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Abstract.

Neotinea x dietrichiana (Orchidaceae), a natural hybrid between Neotinea tridentata and N. ustulata, has been

found on the southwestern slopes of Mt Maljen (Western Serbia) for the first time in Serbia, representing
its most continental record in the Balkans. Morphological and distribution data, as well as the ecological
preferences of N. x dietrichiana are provided. The hybrid grows between 490 m and 510 m a.s.1., on serpentine
substrate, as a member of xero-mesophilous steppe-like meadows. Hybrid specimens have been recorded
at the sites where the two parental species grow in sympatry, and mostly where the population size of N.
tridentata is larger than the population size of N. ustulata.
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Introduction

Natural hybridization is a relatively common phe-
nomenon, which has played a significant role in plant
evolution (Grant 1981). In food-deceptive orchids,
i.e. those orchids that attract pollinators by mimick-
ing rewarding signals, hybridization is a natural con-
sequence of their unspecific pollination system and it
may represent a potential stimulus for evolutionary
change (Cozzolino & al. 2006). In fact, when closely
related species of food-deceptive orchids grow in sym-
patry and have overlapping flowering periods and un-
specific pollinators, they are exposed to opportunities
for inter-specific hybridization (Moccia & al. 2007).
However, this hybridization is not a consequence of
habitat disturbance as it is commonly accepted for
other hybridizing plants (Cozzolino & al. 2006). Con-

sidering that the relative proportion of the two pa-
rental species can be a significant parameter that de-
termines likelihood of hybridization (Schatz 2006),
determining the population size of parental species is
important in knowledge of hybrids.

The genus Neotinea Rchb. (Orchidaceae) com-
prises six taxa (Bateman & al. 2003), whose distri-
butions are limited to Europe, Asia Minor, Caucasus,
and northwestern coastal regions of North Afri-
ca (Kretzschmar & al. 2007). The taxonomic status
of Neotinea tridentata (Scop.) R.M. Bateman, Pridg-
eon & M.W.Chase and N. ustulata (L.) R.M.Bateman,
Pridgeon & M.W. Chase was recently reconsidered
using a molecular phylogeny tools (Bateman & al.
2003). Previously, these species were included with-
in the genus Orchis (So6 1980). Neotinea x dietrichi-
ana (Bogenh.) H. Kretzschmar, Eccarius & H. Dietr.
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is a natural hybrid between N. tridentata and N. ustu-
lata. It was described for the first time by Bogenhard
(1850) under the name Orchis x dietrichiana. A spec-
imen of this hybrid from Italy has been characterized
by using molecular markers, i.e. applying the Ran-
domly Amplified Polymorphic DNA (RAPD) and
Restriction Fragment Length Polymorphism (RFLP)
analysis of plastid DNA (cpDNA) (Cozzolino & al.
1998). The RAPD has confirmed the hybridization,
while the cpDNA pattern of the hybrid has demon-
strated that N. tridentata contributes to the mater-
nal lineage in the hybrid, and N. ustulata provides
the pollen line (Cozzolino & al. 1998). However, the
morphological differences between N. x dietrichiana
and its parental species, as well as the ecological pref-
erences of the hybrid have not been sufficiently stud-
ied. Furthermore, little is known about the relative
proportions of the two parental species, i.e. about
their population size within the hybrid zones.

The present paper reports the occurrence of N. x
dietrichiana in Serbia. The aims of this study were: (i)
to compare its morphological characters to those of its
parental species; (ii) to present currently known dis-
tribution data of the hybrid; (iii) to determine the eco-
logical preferences, population size and flowering pe-
riod both of the hybrid and its two parental species.

Material and methods

During floristic investigations carried out on the ter-
ritory of Mt Maljen (Western Serbia) in the period
between 2002 and 2005, data concerning the distri-
bution, population size and ecological preferences of
taxa of the genus Neotinea were recorded. The col-
lected specimens of N. x dietrichiana and its two pa-
rental species were herbarized and deposited in the
Herbarium of the Institute of Botany and Jevremovac
Botanical Garden, University of Belgrade (BEOU).
Identification of the hybrid specimens was done ac-
cording to Kerner (1865), Schulze (1894), Camus &
Camus (1928), Kretzschmar & al. (2007), and Coz-
zolino & al. (1998). Their morphological description
was based on morphometric measurements of three
collected specimens. Identification of the two pa-
rental species was done according to So6 (1980) and
Delforge (2006), while the nomenclature followed
Bateman & al. (2003). Their morphological descrip-
tions were based on herbarium specimens (six spec-

imens of N. tridentata, and five specimens of N. us-
tulata), with some characters added according to
Delforge (2006), Flora Europaea (So6 1980) and Ta-
li & al. (2004).

