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ABSTRACT

Alterations in traditional land use practices h#s@ to severe declines in the area of semi-
natural grasslands, thereby seriously threateniaugt @nd animal species dependent on these
habitats. Small anthropogenic managed habitats, rbladsides can act as refuges and might
play an important role in conserving these spec@slonization of roadside verges by
endangered lizard orchidslimantoglossunspp.) has long been known, but few studies have
systematically explored the suitability of roadskdbitats for these orchids and the impact of
roads on them. In this paper we present resultargéted surveys of three lizard orchid taxa
on roadsides from eight European countries. Dutivese surveys we searched for lizard
orchids inhabiting roadside verges and recorded tistance from road, aspects of the
roadside environment, as well as vegetative andodeotive characteristics of individual
plants. We found large numbers of lizard orchidsaadside verges. Distance from roads was

not uniformly distributed: orchids occurred moresgly to roads than expected by chance.



This suggests that regular management of roads{des mowing) might enhance

colonization and survival of lizard orchids. On tbther hand, we also found that close
proximity to roads negatively affects reproductssccess, suggesting that the immediate
vicinity of roads might act as an ecological trap.(favourable in terms of colonization and

survival but unfavourable in terms of reproductidddnetheless, the fact that significant and
viable populations are maintained at roadsides estgtpat traditionally managed roadside
verges may allow long-term persistence of lizacha populations and may serve as refuges

in a landscape context.

Keywords: Calcareous dry grasslands, Ecotone, Mowing, Orceige Reproductive

success, Secondary habitats.

HIGHLIGHTS
* We surveyed endangered lizard orchids on roadsdgeg in 8 European countries
* We found large number of individuals, implying inmance of roadsides as habitats
* Individuals occurred significantly closer to thexds than expected by chance
« Distance from road did not affect stem height anchiber of flowers

* In close proximity to roads, reproductive succeas veduced
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1. Introduction

Semi-natural habitats host a large number of thesed plant species, but are declining
throughout the world due to habitat destruction tagmentation (Tikka et al2000; Tilman

et al.,2001; Nascimbene et al., 2016), intensificatioragficultural land use (Krauss et al.,
2010) and abandonment of traditional agriculturaicpces (Bignal and McCracken, 1996).
Plants inhabiting semi-natural grasslands tolexateven prefer traditional land use practises
(grazing and mowing; Eriksson et al., 200Rykala et al., 2005), which are quickly
disappearing with the development of modern tedabgiek. For plant species sensitive to
alterations in land use, small anthropogenic, madatpbitats such as midfield islets, river
dikes, kurgans or roadsides could play an impontalat in the maintenance of plant species
richness by serving as refuges in a landscape xiofRerring, 1969; Way, 1970; Harrington,
1994; Allem, 1997; Godefroid, 1999; Cousins, 20Bétori et al., 2016; Deék et al. 20164,
2016b). Appropriate management of road verges allewistence of valuable grassland
communities maintaining rare species, thus may laasignificant conservation value (Hovd
and Skogen2005;Auestad et al2011).



Roadside vegetation can contribute to the condervabtf the flora when the original
ecosystem has been destroyed (Vasconcelos €0al). Roadsides, or verges, are often the
only remnants of native vegetation remaining, ardi@portant sources of biodiversity in the
landscape in parts of Australia, The Netherlands$ Horway where the surrounding land
cover has been extensively transformed (Hussey9;1B@ckers et al., 2005; Hovd and
Skogen, 2005; Coffin, 2007). In the United Kingddir, instance, almost half of the native
plant species can be found on roadside verges (Y¥¢&y). Regularly mowed roadside verges
serve as refuges for a highly cut-tolerant, endeetjegrassland specie&entianella
campestrisn Finland (Huhta and Rautio, 2007)

Roadside verges can create special habitat conglijtie.g. due to the runoff water, which
leads to increased level of moisture and soil naiheontent that helps the vegetative and
reproductive growth of plants (Lamont et,d991, 1994a, 1994b). Furthermore, roadsides
can serve as ecological corridors for plant disdetsking distant habitat patches (Tikka et
al., 2001). Moreover, the dispersal of small seeds @fabilitated by the air turbulence of
cars (Ross, 1986) or by the mud attached to thieleshwhich often contain large number of
seeds, especially when the roadside vegetatioelisdeveloped (Clifford, 1959).

