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A B S T R A C T

Habitats sensitive to anthropogenic pressures are growing in conservation importance in the 
protection and perpetuation of rare animal and plant species. Although natural habitats sensitive 
to disturbance in urban areas have mostly declined in availability, patches offer conservation 
opportunities for wildlife that are fundamental to maintaining biodiversity. Human burial sites 
can contribute to this: they are more numerous and greater in extent in more urbanized areas, but 
their significance in the maintenance and promotion of biodiversity has not been considered 
across Europe and other continents. Because of their high sensitivity to even minor disturbance to 
natural habitats, orchid diversity is a key bioindicator of terrestrial ecosystem function. We 
evaluated orchid diversity in cemeteries of 13 European countries. Comprehensive field surveys 
of orchid flora in 2079 locations revealed that they occurred in every country visited and in high 
variability in both the number of taxa (n = 65) and individual plant counts (n = 44680). We 
propose that cemeteries are of major importance as refugia in conserving orchids in most of the 
visited European countries; however, one of the most urgent issues is to identify the many 
anthropogenic factors determining biodiversity of cemeteries, and to eliminate some newly 
emerged management practices in cemeteries that undermine biodiversity, including the orchid 
flora. Human burial grounds are therefore not just important in preserving the history of hu-
mankind; they are key in protecting biodiversity in this modern era of unprecedented 
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anthropogenic changes to our terrestrial environments, especially as a result of rapid and unre-
lenting urbanization.

1. Introduction

Habitats, and the species they support, have seen unprecedented changes in recent decades because of the burgeoning impacts of 
human population growth and its accompanying anthropogenic pressures from processes such as urbanization (Adams, 1994; 
McKinney, 2008). Some synanthropic habitats (i.e. those near to human settlements that accrue benefits from us and the environ-
mental modifications that we impose) can host rich biodiversity even close to urban areas (Gallo et al., 2017) where otherwise 
anthropogenic pressures can be high and homogenizing (McKinney, 2006). Such habitat types include mines (Batty, 2005; Shefferson 
et al., 2008), roadside verges (Cousins, 2006; Fekete et al., 2017, 2019, 2020, 2023a), plantations (Adamowski and Conti, 1991; Fekete 
et al., 2023b; Molnár et al., 2022; Süveges et al., 2019, 2022), and urban parks (Cornelis and Hermy, 2004). Burial sites such as sacred 
groves (Rebancos and Buot, 2007) and kurgans (Deák et al., 2016) are also such habitat types.

For European citizens until the 18th Century, deceased humans could only be buried in churchyards due to historical and religious 
strictures (Rugg, 2000). As a result, churchyards became overcrowded (Anthony, 2015), and the demand intensified for the estab-
lishment of cemeteries. Although cemeteries were mostly established in the past few hundred years in Europe (Rugg, 2000), the oldest 
cemeteries were formed when natural habitats with a more diverse flora were widespread (Van Calster et al., 2008). The extent and 
location of cemeteries were determined by practical considerations such as what was practicable defensively against flash floods or 
spread of human diseases (Mytum, 1989). Ethnographers have suggested that the first cemeteries contained extensive grasslands and 
were often established at higher altitudes, symbolizing that the deceased had been elevated closer to God in death (Storm, 2014). These 
beliefs contributed significantly to the conservation of natural vegetation on European burial grounds, partly due to the lack of radical 
habitat modification in these protected areas resulting from enforcement of strong historical laws and nature ethics (Verschuuren et al., 
2010). Furthermore, cemeteries are bounded by barriers such as fences and walls that have prevented grazing by livestock and 
free-living species such as deers (Cervidae) over many centuries (Lunt and Spooner, 2005).

While burial grounds such as cemeteries and churchyards preserve emotional and spiritual heritages of human societies, they also 
sometimes contain remnant animal and plant populations in urban areas (Barrett and Barrett, 2001; Löki et al., 2019a; Nordh and 
Evensen, 2018). Throughout the world, they are ecological refugia for non-vascular (bryophyte) plants (Fudali, 2001), aging trees 
(Antkowiak and Heine, 2005), medicinal plants (Dafni et al., 2006; Hadi et al., 2014; Rahman et al., 2008), and a wide variety of 
vascular plants (Czarna, 2016; Czarna and Nowinska, 2010; Czarna and Piskorz, 2005; Phillippe et al., 2010; Ruch et al., 2014; 
Trzaskowska and Karczmarz, 2013), including protected and rare species (Löki et al., 2020; Molnár et al., 2017b, 2018). Although 
important preliminary investigations of the conservation importance of burial grounds have already taken place in the early 2000s (e. 
g., Barrett and Barrett, 2001; Bhagwat and Rutte, 2006; Bhagwat, 2009), more thematic research focusing on the wildlife of cemeteries 
has mainly occurred in the last decade (e.g., Hewitt, 2013; Holden and McDonald-Madden, 2017; Gallo et al., 2017; Nordh and 
Evensen, 2018). However, these studies have been rather limited geographically and taxonomically, under-representing the conser-
vation potential of cemeteries in sustaining a rich biodiversity (Löki et al., 2019a).