Distribution of the hybrid in Serbia is presented
on a 10 km x 10 km grid, using the Universal Trans-
verse Mercator (UTM) projection (Lampinen 2001).
Plant community types were determined by phyto-
sociological sampling, according to Braun-Blanquet
(1964) methodology. The names of plant taxa, with
a few exceptions, followed the Flora Europaea (Flora
Europaea Database). The names of syntaxa followed A
Syntaxonomic Review of Vegetation in Serbia (Koji¢ &
al. 1998). The population size of N. x dietrichiana and
its two parental species was determined by counting
the total number of plant specimens.

Results and discussion

Neotinea x dietrichiana (Bogenh.) H. Kretzschmar,
Eccarius & H. Dietr., Orchid Gen. Anacamptis Orchis Ne-
otinea: 464 (2007) (Fig. 1B). Synonyms: Orchis x dietri-
chiana Bogenh., Taschenb. Fl. Jena: 351 (1850); Orchis
x austriaca A.Kern. Hybrid formula: N. tridentata subsp.
tridentata x N. ustulata var. ustulata (Figs. 1A and 1C).

Morphology

A comparison of the observed morphological charac-
ters of N. x dietrichiana and its two parental species
is given in Table 1, while the measurements of spec-
imens from Serbia are typed in bold. The morpholo-
gy of the hybrid (Fig. 1B) is intermediate between that
of the two parental species (Figs 1A and 1C) in near-
ly all characters. However, some traits are dominant-
ly inherited from one of the two parental species. The
most important distinctive characteristics of the hy-
brid are the colour and disposition of the outer peri-
anth segments, as well as the structure of the labellum
and its lobes. The shape of the ripe inflorescence is not
clearly spherical, but is longer than wide, resembling
that of N. ustulata. The size of flowers is intermedi-
ate between that of the two parental species. The in-
fluence of N. ustulata is clearly recognized in the per-
ianth segments, which make a dark-coloured galea
(hood). However, the galea is acuminate as in N. tri-
dentata. The influence of N. tridentata is to be recog-
nized in the extended lobes of the labellum. The size
of the spur is intermediate between that of the two pa-
rental species (Table 1).
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Fig. 1. Neotinea x dietrichiana and its two parental species (all from the village of Stoji¢i, southwestern slopes of Mt Maljen, Western
Serbia, 26.05.2005, photos V. Djordjevi¢). A — N. tridentata subsp. tridentata; B - N. x dietrichiana; C - N. ustulata var. ustulata.

Table 1. Comparison of morphological characters of Neotinea x dietrichiana and its two parental species.

N. tridentata

N. x dietrichiana

N. ustulata

Tubers

2 ellipsoid or ovoid

2 ellipsoid or ovoid

1-2 (-3) subglobose or ellipsoid

Stem height

15-24.8-35-40 (-45) cm

26.1-36 cm

12-28-31.5-35 (-60) cm

Leaves

4-7-8-11 leaves, with sheaths above, glaucous
green, oblong to lanceolate, unspotted,2-9.5-
10 cm long and 0.5-1.2-2 cm wide

8-10 leaves, with sheaths above,
oblong-acuminate to broadly
lanceolate, unspotted, 2-10.5 cm
long and 0.5-1.5 cm wide

5-6-9-10 leaves, oblong-acuminate to broadly
lanceolate, unspotted, 2-7.7-10 (-15) cm long and
0.5-1.4-2 (-3) cm wide

Bracts

lanceolate, acuminate, 1-veined, pale lilac,
(3-) 4-11 mm long, shorter than to about
as long as ovary

lanceolate, reddish, membranous,
4-7 mm long, shorter than ovary

ovate-lanceolate, 1-veined, reddish, membranous,
2-3 mm long, shorter than to about as long as
ovary

Inflorescence

initially conical, becoming (near) ovoid,
short, dense, 26-49 mm long and up to 20-
35 mm wide

initially ovoid, becoming lax at the
base, cylindrical, 28-39 mm long
and up to 21-26 mm wide

initially dense, short and ovoid, becoming lax at
the base, cylindrical, 23-57 (-100) mm long and
up to 13-20 mm wide

Flowers

entirely lilac or crimson-pink, seldom
whitish, veined purple; all perianth segments
convergent into an acuminate galea

reddish-purple; all perianth
segments form an acuminate galea

pink to greenish washed purple inside, purple
to dark-blackish-brown outside; all perianth
segments convergent into a tight, ovoid or shortly
acuminate galea