The roadside environment, however, can also hamenvgetation in multiple ways. (1)
Pollutants emitted by vehicles may accumulate engbil and in plants (Ndiokwere, 1984).
(2) Dust may exacerbate secondary stresses, sudersstivity to drought, insects and
pathogens, and it may alter the competitive balasfcthe community (Farmer, 1993). (3)
Road construction and maintenace regimes, suchhasintroduced soil used during
construction may contain seeds and can lead tgptead of alien species (Greenberg et al
1997). (4) De-icing salt increases salinity in tal, which can cause osmotic stress by
altering the pH, nutrient availability and nutridpélance of the soil, ultimately leading to
changes in species composition of the roadsidetatge (Davison, 1971; Tikka et.aP001).
Additionally, bare grounds formed due to the degpmsiof nitrogen derived from roadside
management lead to increased cover of salt tolexadtruderal species at roadside verges
(Truscott et al 2005). (5) Herbicides used in road management rheaten seminatural
roadside vegetation (Watson et, 4989). (6) Roads generally have a negative effacthe
occurence and diversity of insects (pollinatorsenfomophilous orchids). The reason is that
the mortality of insects increases due to pollganhitted by vehicles or collision with cars,
while traffic noise affects the behaviour of ingeand they often avoid roads (Mufioz ef al

2014). Hence, reproductive success of roadsidelatipos may be lower due to absence or



decreased abundance of pollinators. (7) Roadsaser¢he probability that showy flowers
(such as orchids) will be collected by touridsl{antyne and Pickering, 201

Colonization of orchids on roadside verges (Fedand Serpieri, 1868; Turrill, 1932; Good,
1936) or other anthropogenically strongly influeshdeabitats (Ratcliffe, 1974; Greenwood
and Gemmell, 1978; Davis, 1979; Holliday and Johnsk®79; Kelcey, 1984; Box, 1999;
Jurkiewicz et al., 2001; Grant and Koch 2003; Ebkfed al., 2008; Shefferson et al, 2008;
Bzdon 2009; Lundholm and Richardson 2010; WocH.e2@13, Loki et al., 2015; Molnar V.
et al., 2017) or naturally highly disturbed halsté.g. landslides, Neto et,8&017) is a well
known phenomenon. Roadside verges are similar toralahabitats of orchids in many
respects (e.g. lack of dominant species, low theelscover, etc.), while microscopic seeds
allow orchids to colonize newly created habitatchat along roads via long distance seed
dispersal by wind (Arditti and Ghani, 2000; Jersékand Malinova, 2007; Sonkoly et al.,
2016). One of the most characteristic represemstiof European orchids colonizing
roadsides are members of gerisnantoglossum(lizard orchids). The genus contains 12
species (Sramko et.aP014; Bateman et al2017), most of them are rare and occur on dry
calcareous grasslandsdimantoglossum adriaticumand H. calcaratum subsp. jankae
(formerly 'H. caprinum) are also listed by Annex Il of the EU Habitatsdative 92/43/EEC
(European Union, 1992) on the conservation of @dhtouabitats, wild fauna and flora. These
two species are of great community interest andt thabitat conservation is particularly
important. Given that orchids greatly rely on theiollinators and mycorrhizal fungi
(Waterman and Bidartondo, 2008), they are alsaatdrs of biodiversity (Swarts and Dixon,
2009). Populations living on roadside verges frameast 7Himantoglossuntaxa in 17
countries are known (Table 1). A conspicuous examgplHimantoglossum hircinunin
France, where several thousands of individuals Haeen observed on roadside verges
between Paris and Bordeaux (Good, 1936), oftenioresd as a 'roadside weed’ growing on
a wide range of neutral to basic substrates inotydoncrete debris (Carey and Farrel, 2002).
In England, among the 201 localities of the speosggstered between 1641 and 2002, 17
(7%) are found at roadsides (Carey and Farrel, RB02adriaticumwas first found in 1867
along the road south and west of Urbino in Italgd&rici and Serpieri, 1868). Recently, in
Urbino province 10 out of 32 occurrences of thiecsps were on roadside banks (Klaver,
2011). In Bulgaria more than 50% of the most numgrpopulation ofHimantoglossum

calcaratumsubspjankae(formerly 'H. caprinum) is found on roadsides (Zahariev, 2014).

