be colonized by 
the wind-dispersed seeds of orchids. Furthermore, regular mowing of roadsides could facilitate the persistence of orchids of 
semi-natural grasslands (Fekete et al., 2017), since mowing in natural grasslands was also proved to be beneficial for orchid survival 
(Janečková et al., 2006; Sletvold et al., 2010). Colonization of roadsides by orchids has long been known in the Mediterranean region 
(Federici and Serpieri, 1868; Turrill, 1932; Brandes, 1988a, 1998b), while more recent evidence shows that the phenomenon is also 
present in Central- (Bódis et al., 2018; Fekete et al., 2020) and Northern-Europe (Gardiner and Vaughan, 2009). Roadside verges are 
generally only narrow grassland fragments, but they provide remarkably diverse environmental and microclimatic conditions. 
Consequently, roadsides can serve as habitats for a diverse set of orchid species with various habitat needs, including grassland- and 
forest-specialists, as well as species with wide ecological tolerance (Fekete et al., 2020). 

Roadsides are generally categorized as small natural features (SNFs). Similarly, to other SNFs, such as midfield islets, burial mounds 
(Deák et al., 2016) or karst dolines (Bátori et al., 2019), roadsides are often characterized by a complex topography and a microclimate 
that differs from the surrounding areas, especially due to the special biotic and abiotic conditions at these sites (Deák et al., 2016; 
Hunter et al., 2017; Bátori et al., 2019). Special conditions mean that due to the slope steepness, the different exposition and growing 
light intensity, their vegetation often differs from the surroundings. Despite their limited spatial extent, SNFs have a great ecological 
importance, especially by providing refuge for various plant and animal species (Hunter et al., 2017). It was also reported that the 
special microclimate of SNFs has an important role in locally mitigating the negative effects of climate change (Keppel et al., 2012; 
Bátori et al., 2019). SNFs are often characterized by a great environmental heterogeneity, being one of the most important factors 
shaping biodiversity (Tamme et al., 2010). For instance, roadside slopes facing different compass directions often manifest highly 
different microclimates. Previous studies have shown remarkable difference in temperature (12 ◦C and 8 ◦C), between neighboring 
north- and south-facing slopes, suggesting a potential microrefugial role of roadsides (Rorison et al., 1986; Ackerly et al., 2010). McKee 
et al. (1965) showed a 40◦F (4.4 ◦C) difference of the soil surface temperature between south- and north-facing highway slopes. 
Temperature is one of the most important climate element that depends on solar radiation, which is modified by the exposition of 
slopes. It means that insolation is the most intensive on slopes with southern exposition, while the least intensive on northern slopes 
(Bárány-Kevei, 1999). 

However, the term “refugium” was originally referred to locations where a species survived the last glacial period, now this term is 
generally used in a wider sense: meaning areas (even small habitat patches) that are able to buffer the unfavorable effects of global 
climate change (Ashcroft, 2010). Climate refugia are considered as a “slow lane”, which means areas that remain relatively buffered 
from the effects of climate change playing a vital role in retaining biodiversity and ecosystem function in a rapidly changing regional 
environment (Morelli et al., 2020). These refugia can safeguard species for longer periods, or, they can be transient, however, equally 
important, as they can sustain populations at the margins of species’ distributions in a changing landscape (McLaughlin et al., 2017). 
Here we conduct a field survey of orchids on roadsides across 18 European countries over six years. The central aim of our study was to 
explore how local climatic or microclimatic conditions influence the presence of orchids on roadsides, and to test whether roadside 
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slopes could function as microrefugia for orchids. We investigate whether orchids are countering the effect of unfavorable macro
climatic conditions by colonizing roadside slopes with more favorable microclimates. Therefore, we tested the following hypotheses: 
(1) The probability of orchid occurrence is higher in roadsides with northern exposure (in the northern hemisphere). (2) In regions of 
higher annual mean temperature, the probability of orchid occurrence will be lower on slopes of southern exposure, but higher on 
slopes of northern exposure. (3) In regions of higher precipitation seasonality, the probability of orchid occurrence will be lower on 
slopes of southern exposure, but higher on slopes of northern exposure. (4) In regions of higher annual precipitation, the probability of 
orchid occurrence will be higher, regardless of exposure. 