While some cemeteries can be considered as small natural ‘islands’ surrounded by heavily human-modified habitat, their potential 
for preserving rare organisms is significant (Hewitt, 2013; Holden and McDonald-Madden, 2017; Löki et al., 2019a). To date, vege-
tation of cemeteries in Europe has been intensively studied in Poland where the diversity of bryophytes (Fudali, 2001), vascular plants 
(Czarna, 2016; Czarna and Piskorz, 2005; Sigiel and Jagodzinski, 2011; Trzaskowska and Karczmarz, 2013), and woody vegetation 
(Antkowiak and Heine, 2005) were studied in cemeteries across different religious denominations. In Moscow, Russia, 59 cemeteries 
contained 426 vascular plant species (Kelcey and Müller, 2011), whilst the largest Jewish cemetery in Berlin, Germany contained 608 
different species, 363 of which were plants, 72 lichens, 26 bryophytes, and 147 animals (Buchholz et al., 2016). More recent studies 
have shown that European cemeteries contain important habitats for at least 73 protected vascular plant species (Löki et al., 2019a), 
while Löki et al. (2020) found that Hungarian cemeteries harbored hundreds of thousands individuals of 92 protected plant species.

Orchids in Europe are a highly diverse and ecologically specialized group, with hundreds of species distributed across a variety of 
habitats (Kreutz, 2024). Their distribution patterns are influenced by factors such as climate, soil type, and the presence of specific 
mycorrhizal fungi, with species richness generally higher in southern Europe and declining toward the north (Pillon and Chase, 2007). 
European orchids face numerous threats, including habitat loss due to agriculture and urbanization, local environments altered by 
climate change, and the disruption of their complex pollination and symbiotic systems (Swarts and Dixon, 2009). Over the past 30 
years, populations of several European terrestrial orchids have steadily declined because of climate change, habitat loss, and frag-
mentation, leading to widespread conservation efforts focused on their protection and preservation (Sletvold et al., 2013). Conser-
vation efforts, therefore, are critical to be prioritized (Lussu et al., 2024) to protect these fragile species, many of which are now 
considered endangered (Kull et al., 2016).

Among endangered plant species, many species of orchid are unable to thrive in disturbed habitats (Duncan et al., 2011), and thus, 
they are effective bioindicators of terrestrial ecosystem function because of their sensitivity to changes in the network of organisms 
(plants, fungi, insects, birds etc.) and high dependence on many insect pollinators (Newman, 2009). In contrast, some orchid genera 
native to the Mediterranean region were adapted to intermediate levels of disturbance, such as grazing and fire, which help to maintain 
open habitats (Caballero et al., 2009). However, vegetation succession in the absence of such disturbances may lead to shrub and forest 
encroachment, ultimately affecting orchid diversity and composition (Vogt-Schilb et al., 2016).
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During the last 30–40 years, orchids have been found in sacred burial sites across the world (Hewitt, 2013; Molnár et al., 2021; 
Plumwood, 2007). For example, orchids have been intensively studied in Turkish cemeteries since the 1980s (Kreutz and Çolak, 2009) 
and the known orchid diversity of European cemeteries is ever growing (Kreutz and Peter, 2007; Kreutz, 2010; Kreutz and Krüger, 
2014; Löki et al., 2015). Orchids are also plants of major cultural interest: the tubers (called ‘salep’ in most countries and ‘salepi’ in 
Greece) of orchids have been harvested for hundreds of years for culinary purposes (Kasparek and Grimm, 1999). Although human 
disturbance intensifies with human population size and in some cases can push both terrestrial and epiphytic orchids to the brink of 
extinction in our towns and cities (Duncan et al., 2011), cemeteries can sometimes shelter orchids from salep harvesting (Molnár et al., 
2017c).

The pan-European occurrence of orchids is poorly documented (Löki et al., 2019a), including only records of the broad-leaved 
helleborine (Epipactis helleborine) in Berlin (Kowarik et al., 2016), and a total of only 12 orchid species numbering 7378 individual 
plants in 80 rural cemeteries of Hungary (Löki et al., 2020).

The orchid flora and the role of different abiotic and biotic factors, such as climatic conditions, religious habits, and landscape 
management impacts, affecting conservation potential are poorly understood on a broader geographic scale. We predict that countries 
in Europe will offer high potential for effective conservation actions in these sacred burial places as highlighted through their orchid 
diversity. Orchids are core organisms in various communities and important components of food webs. Areas rich in orchids will also 
likely contain many insects, birds, mammals etc., i.e., having increased biodiversity, as orchid diversity can be considered a proxy of 
ecosystem health (Koju et al., 2023; Löki et al., 2019b; Newman, 2009). Therefore, we aimed to: (1) quantify the orchid flora of 
cemeteries in Europe; (2) reveal the most important factors impacting orchid diversity, especially (3) evaluating the structural quality 
of cemeteries in conserving orchid diversity. To do so, we undertook a continent-wide census of orchid diversity using data collected 
from 13 countries at more than 2000 locations, applying multiple regression approaches for testing three predictions regarding the 
major characteristics of cemeteries and surrounding landscape that influence orchid diversity. First, we predicted that orchid diversity, 
i.e., the number of taxa and individual plants, would be higher in cemeteries in more natural conditions, where artificial elements, such 
as concreted graves or asphalt roads, are less frequent. Secondly, we predicted higher orchid diversity in cemeteries located closer to 
settlements containing smaller human populations and/or further away from the settlement boundaries. Finally, we predicted that 
higher proportions of open habitats, such as grasslands, in the proximity of cemeteries would result in greater orchid diversity through 
higher opportunities for propagation and dispersal.