Table 1



Occurrences on roadside verges éfithantoglossuntaxa based on literature data and
personal observations by the authors (signed witasterisk).

Species Countries [Source]

H. adriaticumBaumann Croatia*, Hungary*, Italy* [Federici andrSieri,
1868; Klaver, 2011]

H. calcaratum(G. Beck) Schlechter Bosnia and Herzegovina*, Montenegro*, Serbia*

subspcalcaratum (incl. Kosovo)

H. calcaratum(G. Beck) Schlechter Albania* [Turrill, 1932], Bulgaria* [Zahariev, 2014

subspjankae(Somlyay, Kreutz &  Greece*, Hungary*, Montenegro*, Slovakia*,

Ovari) Bateman, Molnar & Sramko  Turkey*

H. caprinum(M-Bieb.) Spreng. Turkey*

H. comperianun{Steven) P.Delforge Greece (Lesvos)*, Turkey*

H. hircinum(L.) Sprengel Belgium [Godefroid, 1999], France*da@sl, 1936;
Carey and Farrel, 2002], Germany [Ehmke, 2005],
Switzerland [Kanzig-Schoch, 2006], UK [Carey and
Farrel, 2002]

H. robertianum(Loiseleur) P. Cyprus*, Greece (incl. archipelago)*, France*, ytal

Delforge (incl. archipelago)*, Turkey*

Together, these observations suggest that roadsides be important habitats for
Himantoglossumorchids. However, it is unclear how proximity toads affects their
occurrence and reproductive success. Our aimsgdrp#per were to (1) systematically survey
the occurrence of lizard orchids along paved roadsss Europe; (2) investigate how
proximity to roads might impact occurrence, repiitke traits and reproductive success of
plants. We predicted that, due to the above meatiamegative effects of roads on plants,
orchids will occur farther from roads than expedbgdchance; furthermore, flowering stem
height, number of flowers and reproductive succeisbe lower in plants closest to the
roads. Given that these fitness-related traits trgpend on a number of ecological factors,
we recorded and controlled for characteristicshef toadside environment of lizard orchids:
altitude, exposition (Northern, Western, Southdtastern exposition or horizontal surface)
and the tree/shrub cover above the verges. Theserdamight affect orchid reproductive
traits and/or reproductive success through theecefon the general climatic conditions

(altitude), water availability (sloping surfaces axpected to have lower water availability



because of the greater draining of water; Bochet @arcia-Fayos, 2004) or sunlight

exposure (exposition and tree/shrub cover).

2. Material and methods

2.1. Field work

We studied 3 lizard orchid taxaljmantoglossum adriaticutd. BaumannH. calcaratum(G.
Beck) Schlechtesubsp calcaratum, Himantoglossum robertianytroisel.) P. Delforge] on
verges of paved roads (covered by asphalt) edtalolien calcareous substrates in 8 countries
(Fig. 1, Table S1 in Appendix A). Field samplingngzaigns were made in Bosnia and
Herzegovina (6—7 July 2013, 13-14 July 2014, 64y 2015); Croatia (6—7 June 2014);
Cyprus (11-22 March 2016,16-19 May 2016); Fran€e-32 April 2016); Hungary (15-25
June 2013, 3—-18 June 2014, 19 June — 8 July 204hk)(10-14 July 2015); Montenegro (5—

6 July 2015) and Serbia (29 June — 2 July 2015 Sefgiember 2016).

The geocoordinates and the altitude of the vidibedlities were determined by a Garmin E-
Trex Legend GPS handheld device recorded in WG8@&ddt. For each individual found, we
measured its absolute distance from the road. Becthe width of roadside verges was not
uniform, we also expressed distance from the redative to the available habitat (i.e. the
width of the roadside verge). We measured the widtloadside verge using Google Earth
Pro software (within each population it was defimsdthe longest distance between the road
edge and the beginning point of a different typgegdetation, e.g. forest, crop field etc.). The
relative distance of an individual was the ratiatefabsolute distance from the road and the
width of the roadside verge. This measure takesantount the fact that not all verges are of

the same width and hence it is not always possibles located far away from the road.



o H. adriaticum
o H. calcaratum

o H. robertianum v~ |

Fig. 1. The locations of the study sites. AbbreviationRQC—- Croatia, ITA — Italy, HUN —
Hungary, MNE — Montenegro, SRB — Serbia, BIH — Basand Herzegovina, CYP — Cyprus,
FRA — France.