2. Materials and methods 

2.1. Road surveys 

Road surveys were carried out between 2013 and 2018 in the following European countries: Albania, Austria, Bosnia and Her
zegovina, Croatia, Cyprus, France, Greece (Crete and Lesbos), Hungary, Ireland, Italy, Kosovo, Montenegro, Romania, Serbia, Slovakia, 
Slovenia, Spain, United Kingdom. We used two types of sampling protocols. First, we conducted systematic sampling by driving along 
asphalt roads and we stopped at every 5 km (except in Lesbos, where we stopped at every 2 km due to the small area of the island). 
Second, we conducted non-systematic sampling, when we stopped at sites where orchids were spotted on the roadside while driving. 
Road segments were selected to be representative to the whole country regarding different elevations (except for three countries, Italy, 
Bosnia Herzegovina and Croatia, where we already knew the exact localities of Himantoglossum species on roadsides). We selected road 
segments where it was allowed to stop (we skipped motorways). Details of the sampling localities and sampling periods are given in  
Table 1. At every sampling point we recorded geographic coordinates (WGS84 format) and altitude (m) using a handheld Garmin E- 
Trex Legend GPS device. At each location, we registered the dominant exposure of the slope (in degrees) using a compass. Using these 
data, we later categorized exposure to the four (N, E, S, W) and eight (N, NE, E, SE, S, SW, W, NW) main compass points. At each 
sampling location, we surveyed roadsides for orchids on a 50 m long road section on both sides of the road (but in most cases only one 
side was a slope and the other was flat). The width of the surveyed roadside usually spanned 0.1–10 m, delimited by the roadway on 
one side and ditches, walls, or taller vegetation on the other. We recorded the presence/absence of orchids and where orchids were 
present, the number of specimens belonging to each detected species. Orchid species identification was done following Delforge 
(2006), and the nomenclature used in this study follows the same source. In some cases, identification of orchids to the species level 
was not possible due to their vegetative phenological state. In those cases, we counted the number of individuals, and were only 
considered in the overall count of orchid individuals. 

2.2. Climatic data 

Data on climate was extracted for each sampling point in our dataset from the WorldClim v.2 database (Fick and Hijmans, 2017), 
using a 2.5 min resolution. The bioclimatic variables are calculated from average monthly temperature and rainfall values between 
1970 and 2000. Only three variables were chosen that were considered relevant, namely annual mean temperature (◦C) (BIO1), annual 
precipitation (mm) (BIO12) and precipitation seasonality (coefficient of variation: the standard deviation of the monthly precipitation 

Table 1 
Summary of roadside surveys.  

Country Year of surveys Number of non-systematic sampling 
points 

Number of systematic sampling 
points 

All sampling points 

Hungary 2013–2015, 
2017–2018  

24  159  183 

Croatia 2014, 2016  15  0  15 
Albania 2015  7  0  7 
Italy 2015, 2016  10  0  10 
Bosnia and 

Herzegovina 
2013–2015, 2017  13  0  13 

Kosovo 2015  3  0  3 
Montenegro 2015  18  0  18 
Serbia 2015–2016  30  0  30 
Ireland 2016  23  0  23 
United Kingdom 2016  27  0  27 
Cyprus 2016–2017  62  118  180 
Spain 2016  30  0  30 
France 2016  49  0  49 
Austria 2017  0  51  51 
Slovenia 2017  1  71  72 
Slovakia 2017  0  88  88 
Romania 2017  4  88  92 
Greece (Crete, Lesbos) 2017–2018  72  323  395 
Summary   388  898  1286  

R. Fekete et al.                                                                                                                                                                                                         



Global Ecology and Conservation 47 (2023) e02642

4

estimates expressed as a percentage of the mean of those estimates) (BIO15). Bioclimatic data was extracted using the raster (Hijmans 
and van Etten, 2012) and sp (Pebesma et al., 2012) packages in R v. 4.1.3 statistical software (R Core Team, 2022). 

2.3. Data analyses 

Data analyses were carried out in the R v. 4.1.3 statistical software (R Core Team, 2022). We built four generalized linear mixed 
models (GLMM) with binomial distribution using the package merTools (Knowles et al., 2016) and package car (Fox et al., 2012). In the 
models, presence/absence was the dependent variable, thus only the systematic data was used. First, to explore if orchids had an 
overall preference for certain slope exposures, we built a single-predictor GLMM. In this model we used exposure of slopes as a 
predictor (model 1). In case of model 1, differences in predictor levels were explored using Post-hoc Tukey tests performed using the 
emmeans R package (Lenth et al., 2020). Secondly, to test whether the probability of orchid occurrence is lower on slopes with southern 
exposure in regions where annual mean temperature was higher, we updated the base model. Here we used the interaction between the 
exposure of the slope and local annual mean temperature as a predictor (model 2). Third, to test whether in regions of higher pre
cipitation seasonality the probability of orchid occurrence was lower on slopes of southern exposure, we built a model, where we used 
the interaction between the exposure of the slope and local precipitation seasonality as explanatory variable (model 3). Lastly, to 
determine whether annual precipitation affects the distribution of orchids across slopes with various exposure, we built a fourth model. 
Here we used the interaction between the exposure of the slope and local annual precipitation as explanatory variable (model 4). Thus, 
the effects of different cardinal directions were analyzed by including their interaction with the bioclimatic variables as predictors in 
the models. In case of the models where interactions were the predictors, we used lstrends functions from lsmeans R package (Lenth and 
Lenth, 2018) for pairwise comparisons. 