Fig. 1. European locations of cemeteries evaluated for orchid diversity between 2015 and 2019 (inclusive). (a) Overview of the studied countries 
and cemeteries in Europe. (b) British Isles including the UK and Ireland. (c) Central and Southern Europe including Slovakia, Hungary, Romania, 
Serbia, Albania, and Bulgaria. (d) South-western Europe including France and Spain. (e) Tenerife (Spain). (f) Crete (Greece). (g) Cyprus. (h) Georgia. 
(i) Lesvos (Greece).
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2. Materials and methods

2.1. Field surveys and basic orchid diversity measures

In total, 2079 locations were visited in 13 countries between 2015 and 2019 (inclusive), including the islands of Crete, Lesvos, and 
Tenerife (Fig. 1). During the surveys, all orchid taxa and individual plants were identified and counted, respectively. Geocoordinates 
were also recorded of the visited cemeteries using a Garmin eTrex Legend GPS handheld device in WGS84 projection. All orchid taxa 
were identified based upon Delforge (2006), and their scientific names followed The World Flora Online (https://www. 
worldfloraonline.org/).

To determine basic diversity measures, we calculated Shannon’s diversity index (H; Shannon, 1948) using Eq. (1): 

H = −
∑n

i=1
pilogpi (1) 

where H is the entropy of a set of probabilities p1,…, pn (pi is the proportion of taxon i), as defined in Eq. (2): 

pi =
n
N

(2) 

where n is the number of individuals of taxon i, and N is the total number of individuals in the observed assemblage. Using Eq. (1), we 
also calculated the evenness (E) of the community (after Pielou, 1966) using Eq. (3): 

E =
H

logS
(3) 

where S is the number of taxa. H is greater when there are more taxa in a community (at a maximum when every individual belongs to a 
unique taxon) and 0 if only one taxon occurs. E is between 0 and 1, where 1 indicates equally abundant taxa in the community.

Finally, we computed Simpson’s (1949) unbiased estimator of diversity (D) using Eq. (4): 

D = 1 −

∑
n(n − 1)

N(N − 1)
(4) 

In this case, D is between 0 and 1, where 0 corresponds to low diversity, and 1 indicates high diversity of the sampled assemblage. 
From the perspective of biodiversity conservation, an assemblage is healthier when all indices are closer to their maximum possible 
values.

2.2. Physical characteristics of cemeteries

We measured the physical characteristics of the visited cemeteries using the distance and area tools available in Google Earth Pro 
v7.3.4.8248 (Google 2022). Based on the satellite images of the censused cemeteries, we calculated the distance (in meters) between its 
location and the nearest settlement applying the following rules: 

1. If the location was within the boundaries of a settlement, the distance was recorded as 0.
2. Otherwise, we measured the minimum distance, i.e., the distance between the location and the nearest building of a settlement.

In addition to the total area (in hectares) of a cemetery determined by using satellite images, we also calculated the area of the 
cemetery covered in forest, grassland, graves, and miscellaneous areas that could not be classified as the previous three types (e.g., 
areas covered with concrete, service buildings, etc.). Furthermore, we collected information on the altitude above sea level (in meters) 
of each location and the human population size of the nearest settlement. We used online sources, such as the latest available human 
demographic censuses in each settlement/country visited, and to complete the database, we searched City Population (https://www. 
citypopulation.de/) and City-facts (https://www.city-facts.com/).

2.3. Surrounding landscape features

We obtained data to calculate land cover variables from the CORINE Land Cover (CLC) database (https://land.copernicus.eu/en/ 
products/corine-land-cover/) at each location. We calculated the percentage cover of all CLC classes at 1, 5, 10 and 25 km concentric 
buffers around each location and derived 12 main landscape categories by summing the values of CLC classes grouped together 
(Supporting Information and see also Fekete et al., 2020).

2.4. Statistical analyses

To investigate the effect of our explanatory variables on the diversity of orchids, we used the generalized linear mixed model 
(GLMM) approach (‘glmmTMB’ package, Brooks et al., 2017). To reduce the number of predictors, we performed a separate principal 
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component analysis (PCA) at each of the four concentric landscape buffers (1, 5, 10 and 25 km) on a covariance matrix of the 12 
landscape variables and retained only the first three principal components (PCs) from each PCA.

We included PCs belonging to each buffer zone in separate models, whilst also adding the characteristics of the cemeteries. We 
calculated variance inflation factors (VIFs) for the predictors to avoid collinearity among them (‘usdm’ package, Naimi et al., 2014), 
and retained in each model only those with a VIF < 2 (after Zuur et al., 2010). We included latitude and its quadratic form as 
covariates, and ‘Country’ as a random factor in each model.

Since all three diversity measures were highly correlated (H ~ E: Spearman’s ρ = 0.76, p < 0.001; H ~ D: ρ = 0.99, p < 0.001; E ~ 
D: ρ = 0.90, p < 0.001), we used Shannon’s diversity index (H) as a response variable to maximize the number of records (n = 270) 
included in the models. All predictors describing the characteristics of the cemeteries were centered (subtracting the mean) and scaled 
(divided by the standard deviation) before entering the model (Harrison et al., 2018). We also derived additional sets of models 
including either the number of taxa or the number of individual plants as the response variable to model the chance of occurrence of 
any orchid in the sampled cemeteries (see Supporting Information).