To characterize individual condition of plants weasured the height of flowering stem and
the number of flowers. Reproductive success wastdieal as the number of fruits divided

by the total number of flowers (fructification rateereafter FR). Since not all individuals
were in fruiting stage, FR was measured only falividuals that already had fruits and/or
withered flowers.

We recorded whether the plant was on flat or slpmaorface, and in the latter case, the
exposition of the slopes. We created a discretaliar from these data, which contained the
following 5 categories: flat position, Northern, di&rn, Southern or Western exposition.We

estimated the cover of shrub and tree layer inLlImeter quadrats above each individual.

2.2. Data analyses

Statistical analyses were carried out in the Ristiedl environment (R Core Team, 2016).
First, we used simple descriptive statistics tocdbe the basic features of habitats (altitude,
distance from road, tree/shrub cover) for eachispeseparately. Medians were used in these
cases due to non-normal distribution of data. Sécewve used One-sample Kolmogorov-



Smirnov test to evaluate whether the absolute atadive distance of individual plants from
the road follows a uniform distribution. This testas performed for the three species
separately.

Third, we tested how road proximity and other habitharacteristics affect reproductive
characteristics and reproductive success of indalid@rchids. For this we used mixed-effect
statistical models where the number of flowersmskeight and fructification rate were used
as dependent variables in separate models. NunfldeEwers was a count variable and we
used Generalized Linear Mixed Models (GLMM) withigdmn distribution. Fructification
rate was analyzed using binomial GLMMs with numbérfruits and number of flowers
without fruits as a bivariate response variablensheight was normally distributed and we
used Linear Mixed-Effects Models (LMM) in this cag&planatory variables were altitude,
exposition, distance from road, stem height and/steub cover (%). In all three models,
species and site ID were included as random fgctordake into account the fact that
individuals within a species or those recordechatdame site are not independent data points
(they are likely to be more similar to each othHeant expected by chance). Furthermore, by
including species and site ID as random factorsstagstically control for variation between
sites and species, thereby focusing on variatidhinvisites / species and its connection to
differences in the explanatory variables (proximayoads and other habitat characteristics).
An individual-level random effect was also addedhe models analyzing fructification rate,
to take into account overdispersion in the resporseble (Harrison, 2014). In all three
cases we started by building full models containally explanatory variables. This was
followed by model simplification: non-significantgdictors were removed from the models
in a stepwise manner (based on the largest p-Jaludsd minimally adequate models were
obtained (containing only variables with a stataiy significant effect). Likelihood Ratio

Tests were performed after each model simplificastzp.

3. Results

3.1. Number of individuals found and charactersit roadside habitats

We found altogether 116WHimantoglossumindviduals, from which 446 belonged to.
adriaticum,398 toH. calcaratumand 323 tdH. robertianum 58 sampling sites were found
near country roads, 19 populations near highwaysm@ilations near European routes and a
single occurrence was found close to a motorwakipgmroad (Table S1). Roadside habitats
of lizard orchids were found between 22 m and L294ltitude above sea level. Width of the

roadside verges was between 1.1 and 10 m (mediam}.and absolute road distance of



Himantoglossumindividuals varied between O m and 9.5 m, with adran of 2.5 m.
Tree/shrub cover aboudimantoglossunindividuals varied between 0% and 100%, but most

orchids occured at lower tree/shrub cover (medfah 5

3.2. Distance from roads

Mean absolute distance of individuals from road ®&s1.7 m, while relative distance was
30+£20 %. The occurence of individuals with regasdabsolute and relative road distance
differed significantly from a hypothetical unifordistribution in the case of all three species
(Table 2, Fig. 2 & 3).
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Fig. 2. Absolute distance from road of individuals of ttieee Himantoglossumspecies
studied.
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studied.