For the analyses of the number of species, we built four (model 5,6,7,8) zero-inflated GLMMs with negative binomial error dis
tribution, using the glmmTMB function (glmmTMB R package, Brooks et al., 2017). We used the number of species as a dependent 
variable and the same predictors and post-hoc tests as in the case of presence/absence models. 

Finally, we built four (model 9,10,11,12) zero-inflated GLMMs with negative binomial error distribution, using also the glmmTMB 
function. We used the number of individuals as a dependent variable and the same predictors and post-hoc tests as in the case of the 

Fig. 1. Road surveys covering 18 European countries showing systematic sampling points (which were 5 km distance from each other including 
points with orchid presence and absence) and non-systematic sampling points (points where orchids were spotted from the car, in this way con
taining only sampling points with orchid presence). 
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above mentioned models. In all of the models, we used country as a random factor. In case of the zero-inflated models, we included the 
results of both the zero-inflated and conditional models in Table S3. Table S1 contain all underlying data analysed here. 

3. Results 

3.1. Overview of road surveys 

During fieldwork we surveyed a total of 1286 sampling points (470 non-systematic and 816 systematic) in 18 European countries 
(Fig. 1). We found orchids at 238 (29 %) of the systematic sampling points. Overall, we documented 8531 individual orchids, 
belonging to 133 orchid taxa (Table S2). Ophrys was represented by the most diverse species set on roadsides, represented by 56 
species, most of which were found in the Mediterranean region. Dactylorhiza fuchsii was the most abundant species in roadsides in six 
countries, with a total number of 1014 individuals recorded. Himantoglossum robertianum was the most frequently registered species 
across sampling points (100 non-systematic and systematic, combined), but it was found in only three countries. Neottia ovata was the 
most widespread species found in 12 countries. The species diversity of orchids detected in some countries was remarkably high, in 
Cyprus we found 20 orchid species at roadsides that represented the 38% of the island’s orchid flora. 

Orchid taxa of high conservation importance detected on roadsides include endangered species, such as Epipactis veratrifolia, 
Gymnadenia austriaca and G. lithopolitanica, vulnerable species like Orchis boryi and O. punctulata or the near threatened Epipactis 
microphylla, Limodorum abortivum var. trabutianum, Orchis morio and Ophrys kotschyi (IUCN, 2021). Furthermore, we found a number of 
locally rare orchid taxa at roadsides, including Gymnadenia × suaveolens in Austria or Orchis mascula in Slovakia, a species that is near 
threatened according to the Red List of vascular plants of the Carpathian part of Slovakia (Turis et al., 2014). Additionally, we 
documented Platanthera chlorantha in roadsides of Hungary, a species listed as near threatened according to the Red list of the vascular 
flora of Hungary (Király, 2007). 

Orchids were most numerous on north-facing slopes represented by 1979 individuals, followed by 1255 individuals on west-facing 
slopes, 942 on east-facing and 596 individuals on south-facing slopes. (Fig. 2.). The rest of the individuals (3759) were found at flat 
sites, not exposed to any particular compass direction. 

3.2. Microclimatic analyses 

3.2.1. Probability or presence 
Table S3 contains the results of all models. We found a significant difference between the probability of presence of orchids in the 

four cardinal directions. Post-hoc tests indicated that probability of presence was significantly higher in slopes with northern exposure 
than on south-facing ones (z-ratio = 4.781, p < .0001). (Fig. 3). No significant differences were detected between other cardinal 
directions during pairwise comparisons. 

Binomial GLM (model 2) showed a marginally significant interaction between annual mean temperature and slope exposure, 

Fig. 2. Number of orchid individuals documented in roadside slopes at four cardinal directions.  
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Fig. 3. Probability of orchid occurrence in four cardinal directions.  