Then, we performed a backward stepwise selection procedure to find the best-fitting minimal model. We eliminated the predictor 
with the highest p value in each iteration until we reached a model with the lowest Akaike’s Information Criterion (AIC) value. Data 
preparation and analysis were performed in R v4.2.1 (R Core Team, 2022)

3. Results

3.1. Orchid diversity in European cemeteries

Of a total of 2079 cemeteries surveyed, 316 (15.2 %) contained orchids. In total 65 different orchid taxa (Table 1) were found in 
cemeteries in the 13 countries visited. The highest orchid diversity was found in Albania, Greece (Crete and Lesvos) and Romania, 
whilst no orchids were found on Tenerife and only one taxon was found in continental Spain. Between one and 10 orchid taxa were 
found in single cemetery surveys (Table 2). The highest numbers of taxa were found in cemeteries in Çerenec i Sipërm (Albania), 
Drashovicë (Albania), and Borod (Romania). The most widely distributed species of orchid were the Pyramidal Orchid (Anacamptis 
pyramidalis) and the Green-winged Orchid (Anacamptis morio) that were found in eight and six countries, respectively. Of 44680 in-
dividual orchid plants surveyed, the Green-winged Orchid was the most common, contributing 24885 records (55.7 % of all plants).

Shannon’s diversity index (H) of orchid assemblages ranged widely (mean ± 1 SD: 0.92 ± 0.66), when records were pooled by 
country (Table 2, Fig. 2), as well as the evenness (E) (0.52 ± 0.27), and Simpson’s index (D) (0.55 ± 0.29). The top 10 cemeteries with 
the highest diversity indices were in Albania (1st to 5th), Romania, Serbia, UK, Hungary, and Cyprus. In terms of evenness, the top 10 
locations were found in the same countries, except UK, but this time Hungary hosted most of the cemeteries with the highest values.

3.2. Orchid diversity, the characteristics of cemeteries and their surrounding landscape patterns

Based on PCA of landscape variables within 1, 5, 10, and 25 km concentric buffer zones around each cemetery, the first three 
principal components (PCs 1–3) captured 72–77 % of the total variance (Table S1 in the online Supporting Information). Therefore, we 
used these PC scores in subsequent analyses.

According to the best-fitting minimal GLMMs (Table 3; see the corresponding PCA results in Table S2), orchid diversity was 
significantly lower in cemeteries located at higher latitudes or surrounded by a higher proportion of agricultural areas, but for the 
latter, the relationship was only marginal (0.05 < α < 0.10) or even less significant. In addition, latitude showed a ‘hump-shaped’ 
rather than a linear relationship (Fig. S1) suggesting an optimal latitudinal belt for the diversity of orchids within the studied region. 
Moreover, orchid diversity was predicted to be higher when the landscape around the cemeteries within a 25 km radius is covered by 
mainly urban, semi-agricultural areas or natural grasslands. Cemeteries at varying distances from settlements and with varying 
grassland coverage within their boundaries were statistically similar in orchid diversity (Table 3).

We provide the results of alternative model sets without latitudinal components (Table S2), and using the number of orchid taxa 
(Table S3) and the number of individual orchid plants (Table S4) as response variables in the online Supporting Information.

4. Discussion

Here, we evaluated orchid diversity in cemeteries of 13 European countries. Orchids occurred in cemeteries of every country we 
censused, but there was significant variability in both the number of taxa (n = 65) and individual orchid plant counts (n = 44680) 
between cemeteries and countries. Based on our findings, we believe that European cemeteries play a much greater role in the con-
servation of orchids than former studies (e.g., Löki et al., 2019a, 2020) suggested. Although these relatively under-investigated habitat 
patches are heavily human-influenced, they appear to provide highly valuable habitat patches that support floristic diversity in 
otherwise nature-poor, heavily urbanized sites.

4.1. The potential role of cemeteries in the conservation of orchid biodiversity

Certain cemeteries and other burial sites may prove invaluable in biodiversity conservation, especially in habitats that have been 
heavily transformed by human activities such as in urban centers. Although only a relatively small percentage of cemeteries (15.2 %) 
hosted orchid taxa in our sampled locations, this highlights a considerable untapped potential for enhancing their role in biodiversity 
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Table 1 
The distribution of different orchid taxa by numbers of countries, cemeteries and individual plants found in pan-European surveys conducted between 
2015 and 2019 (inclusive). Country codes: Al – Albania; Bg – Bulgaria; Cy – Cyprus; Fr – France; Ge – Georgia; Gr – Greece (Cr – Crete, Lv – Lesvos); 
Hu – Hungary; Ir – Ireland; Ro – Romania; Sl – Slovakia; Sp – Spain; Sr – Serbia; UK – United Kingdom.