Table 2
Mean absolute and relative distances from the ofatle threeHimantoglossunspecies. P-

values originate from One-sample Kolmogorov-Smirtests.

) Mean + SD of absolute Mean + SD of relative
Species ) p-value _ p-value
distance (m) distance (%)
H. adriaticum 3.1+1.2 <0.001 39+17 <0.001
H. calcaratum 2.6£2.1 <0.001 32124 <0.001
H. robertianum 2.1+£1.6 <0.001 42+ 28 <0.001

3.3. Height and number of flowers of Himantoglossuaividuals

The mean+SD number of flowers for all species combiwas 28.48+13.061( adriaticum
31.26+14.25H. calcaratum 24.97+11.09H. robertianum 29.13+12.79). Distance from road
had no effect on the number of flowers. The nundfetowers was significantly positively
related to stem height and negatively to tree/stuoNer in the minimal model (Table 3).

Altitude and exposition had no effect and droppetduring model simplification.



Table 3
Full and minimal models (Poisson GLMM) showipigedictors with a significant effect on the

number of flowers.

Full model Minimal model
Estimate SE t P~ Estimate SE t b-
value value value value
(Intercept) 3.346 0.10432.16 <0.001 3.336 0.10631.36  <0.001
Altitude -0.002 0.020-0.10 0.922
Stem height 0.329 0.00745.67 <0.001 0.331 0.00746.71 <0.001
Exposition
Northern -0.018 0.021-0.84 0.401
Eastern -0.041 0.020-2.06  0.040
Southern -0.002 0.023-0.10 0.921
Western -0.033 0.022-1.48 0.138

Tree/shrub cover  -0.028 0.0074.30 <0.001 -0.029 0.0064.47  <0.001

Distance from
road -0.013 0.007-1.75 0.080

The meantSD stem height for all species combinesl $a12+17.05 cmH. adriaticum
55.18+16.86 cm,H. calcaratum 56.29+17.26 cm,H. robertianum 37.22+10.16 cm).
Distance from road had no effect on stem heighthi@ minimal model. We found a
significant positive effect of tree/shrub cover stem height. Furthermore, exposition had a
significant effect on stem height (plants were stroon Northern, Eastern and Western slopes
compared to individuals on non-sloping surfacesilevplants on Southern slopes did not
differ significantly from individuals on non-sloginsurfaces) (Table 4). Altitude had no

significant effect on stem height.

Table 4
Full and minimal models (LMM) showingredictors with a significant effect on stem height
Note that for LMMs significance is determined basadhe absolute t-value: parameters with

[t|>2 are considered significant at the 0.05 level.

Full model Minimal model
Estimate SE t-value  Estimate SE t-value
Intercept 3.880 0.132 29.341 3.879 0.131 29.519
Altitude 0.003 0.023 0.120
Exposition
Northern -0.116 0.030 -3.819 -0.116 0.030 -3.839
Eastern -0.109 0.030 -3.692 -0.108 0.029 -3.691

Southern -0.035 0.032 -1.092 -0.034 0.032 -1.058



Western -0.110 0.031 -3.583 -0.110 0.030 -3.650
Tree/shrub cover 0.052 0.009 5.531 0.052 0.009 5.540
Distance from road 0.004 0.010 0.412

3.4. Reproductive success

Reproductive success was measured for 805 indiddde mean+SD FR for all species
combined was 25.28+23.71 %l.(adriaticum 21.78+21.14 %H. calcaratum 33.95+26.66
%, H. robertianum 25.89+24.71 %).

Distance from road had a significant positive dffes FR in the minimal model (Fig. 3).
Stem height was likewise positively related to FRee/shrub cover had a significant negative
effect on FR. Altitude and exposition had no sigaift effect on reproductive success (Table
5). The effects of road on reproductive success wem®loorated on the species level analysis
in case ofH. adriaticum(Table S2) andH. robertianum(Table S4) but not iH. calcaratum
(Table S3).
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Table 5

Full and minimal models (binomial GLMM) showirsggnificant predictors of FR.