Sepals

lanceolate, 8-10-13 mm long

lanceolate, 4-6 mm long

oval-lanceolate, 3.5-4.5 mm long

Petals

lanceolate, 4-7 (-10) mm long

lanceolate, 3-5 mm long

linear, near spatulate, keeled, 3-3.5 mm long

Labellum

3-lobed, (6-) 7-9 (-12) mm long, the same
colour as the hood, but slightly paler, well
spotted over the entire surface; lateral lobes
oblong, near spatulate, obliquely truncated,
2-6 mm long; middle lobe 3-7 mm long,
most often 2-lobed; secondary lobes broad,
often near rhomboidal, seldom toothed or
separated by a small tooth

3-lobed, 5-8 mm long, white or pale
pink with purple spots; lateral lobes
oblong to rhomboid, occasionally
denticulate at apex, 3-5 mm long;
middle lobe 4-6 mm long, divided
into 2 secondary lobes with a small
tooth between them

3-lobed, 3-5-8 mm long, white or pale-pink, with
a few papillose purple spots; lateral lobes oblong,
occasionally falcate, near spatulate, rounded,
occasionally obliquely truncated, 2-4 mm
long; middle lobe 3-5 mm long, divided into 2
secondary lobes, seldom entire, slightly divergent,
occasionally separated by a small tooth

Spur

3-7-10 mm long, cylindrical, about as long
as ovary

2.5-4 mm long, cylindrical, about
half as long as ovary

1-2 mm long, cylindrical, shorter than ovary

Ovary

5-12 mm long

5-8 mm long

2-4 mm long
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General distribution

N. x dietrichiana has been recorded in: Russia, France,
Austria, Czech Republic, Slovakia (Peitz 1972); Germa-
ny (Kretzschmar & al. 2007); Switzerland (Reinhard &
al. 1991); Hungary (Molnar & al. 1995); Italy (Cozzoli-
no & al. 1998), and Slovenia (Bovec-Vrsi¢ and Tolmin;
Hertel, S. pers. comm.). In the Balkans, the hybrid has
been recorded in Greece (Mt Menikion and Mt Falak-
ron; Tsiftsis & al. 2007), Croatia (Kozina; Golz & Re-
inhard 1986; Plitvicka Jezera Lakes and near Jasenak;
Kranjc¢ev 2005), and Bosnia-Herzegovina (the plateau
Borje and Gradina, near Sarajevo; Maly 1928).

The parental species N. tridentata is a Balkan-Pon-
tic species, with a main range from the Pyrenees to
the Caucasus, Iraq and the Caspian Sea. It is wide-
spread and rather rare in the western part of its range,
but common in Anatolia (Delforge 2006; Kretzsch-
mar & al. 2007). N. ustulata is an Euro-Siberian spe-
cies, which is distributed north to the Baltic; it is wide-
spread and rare in the Mediterranean zone (Delforge
2006). Tali & al. (2004) noted that N. ustulata occurs
almost across the entire Balkans.
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Fig. 2. Distribution of Neotinea x dietrichiana in Serbia.

Distribution in Serbia

N. x dietrichiana has been recorded in Western Serbia:
Mt Maljen, Stoji¢i (Razana Railway Station), UTM
DP17, ass. Danthonietum calycinae, serpentine, alt.
490 m, exp. NW, 26.05.2005, coll./det. V. Djordjevi¢
(BEOU 16478); Mt Maljen, Stoji¢i (Razana Railway
Station), UTM DP17, ass. Danthonietum calycinae,
serpentine, alt. 490 m, exp. SW, 26.05.2005, coll./det. V.
Djordjevi¢ (BEOU 16479); Mt Maljen, Stoji¢i (Razana
Railway Station), UTM DP17, ass. Chrysopogonetum
grylli, serpentine, alt. 510 m, exp. W, 26.05.2005, coll./
det. V. Djordjevi¢ (BEOU 16480) (Fig. 2).

The finding of N. x dietrichiana in the village of
Stoji¢i (on the southwestern slopes of Mt Maljen,
Western Serbia) is the first record of this hybrid on
the territory of Serbia. This is the most continental
known record of this hybrid in the Balkans, and the
second record in the Central Balkans after almost 80
years. At the same time, the locality of the hybrid in
Serbia is the northernmost limit of its distribution
in the Central Balkans. It was found earlier near Sa-
rajevo, in Bosnia-Herzegovina (Maly 1928). In a bi-
ogeographical aspect, Mt Maljen belongs to an in-
termediate zone connecting the Illyric and Moesic
phytogeographical provinces. In addition, the moun-
tain is exposed to the influence of the Pannonian cli-
mate. This position has enabled different floristic in-
fluences, so it is not surprising that the two parental
species overlap here in their range and, therefore,
have made sympatric zones.