Orchid taxon with authority Countries of 
occurrence

Number of

countries cemeteries individual 
plants

Anacamptis pyramidalis (L.) Rich. Al, Cy, Ge, Gr (Cr), Ir, 
Hu, Ro, UK

8 25 921

Anacamptis morio (L.) R.M.Bateman, Pridgeon & M.W.Chase Al, Bg, Hu, Ro, Sl, Sr 6 133 24885
Ophrys apifera Huds. Al, Ge, Ro, Sl, UK 5 14 375
Neotinea tridentata (Scop.) R.M.Bateman, Pridgeon & M.W.Chase Al, Hu, Ro, Sr 4 33 1284
Neottia ovata Bluff & Fingerh. Al, Ir, Ro, UK 4 6 452
Orchis purpurea Huds. Al, Bg, Hu, Ro 4 18 381
Spiranthes spiralis (L.) Chevall. Gr (Lv), Hu, Ro, Sr 4 41 1032
Dactylorhiza fuchsii (Druce) Soó Ir, Ro, UK 3 11 964
Dactylorhiza sambucina (L.) Soó Al, Ro, Sl 3 6 37
Gymnadenia conopsea (L.) R.Br. Ro, Sr, UK 3 9 164
Neotinea ustulata (L.) R.M.Bateman, Pridgeon & M.W.Chase Bg, Ro, Sr 3 5 189
Ophrys sphegodes Mill. Al, Hu, Ro 3 4 182
Cephalanthera longifolia (L.) Fritsch Al, Hu 2 2 5
Epipactis helleborine (L.) Crantz Al, Hu 2 6 20
Neotinea maculata (Desf.) Stearn Al, Cy 2 4 48
Ophrys cinereophila Paulus & Gack Cy, Gr (Cr) 2 2 2
Ophrys fuciflora (F.W. Schmidt) Mönch Hu, Sk 2 2 59
Ophrys mammosa Desf. Al, Cy 2 9 76
Anacamptis collina (Banks & Sol. ex Russell) R.M.Bateman, Pridgeon & M.W.Chase Cy, Gr (Cr) 2 4 205
Anacamptis fragrans (Pollini) R.M.Bateman Al, Gr (Cr) 2 14 2237
Orchis italica Poir. Cy, Gr (Cr) 2 3 22
Orchis militaris (L.) Hu, Ro 2 4 10
Platanthera bifolia (L.) Rich. Ro, Sr 2 8 44
Serapias sp. Gr (Cr), Sp 2 2 3
Serapias bergonii E.G.Camus subsp. politisii (Renz) Kreutz Cy, Gr (Lv) 2 1 3
Ophrys sp. Sl 1 8 1
Cephalanthera damasonium (Druce) Hu 1 2 101
Cephalanthera rubra (L.) Rich. Al 1 1 50
Dactylorhiza viridis (L.) R.M.Bateman, Pridgeon & M.W.Chase Ro 1 1 15
Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh. Ro 1 1 5
Dactylorhiza x grandis (Druce) UK 1 1 3
Epipactis microphylla (Sieber). ex Nyman Al 1 6 77
Epipactis palustris (L.) Crantz Ro 1 2 81
Gymnadenia odoratissima (L.) Rich. Ro 1 1 250
Himantoglossum jankae Somlyay, Kreutz & Óvári Al 1 6 108
Himantoglossum robertianum (Loisel.) P.Delforge Cy 1 6 20
Limodorum abortivum (L.) Sw. Al 1 5 16
Neottia nidus-avis (L.) Rich. Hu 1 1 2
Ophrys umbilicata (Desf.) Al 1 1 8
Ophrys bombyliflora Spreng. Al 1 3 32
Ophrys epirotica (Renz) Devillers-Tersch., & Devillers Al 1 1 20
Ophrys episcopalis (Poir.) Gr (Cr) 1 1 1
Ophrys ferrum-equinum (Desf.) Al 1 3 35
Ophrys flavomarginata (Renz) H.Baumann & Künkele Cy 1 1 150
Ophrys gortynia (H. Baumann & Künkele) Paulus Gr (Cr) 1 2 3
Ophrys lutea Cav. subsp. minor (Guss.) O.Danesch & E.Danesch ex Gölz & H.R.Reinhard Gr (Cr) 1 3 41
Ophrys oestrifera (M. Bieb.) Al 1 12 369
Ophrys lutea (Cav.) Al 1 11 455
Ophrys speculum Link Al 1 1 2
Anacamptis coriophora (L.) R.M.Bateman, Pridgeon & M.W.Chase Ro 1 22 750
Anacamptis laxiflora (Lam.) R.M.Bateman, Pridgeon & M.W.Chase Al 1 5 2011
Orchis mascula (L.) subsp. mascula UK 1 4 23
Orchis mascula (L.) subsp. signifera Ro 1 1 3
Anacamptis papilionacea (L.) R. M. Bateman, Pridgeon & M. W. Chase Gr (Cr) 1 2 22
Orchis quadripunctata (Cirillo) ex Ten. Gr (Cr) 1 1 20
Anacamptis sancta (L.) R. M. Bateman, Pridgeon & M. W. Chase Gr (Lv) 1 3 30
Orchis sp. Fr 1 1 1
Anacamptis morio (L.) R. M. Bateman, Pridgeon & M. W. Chase subsp. syriaca (Boiss. ex 

H. Baumann & Künkele) H. Kretzschmar, Eccarius & H. Dietr.
Cy 1 1 2

Platanthera chlorantha (Custer) Rchb. Al 1 5 77
Serapias bergonii subsp. bergonii E. G. Camus Gr (Cr) 1 2 215

(continued on next page)
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conservation. First, heritage preservation and biodiversity conservation can proceed hand in hand, as their proximity to urban areas 
means that they are accessible for humans to maintain biodiversity conservation in a culturally shaped urban landscape (Kowarik et al., 
2016). Secondly, because of their continued importance in honoring the dead in modern human societies (Sayer, 2010) and protection 
from religious establishments that oversee them (Velivasaki, 2010), they endure and presumably will continue to persist even in the 
face of sometimes radical land-use change brought about by human demographic pressures (Smith, 2018). Thirdly, although ceme-
teries are sometimes closed or relocated due to settlement planning policy (Kay, 1998), the area of habitat devoted to functioning 
cemeteries is less likely to decrease. As well as habitat type heterogeneity, area of available habitat is one of the best predictors of 
variability in species richness in the case of orchids (Löki et al., 2019b). With appropriate management methods, a mosaic habitat 
structure, mostly with dynamic transformation of small habitat patches in cemeteries, can be maintained.