Full model Minimal model
Estimate SE t p-value Estimate SE t p-value
value value
Distance
from road 0.232 0.065 3.562 <0.001 0.236 0.063 3.730.001
Altitude 0.118 0.174 0.676 0.499
Stem height 0.394 0.068 5.820 <0.001 0.38622 0.066.846 <0.001
Exposition
Northern 0.120 0.185 0.648 0.517
Eastern 0.394 0.173 2.272 0.023
Southern 0.159 0.205 0.775 0.438
Western 0.042 0.211 0.198 0.843
Tree/shrub - - <0.001
cover -0.422 0.059 7.099 <0.001 -0.441 0.059 7.515

4. Discussion

In this study, we described the occurrence of tlemangered orchid taxa in a little-studied
anthropogenic habitat (roadside verges) acrosg Eigtopean countries. Roadside verges are
narrow grassland fragments and act as ecotonesegesging mainly transitions from
grasslands to forest edges). Due to their weak etitiye ability, orchids are frequently
found in transitional, ecotone habitats, such asaxeric scrubland patches and forest edges
(Bray and Wilson, 1992; Rai et al., 2010; Duchod20Djordjevt et al., 2016; Slaviero et
al., 2016). Our data suggest that roadsides atabseiihabitats for lizard orchids and could
serve as refuges for these plants.

Roadsides are habitats with high disturbance aaghfentation, which may negatively affect
genetic diversity (Young et.all996) or reproductive success of plants due tocedipollen
delivery, reduced quality of the pollen, or lack pdllinators in small populations (e.g,
Jennersten, 1988; Lamont et,al993). Because of these factors, roadsides aren ofte
considered suboptimal habitats of low conservat@ine. However, previous studies showed
evidence for the occurence of several endangerelidorspecies at roadsides such as,
Anacamptis collina, A. laxiflora, A. longicornu, Awyramidalis Neottia ovata Ophrys
apifera, O. bertolonij O. bombylifora O. speculum O. sphegodesO. tenthredinifera
(Brandes, 1988, 1988 199&), Spiranthes hongkongensis, Zeuxine strateumagian,
1997), Anacamptis morio(Smith and Cross, 2016), ardphrys apifera(Gardiner and
Vaughan, 2009). Furthermore, a previous study tny&sng a rare shrub specigsrévillea



barklyana)showed that, although roadside populations weunallyssmall and isolated, there
was no significant difference in genetic variapilietween roadside and natural populations
(Hogbin et al, 1998). Therefore, these habitats could have sulistaonservation value.

Not only were lizard orchids present on roadsidegee in high numbers, they seemed to
occur more closely to roads than expected by charas observation is in line with previous
results by Zahariev (2014) who showed that in roedpopulations ofHimantoglossum
calcaratumsubsp.jankae (formerly 'H. caprinum) in Bulgaria, individuals occur at high
frequency on the edge of asphalt roads. Close mitkito roads might be beneficial for
orchids because the vegetation here is usually dessed, contains fewer infrastructural
obstacles and is less likely to be overgrazed.hieaniore, the immediate vicinity of roads is
regularly mowed as part of road management and ngphas repeatedly been demonstrated
to have a positive effects on orchids in other taliypes (Curtis, 1946; Jahk®va et al,
2006; Sletvold et al 2010; Smith and Cross, 2016). Hence, regular mowihgoadsides
could play a key role in orchid colonization andvsial.

While roadsides appear to be suitable habitatdHforantoglossunorchids, we also found
that close proximity to roads negatively affecteithreproductive success, since the
proportion of flowers bearing fruits increased witistance from the road. This phenomenon
might be caused by several independent factorsth®rone hand, reduced vegetative and
reproductive growth of plants induced by dust (Feri993) and increased amount of heavy
metals (Saikkoneet al, 1998, Ryser and Sauder, 2006) in the soil werrighented. On the
other hand, proximity to roads might have a negag¢iffect on the occurrence and diversity of
insects due pollutants emitted by vehicles, in@dasortality due to collision with cars and
noise which leads to road avoidance (Mufioz et24l14, Kallionemi et al., 2017). These
collective effects may contribute to reduced fridition rate in the immediate vicinity of
roads.Himantoglossuntaxa have been studied only tangentially for tipeilinator spectra
(surveyed by Claessens and Kleynen, 2011). Flonkeadl studiedHimantoglossunspecies
are pollinated by members of hymenopteran familyidap. The early floweringH.
robertianum is pollinated mainly by large-sized social beesy. @ombus lucorum, B.
terrestrisand Xylocopa violaceaHoneybeesApis melliferga might play an important role in
the pollination ofH. adriaticum(Bir6 et al., 2015), in addition to bee specie®bging to the
generaAndrena, Bombus, Colletes, Lasioglossanad Osmia Pollinators ofH. calcaratum
subsp.calcaratumare insufficiently known; during field work in Bog and Herzegovina we
observed only honeybees as visitors of the chasaiite long-spured flowers. Roadside