Fig. 4. Probability of orchid occurrence in function of annual mean temperature at four cardinal directions.  
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indicating that orchids reacted differently to regional temperatures on south-facing slopes than on slopes facing any other compass 
direction (Fig. 4). The probability of orchid occurrence increased with higher regional temperatures in northern, western and eastern 
exposures, but decreased with increasing regional temperatures on south-facing roadside slopes. Pairwise comparison indicated that 
southern slopes differed significantly from western slopes (p = 0.011). No other significant difference was detected during pairwise 
comparison. 

Binomial GLM (model 3) showed a marginal significant interaction between precipitation seasonality and slope exposure. The 
probability of orchid occurrence sharply decreased with higher extent of precipitation seasonality in southern exposures (Fig. 5). 
According to pairwise comparisons, a significant difference can be detected between southern and western slopes (p = 0.009). 

We found no significant interaction between exposure and annual precipitation (model 4), but annual precipitation itself 
marginally significantly positively affected the presence of orchids. All models are shown in Table S4. 

3.2.2. Number of species 
Results of all the models are shown in Table S3. Number of species was significantly higher on northern than southern or eastern 

slopes (model 5 and post-hoc test) (Fig. 6). Interaction of exposure and temperature (model 6) and the interaction of exposure and 
precipitation seasonality (model 7) showed a marginally significant difference of western slopes from northern slopes but post-hoc test 
showed no significant differences. In case of annual precipitation (model 8) we found no significant or marginally significant inter
action with exposure. 

3.2.3. Number of individuals 
According to model 9 and the post-hoc test, the number of individuals was significantly higher in northern slopes than in any other 

directions (Fig. 7, Table S3.). 
Interaction of exposure and temperature (model 10) and the interaction of exposure and precipitation seasonality (model 11) was 

marginally significantly different. Number of individuals reacted differently to regional temperature and precipitation seasonality on 
western and southern slopes than the number of individuals on northern slopes but the post-hoc test showed no significant differences. 
In case of annual precipitation (model 12), we found no significant or marginally significant interaction with exposure. 

4. Discussion 

Our article presents the largest scale survey of orchids along roadsides to date, regarding the surveyed number of countries and 
sampling points. Using this wide-scale European survey we make three important conclusions. First, roadsides harbor an important and 
diverse set of terrestrial orchids, many with top conservation importance (Table S3), since more than 8080 individuals and 130 

Fig. 5. Probability of orchid occurrence as a function of precipitation seasonality in four cardinal directions.  
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Fig. 6. Predicted mean of number of species in four cardinal directions.  

Fig. 7. Predicted mean of number of individuals in four cardinal directions.  
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different orchid taxa were found on roadsides during our surveys. Second, we show that abiotic conditions of roadside slopes determine 
their suitability for orchids, since the results of this study pointed out that north-facing roadside slopes have the highest probability to 
harbor orchids and maintained the highest number of species and individuals. Third, we showed an effect of the interaction between 
slope exposure and annual mean temperature as well as of the interaction between slope exposure and precipitation seasonality on 
orchid presence, the number of species and also the number of individuals. These results suggest that south-facing slopes amplify the 
negative effect of high regional temperature and high precipitation seasonality creating unfavorable habitats for orchids. 

South-facing roadside slopes had a lower probability to support orchids. Many orchids are specialists, and in very dry (e.g., south- 
facing) conditions they cannot compete with generalists or weeds, and their disappearance leads to functional homogenization in 
ecosystems (Clavel et al., 2011). Similar conclusions were reached by Deák et al. (2021) showing that south- and east-facing kurgan 
slopes were more dominantly covered by weeds and generalists, while specialist species were more common in north- and west-facing 
slopes. According to the latter work the clear difference in species composition between north- and south-facing slopes of kurgans is 
potentially the result of different microclimates on these. North- and west-facing slopes were characterized by mild conditions, ideal 
for specialist plant species, while south- and east-facing slopes were characterized by harsher conditions, giving space for weeds and 
more disturbance tolerant species. Bátori et al. (2019) also reported a very clear difference between the microclimate of north- and 
south-facing slopes of karst dolines, showing an 8 ◦C difference between the two opposite exposures, suggesting the microrefugial role 
of the dolines against climate change. Although we did not conduct microclimatic measurements, the previous studies suggest that 
opposite slopes of roadsides might be characterized by remarkable microclimatic differences. 

It is well-known that climatic factors strongly influence orchid performance (Djordjević and Tsiftsis, 2022). According to our re
sults, orchids colonize south-facing roadside slopes with a lower probability at sites where the annual mean temperature was higher. 
Although the effect of temperature on plants at a finer scale can vary from species to species (Blinova et al., 2003), our findings suggest 
that orchids find shelter in cooler (north- and west-facing) roadside slopes under unfavorable macroclimatic conditions, such as high 
temperatures. 