Although the main factor determining the diversity of orchid species is the size of favorable contiguous habitat (Schödelbauerová 
et al., 2009), we suggest that cemeteries can still accommodate significant diversity, despite their degree of disconnectedness. This was 
well studied in Turkey where three-quarters of the total orchid flora of the country was found in cemeteries (Löki et al., 2019b). 
Although it is now known that Muslim cemeteries may harbor higher orchid diversity (Molnár et al., 2017a), we still lack basic in-
formation about the colonization, recolonization, and remnant status of orchid populations found in cemeteries. Viable orchid pop-
ulations in cemeteries may also be the result of the relatively easy dispersal of their propagules by the wind (Barthlott et al., 2014). 
However, there are limited data on fruit-set rates, population dynamics and the susceptibility to ecological traps for orchid populations 
in anthropogenically influenced habitats (Fekete et al., 2017), including cemeteries. The effects of direct human disturbance are also 
under-studied; they can vary spatiotemporally across Europe due to differences between countries in culture, religion, tradition, but 
also in ethnobotany (Molnár et al., 2017c).

Habitat fragmentation is strongly associated with the extinction of animal and plant species and causes a significant loss in 
biodiversity (Harrison and Bruna, 1999), while homogenization and destruction of the remaining habitats are major causes of 
biodiversity loss in Europe, and worldwide (Jongman, 2002). Using the data collected in 13 countries at more than 2000 unique 
locations, we found that the overall orchid diversity was significantly higher in cemeteries located at lower latitudes and where the 
percentage of landscape covered by urban, semi-agricultural areas or natural grasslands within a 25 km radius was higher, but 
agricultural areas within a 10 km radius was lower. This may be related to the stepping stone function of cemeteries that works better 
when the availability of agricultural land of the surrounding areas is lower, and orchid seeds, which are easily dispersed by wind 
(Barthlott et al., 2014), are more likely to fall either on the cemetery site or on natural or semi-natural habitat around the cemetery. 
Thus, they can easily colonize the reserve areas of the cemetery over time, which has been supported by previous studies (Baum et al., 
2004; Murphy and Lovett-Doust, 2004).

4.2. The significance of cemeteries in future conservation of plant biodiversity

Geographically far reaching investigations, including the effective management of disjunct habitat patches, or even networks, 
might hold the key to biodiversity conservation at local or even global scales (Debinski and Holt, 2000), while also special attention 
should be paid to the areas around the valuable fragmented habitats. Despite significant differences between the number of orchid taxa 
and individual plants recorded in cemeteries, they were found in all 13 European countries in our study. This under-researched di-
versity of the members of a plant family, which is responding to the transformation of urban habitats very quickly (Duncan, 2011), 
indicates that the role of cemeteries as habitats for orchids can be of much significance and worthy of protection than previously 
thought. As the landscape of cemeteries is mostly under radical transformation due to changes in social structure, economic interests, 
and in the aesthetic values held by modern people, implications should be carefully considered for conserving the biodiversity of 
cemeteries.

4.3. Our recommendations for the conservation of cemeteries are listed below

1) The safeguarding of traditional burials is crucial because the use of headstones and traditional gravestones not only conserves the 
cultural heritage of cemeteries but also represents a long-term and sustainable service of cemeteries compared to the high energy 
demands of modern burial methods such as cremation (Lee et al., 2022). Besides traditional burial methods, other alternatives such 
as eco-burials (Davies and Rumble, 2012) and conservation burials (Holden and McDonald-Madden, 2017) are coming to the fore. 

Table 1 (continued )

Orchid taxon with authority Countries of 
occurrence 

Number of

countries cemeteries individual 
plants

Serapias cordigera (L.) Gr (Cr) 1 1 2
Serapias feldwegiana H. Baumann & Künkele Ge 1 1 1
Serapias orientalis (Greuter) H.Baumann & Künkele Gr (Cr) 1 2 5
Serapias parviflora (Parl.) Al 1 44 5873
Serapias vomeracea (Burm.f.) Briq. Al 1 12 166
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Table 2 
Summary of orchid diversity in the cemeteries of 13 European countries. Orchid diversity measures: H – Shannon’s diversity index, E – Evenness, D – Simpson’s diversity index. N/A is not applicable. The 
number of orchid species in the country were determined based on C. A. J. Kreutz’s book on the orchids of Europe, North Africa and the Middle East (Kreutz, 2024).

Country Number of: Mean number ( ± SD) of orchid 
taxa in:

Total number of 
orchid plants

Orchid diversity 
measures

cemeteries 
surveyed

cemeteries with orchids 
(% of total)

orchid species known 
in country

orchid species (% of entire 
orchid flora)

all 
cemeteries

cemeteries with 
orchids

H E D

Albania 166 88 (53.01) 83 30 (36.14) 1.28 
( ± 1.81)

2.42 ( ± 1.85) 24,953 1.45 0.43 0.65

Bulgaria 51 3 (5.88) 82 3 (3.66) 0.08 
( ± 0.34)

1.33 ( ± 0.58) 108 0.40 0.36 0.22

Cyprus 90 18 (20.00) 52 12 (23.08) 0.39 
( ± 0.70)

1.38 ( ± 0.62) 538 1.90 0.76 0.82

France 50 1 (2.00) 134 1 (0.75) 0.02 
( ± 0.14)

N/A 1 0 N/A N/A

Georgia 21 2 (9.52) 53 3 (5.66) 0.14 
( ± 0.48)

1.50 ( ± 0.71) 3 1.10 1.00 1.00

Greece (Crete and 
Lesvos)