verges provide valuable habitats for bees (Hopw20dB, Heneberg, et al. 20)&nd this



might positively influence reproduction ¢fimantoglossunpopulations living near roads.
However abundance of pollinators at roadside verg@kecreasing with distance to natural
and semi-natural habitafdakobsson and Agren, 2014). and is strongly infledrby quality,
spatial and temporal distribution of flower res@gavithin the landscape (Kallionemi et al.
2017). Other factors, such as overall traffic cofudher influence pollinator availability.
While previous studies failed to find a relationshietween traffic load and bee abundance
(Hopwood 2008), it remains to be shown whether thik of association holds in the
immedite vicinity of roads as well (this is whemaftic could have the greatest negative
effects). If heavy traffic is detrimental to pobitors in the immediate vicinity of roads, this
might explain why the reproductive success of BaikaH. calcaratum populations
investigated in this study was not affected by rpeakimity as in the other two species, since
traffic on Balkanic roads is comparatively low faltigh other explanations, such as
differences in pollinator spectra are clearly polgsitoo). To fully understand how roads
impact these plants, in the future it would be imgat to study how distance to natural
grassland patches, traffic load intensity, dustodén and position along roadsides interact
to affect the reproductive success ldimantoglossumpopulations growing on roadside

verges.

Together, our observations suggest that, while sidad are suitable habitats for a large
number of orchids, the immediate vicinity of roamsild act as ecological traps (relatively
poor quality habitats that attract a large humHdeindividuals but have negative effects on
their reproductive success; Schlaepfer, 2002). cAtin we found that roads have negative
effect on reproductive success ldimantoglossumndividuals, the fact that lizard orchids
have significant and viable populations at roadsideggest that roadside verges serve as
refuges.

Since traditionally managed grasslands are disajmgearassland plant species have a better
chance of survival on road verges due to long-tadaptation to disturbances and light
abundance, but their preservation depends on propeagement (Tikka et.aP000). Our
result also reflect this, as we found that treeflshcover negatively affected reproductive
success and number of flowers. The reason for fthding might lie in the high light
intensities required by orchids to obtain suffitienergy for successful fruiting. Dominance
shift from herbs to woody species can exclude dihihus disturbances such as mowing or
grazing creates suitable conditions for them teipeand successfully reproduce (Jkoera

et al., 2006, Sletvold et al., 2010, Slaviero et2016, Kooijman et al., 2016).



5. Implications for management

During planning and building new roads and recartsing former roads, it should be
avoided to create steep concrete retaining walttehd, gentler slopes are desirable to form a
gradual transition to the natural landform. Temgcwith rock outcrops can support this by
facilitating the establishment of vegetation, argaimicroclimatic niches and stabilizing the
structure of the cutting (luell et .al2003). Conservation efforts directed to save
Himantoglossunorchids might make significant contribution by atiag new populations at
roadsides on limestone or dolomite bedrock throsgéd sawing. On the one hand these
populations could be easily approachable targetemthusiasts aiming to photograph these
enigmatic orchids. On the other hand, creationheté¢ populations may relieve vulnerable,
natural populations from damage (e.g. treading)ompanied with ecotourism. In
management of roadside verges mowing is the meestdhle method from the point of view
of orchid conservation. On the contrary, we strgrmgppose utilizing herbicides as roadside
verge management, which is highly unfavorable femarous threatened plant species and

should be avoided for the sake of biodiversity eowation.
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