Precipitation seasonality affects vegetation in several ways, leading to water stress, reduced biomass and altered phenology (Zeppel 
et al., 2013). Previous studies show that precipitation seasonality was one of the significant predictors, showing negative effect on the 
occurrence of two orchid species, Neottia cordata and Ophrys argolica, highlighting the importance of summer rainfall (Tsiftsis et al., 
2019; Tsiftsis and Djordjević, 2020). Nevertheless, we found that the probability of orchid occurrence was lower under higher pre
cipitation seasonality in south-facing roadside slopes, suggesting that under dry microclimatic conditions negative effects of climate 
change are exacerbated. 

Our results also indicate that annual precipitation generally and positively influenced orchid occurrence. Precipitation affects 
population dynamics, flowering period, the height of the stem and inflorescence or the number of flowers of orchids (Wells and Cox, 
1991). The number of flowering specimens of Himantoglossum adriaticum was positively correlated with the amount of rainfall in the 
previous growing season (Bódis et al., 2019), while the flowering of Herminium monorchis, Dactylorhiza sambucina, Neottia ovata and 
Gymnadenia conopsea negatively correlated with summer drought (Wells, 1981; Inghe and Tamm, 1988; Øien and Moen, 2002). In
teractions of precipitation and exposure did not have an effect on orchid presence, suggesting that severe negative effects of drought 
might affect orchids regardless of exposure. 

Although this study focused on orchids, we should emphasize that there might be other species, in other regions that thrive on 
south-facing roadside slopes. For example, in the Czech Republic steppe species and steppe-like habitats are maintained on south- 
facing roadside slopes (Heneberg et al., 2017). 

5. Conclusions 

We conclude that shadier and more humid north-, west- or east-facing roadside slopes could potentially mitigate the negative 
effects of climate change and might facilitate the survival of orchids at unfavorable macroclimatic conditions. Roadsides are usually 
managed in a way that is suitable for orchid conservation. Their role in the survival of plant species under global climate change might 
be enhanced, since they are considered to act as ecological corridors facilitating species dispersal through fragmented and transformed 
landscapes and to find shelter while adapting to a changing climate. Further research should focus on how pollinators are adapting to 
the changing climate, utilizing microclimatic measurements, in order to promote orchid reproductive success and long-term survival. 

6. Implications for management 

The most important before road construction projects is the floristic survey of roadsides and adjacent areas to consider local 
conservation efforts. When roads are planned to be broadened, in areas where orchid conservation should be enhanced, according to 
our results and previous ones, north- and west-facing sides should not be destroyed due to their role in the maintenance of orchid 
diversity. Furthermore, wider roadside verges should be designed to facilitate the persistence of pollinators, since the proximity of 
roads enhances their collision with cars (Hopwood et al., 2010; Keilsohn et al., 2018). Topographically diverse landscapes or habitat 
islands can mitigate local extinctions, therefore, it is likely that the importance of western and northern roadside slopes will grow in the 
future (Keppel et al., 2012). Even though some roadsides harboring rare and threatened plants are already managed in a way to 
preserve these, we suggest to designate roadsides with high biodiversity as “Roadside Nature Reserves”, which is a practice already 
used in the United Kingdom (Atherden et al., 2018; Kent Wildilife Trust, 2022). These Roadside Nature Reserves should be managed 
appropriately with the help of public road managers and national parks to maintain species richness and support landscape-scale 
biodiversity. 
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Király, G. 2007. Red list of the vascular flora of Hungary. Private Edition, Sopron. 
Knowles, J.E., Frederick, C., Whitworth, A., Knowles, M.J.E., 2016. Package ‘merTools’. 
Kull, T., Hutchings, M.J., 2006. A comparative analysis of decline in the distribution ranges of orchid species in Estonia and the United Kingdom. Biol. Conserv. 129, 

31–39. https://doi.org/10.1016/j.biocon.2005.09.046. 
Lenth, R., Lenth, M.R., 2018. Package ‘lsmeans’. Am. Stat. 34, 216–221. 
Lenth, R., Singmann, H., Love, J., Buerkner, P., Herve, M., 2020. emmeans: estimated marginal means. R package version 1.4. 4. Am. Stat. 34, 216–221. 
Löki, V., Deák, B., Lukács, B.A., Molnár, V., A., 2019b. Biodiversity potential of burial places – a review on the flora and fauna of cemeteries and churchyards. Glob. 

Ecol. Conserv. 18, 00614. https://doi.org/10.1016/j.gecco.2019.e00614. 
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