125 15 (12.00) 193 18 (9.33) 0.22 
( ± 0.71)

1.87 ( ± 1.06) 878 1.40 0.48 0.61

Hungary 955 80 (8.38) 71 12 (16.90) 0.11 
( ± 0.39)

1.30 ( ± 0.54) 7377 1.08 0.43 0.48

Ireland 60 7 (11.67) 30 3 (10.00) 0.12 
( ± 0.32)

1.00 ( ± 0.00) 321 0.07 0.07 0.02

Romania 262 71 (27.10) 77 20 (25.97) 0.50 
( ± 1.07)

1.85 ( ± 1.32) 7589 1.49 0.50 0.58

Serbia 73 12 (16.44) 58 8 (13.79) 0.39 
( ± 0.93)

1.71 ( ± 1.27) 1694 0.42 0.20 0.19

Slovakia 71 5 (7.04) 77 5 (6.49) 0.07 
( ± 0.26)

1.00 ( ± 0.00) 22 1.23 0.76 0.68

Spain (continental and 
Tenerife)

100 1 (1.00) 101 1 (0.99) 0.01 
( ± 0.1)

N/A 1 0 N/A N/A

United Kingdom 90 9 (10.00) 45 7 (15.56) 0.20 
( ± 0.61)

1.46 ( ± 0.97) 1181 1.45 0.75 0.73
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As observed in many visited cemeteries across Europe, the ability of orchids to grow on traditionally maintained graves is also 
important in their conservation.

2) The establishment of modern graves should be avoided on the most diverse natural patches of cemeteries that are predominantly 
located on the edges of cemeteries. Instead, where possible, new areas for burials should be designated close to areas where plant 
propagule sources of natural habitat patches could also help to recolonize the extended areas of cemeteries.

3) To increase the quality and proportion of natural grassland patches in cemeteries, manual trimming should replace mechanical 
mowers and reduction in sward height should take place only two-three times a year, depending on the local traditions. The most 

Fig. 2. The number of (a) orchid taxa and (b) individual plants (log-transformed), and the diversity as measured by (c) Shannon’s index (H), (d) 
Simpson’s index (D), and (e) Evenness (E), obtained from surveys of cemeteries carried out between 2015 and 2019 (inclusive) across Europe. 
Countries with extremely small numbers of taxa and individual plants (France, Georgia, Ireland, Slovakia, Spain) are not shown.
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obviously inappropriate management of potentially ‘orchid-friendly’ sites was observed in cemeteries of the British Isles in our 
study where 88 % of the surveyed locations were at least partially mowed to ground level in Ireland, and this increased to 92 % in 
the UK. Lawns slowly became the symbol of household affluence across the world. Therefore, their potential transformation and 

Fig. 3. Some characteristic orchid species of European cemeteries. A: Dactylorhiza fuchsii (Shanaglish, Ireland); B: Orchis mascula subsp. mascula 
(Aldborough, United Kingdom); C: Dactylorhiza sambucina (Radola, Slovakia); D: Orchis purpurea (Zádorfalva, Hungary); E: Spiranthes spiralis (Rutosi, 
Serbia); F: Gymnadenia odoratissima (Borod, Romania); G: Epipactis microphylla (Zgosht, Albania); H: Anacamptis papilionacea (Damania in Crete, 
Greece); I: Himantoglossum robertianum (Pentakomo, Cyprus). Photographs were taken by Viktor Löki (A-C, E-F, H-I) and Attila Molnár V. (D, G).
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associated changes in their maintenance require a transdisciplinary approach in the future (Ignatieva et al., 2015). This conser-
vation potential of cemeteries depends largely on the presence and future persistence of open, natural or semi-natural habitats 
within their boundaries, since cemeteries may serve as refugia for orchids only where suitable habitat conditions (such as grassland 
or open forest patches) are maintained and not entirely replaced by graveyard infrastructure.

4) The application of pesticides and insecticides within cemeteries should be avoided as their use creates a less diverse habitat mostly 
suitable for ruderal weeds, and profoundly disrupts community structure in which orchids and most plants which do not tolerate 
disturbance are unable to sustain viable populations (Relyea, 2013; Schmidt and Steinbach, 1983).

5) Native plant species should be preferred over ornamental ones in decoration of headstones and grave surrounds. We recommend 
that the cultivated flora of the ecoregion should be used, thereby promoting the collection of propagules from the wild.

6) According to our field observations during this study, in the Mediterranean, overgrazing and the accelerated use of marble and 
concrete in cemeteries pose the greatest threats to native flora such as orchids. Although fences are built around most cemeteries, 
they still should be established and maintained to prevent livestock from entering them. Nevertheless, sustainable grazing by 
mostly cattle (Bos taurus) or sheep (Ovis aries) can be applied and can be crucial in certain regions in Central and Western Europe, 
especially in the British Isles, where this kind of grazing has a long tradition.

7) In certain countries such as Albania, Bulgaria, Georgia, Greece, and Serbia, salep harvesting should be avoided, or controlled in a 
culturally sensitive manner in cemeteries to protect populations of mostly salient orchid species. However, despite newly emerged 
regulations and implications for conservation (e.g., Charitonidou et al., 2019; Düzenlemeler, 2013), the cultural background of the 
process must of course be respected, especially as salep harvesters can also help in the discovery of rare populations of orchids in 
cemeteries due to their traditional ecological knowledge (TEK) of the local vegetation (Molnár et al., 2017d).

8) Cemeteries are clearly key in maintaining cultural and natural heritage and, therefore, (re-)familiarizing people with, and 
educating them about, these values are eminently important. Signifying the importance of these invaluable cemeteries nationally 
and regionally, such as through placing information boards at locations, is fundamental for communicating their cultural and 
natural values to visitors and local people alike (Affifi and Christie, 2019; Tsiouri, 2023).

9) To conserve cemeteries with the highest biodiversity, local communities of residents and parishioners need to work alongside local 
authorities such as councils and churches to maintain such sites for religious and biodiversity purposes. While cemeteries must 
serve the burial requirements of the local community, conserving biodiversity can occur in concert. Those who wish to advocate 
conservation of nature clearly need to be a part of the communal debate (Cooper, 1995), and thankfully so-called ‘cemetery wars’ 
are rare (Plumwood, 2007).

Table 3 
Summary of the best-fitting minimal GLMMs with Shannon’s diversity index (H) as a response variable and its main predictors (within boundary 
characteristics and 1, 5, 10, and 25 km buffer zones), associated estimated regression coefficients (β) and standard errors (SE), test statistics (Z) and 
the corresponding significance value (p). The Akaike’s Information Criterion (AIC) of each model and the difference compared to its corresponding 
full model (ΔAIC) is also shown, p ≤ 0.05 is marked with an asterisk.

Predictor β SE Z p

1 km buffer zone 
Latitude − 0.44 0.15 − 2.91 0.004 *
Latitude (quadratic form) − 0.18 0.10 − 1.80 0.073
Altitude − 0.17 0.12 − 1.42 0.156
Distance 0.12 0.11 1.14 0.256
AIC ¼ 430.05, ΔAIC ¼ 11.03 
5 km buffer zone 
Latitude − 0.41 0.14 − 2.90 0.004 *
Latitude (quadratic form) − 0.19 0.10 − 1.99 0.047 *
Altitude − 0.23 0.13 − 1.79 0.074
Distance 0.13 0.11 1.21 0.226
PC1 within 5 km − 0.51 0.39 − 1.29 0.196
AIC ¼ 430.46, ΔAIC ¼ 9.33 
10 km buffer zone 
Latitude − 0.45 0.14 − 3.15 0.002 *
Latitude (quadratic form) − 0.19 0.10 − 1.95 0.054
Altitude − 0.24 0.12 − 1.92 0.055
Distance 0.16 0.11 1.51 0.132
Grass area in the cemetery 0.14 0.10 1.32 0.187
PC1 within 10 km − 1.28 0.67 − 1.91 0.056
AIC ¼ 429.68, ΔAIC ¼ 8.90 
25 km buffer zone 
Latitude − 0.54 0.15 − 3.55 < 0.001 *
Latitude (quadratic form) − 0.23 0.10 − 2.24 0.025 *
PC3 within 25 km 2.57 1.22 2.10 0.036 *
AIC ¼ 427.16, ΔAIC ¼ 11.85 
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4.4. Suggestions for further research

Despite some recent studies of the conservation value of European cemeteries (e.g., Kowarik et al., 2016; Löki et al., 2020), there 
are still many gaps in our knowledge. We believe that some key directions should be followed in future research. For example, we need 
to quantify the level of both bio- and cultural diversity within cemeteries at the landscape scale, identifying the relationship between 
the biodiversity within cemeteries and the surrounding matrix, and investigating as a matter of urgency the impacts of cemetery 
management on biodiversity contained therein (Barrett and Barrett, 2001). Twenty-four years have elapsed since this publication but 
its sentiments and specifications for their implementation are just as relevant today. Due to accelerating anthropogenic pressures on 
the natural world, the need for such studies grows ever more acute (Uslu et al., 2009). Further research within cemeteries will 
inevitably provide valuable data on the life history and ecology of orchid species.

While we found some key factors driving orchid diversity in European cemeteries, inevitably a few more may have been over-
looked. Orchids have specific soil and mycorrhizal requirements (Chauhan and Attri, 2024; McCormick and Jacquemyn, 2014). 
Unfortunately, detailed and consistent data on the geological substrate were not available at the scale of our study, since we also did 
not sample the soil in the visited cemeteries. Therefore, it could not be incorporated into the current analyses. However, future studies 
in the topic may focus on this potentially important aspect (Phillips et al., 2020).

Although human disturbance has a major negative impact on the orchid flora of cemeteries (Löki et al., 2019b), we believe that they 
can act as arenas for conservation of other vascular plants (e.g. old trees or rare scrubs) or animal species (e.g. birds or reptiles), 
especially because of the orchids’ dependence on natural vegetation. Currently in Europe, we found that cemeteries in France and 
Spain offer little potential for conserving natural habitat patches (Kelcey and Müller, 2011). Likely, cemeteries in countries such as 
Belgium, Italy, Portugal, and The Netherlands that share similar burial traditions and management methods to France and Spain, also 
may provide low conservation potential for biodiversity but are countries we did not visit. Expansion of orchid surveys in such 
countries is a priority.

The situation is even more complex in the secondarily conserved natural habitats close to radically and rapidly transforming urban 
areas. Although in modern times economic interests are not aligned with nature conservation, we also can act to conserve the orchid 
flora of cemeteries by returning to the traditional and more sustainable methods in maintaining the graves of our deceased loved ones, 
including the surrounding environment. Furthermore, a similar effect on maintaining diversity may be provided by choosing sus-
tainable and ecofriendly alternatives to burial. Wooden crosses will disappear without a trace from cemeteries within two generations, 
but a natural cemetery rich in orchids will endure for far longer.
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