Habitat, ecology and population data

Like its two parental species, N. x dietrichiana has
been found to grow on serpentine substrate on the
southwestern slopes of Mt Maljen (Western Ser-
bia). All specimens have been recorded on moder-
ately moist soil, under a full-light regime. The hab-
itats are west-, southwest- and northwest-exposed
slopes, with 5-30° inclination. N. x dietrichiana is a
member of the xero-mesophilous steppe-like mead-
ow communities Danthonietum calycinae Cincovi¢
et Koji¢ 1958 and Chrysopogonetum grylli Gaji¢ 1954,
both of the alliance Chrysopogoni-Danthonion calyci-
nae Koji¢ 1957, order Festucetalia valesiacae Br.-Bl.
et Tx. 1943, and class Festuco-Brometea Br.-Bl. et Tx.
1943. The floristic compositions of these two com-
munities are presented in the phytocoenological rel-
evés (Table 2).
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Table 2. The phytocoenological relevés in Serbian habitats of Neotinea x dietrichiana. 1 & 2 - Danthonietum calycinae;
3 - Chrysopogonetum grylli.
No. Relevé 1 2 3 No. Relevé 1 2 3
Altitude (m) 490 510 510 Altitude (m) 490 510 510
Exposition NwW w w Exposition NwW w w
Inclination (°) 20-30 20 20 Inclination (°) 20-30 20 20
Relevé area (m?) 25 25 25 Relevé area (m?) 25 25 25
Date 01.07.2005 01.07.2005 01.07.2005 Date 01.07.2005 01.07.2005 01.07.2005
Species Cruciata laevipes Opiz + + +
Danthonia calycina (Vill.) Rchb. 4.4 4.4 Ajuga reptans L. +
Rhinanthus rumelicus Vel. 1.1 22 22 Trifolium repens L. + +
Trifolium montanum L. 2.2 1.2 Prunella laciniata L. + +
Dorycnium pentaphyllum Scop. 1.2 1.2 +.2 Bellis perennis L. +.1 +.1 +.1
subsp. herbaceur (Vill.) Rouy Neotinea ustulata (L.) RM. +.1 + +.1
Filipendula vulgaris Moench 1.2 12 1.2 Bateman, Pridgeon & M.W. Chase
Cynosurus cristatus L. 1.1 +1 + Neotinea tridentata (Scop.) R.M. +.1 +.1 +.1
Inula britannica L. 12 . Bateman, Pridgeon & M.W. Chase
Ononis arvensis L . 1 . Neotinea x dietrichiana.(Bogenh.) + + +
’ ’ : ’ H. Kretzschmar, Eccarius & H.
Chrysopogon gryllus (L.) Trin. 33 Dietr.
Agrostis stolonifera L. 1.2 Galium verum L. + + +
Melampyrum arvense L. +.1 22 Dactylis glomerata L. +
Agrostis capillaris L. +.1 +.1 +.1 Centaurea phrygia L. +.1 +.1 +.1
Lotus corniculatus L. +.2 +.1 +.2 Tragopogon pratensis L. +.1 +.1 +
Ranunculus montanus Willd. +.1 +.1 Polygala comosa Schk. + +.1 +
Potentilla erecta (L.) Raeusch. +.1 +.1 +.1 Anacamptis pyramidalis (L.) Rich. r +.1 +.1
Achillea millefolium L. +.1 +.2 +.1 Medicago sativa L. + +
Briza media L. +.1 1.1 1.2 Rumex acetosa L. +
Anthoxanthum odoratum L. +.2 +.2 +.1 Ornithogalum pyramidale L. +.1 +.1
Trifolium pratense L. +.1 +.1 +.1 Salvia pratensis L. +.1 +.1
Hieracium pilosella L. +.1 +.2 Ranunculus acris L. +.1 +.1 +.1
Veronica chamaedrys L. +.1 +.1 Coronilla varia L. +.1 1.2
Thymus sp. +.2 +.2 +.2 Centaurea scabiosa L. + + +.1
Dianthus carthusianorum L. + +.1 Potentilla recta L. + +
Plantago lanceolata L. + + + Fragaria vesca L. + +
Leucanthemum vulgare Lam. + + + Stachys officinalis (L.) Trevisan + + +.1
Sanguisorba minor Scop. + + + Knautia arvensis (L.) Coult. + +
Anacamptis morio (L.) RM. +.1 + +.1 Linum catharticum L. + +
Bateman, Pridgeon & M.W. Chase Trifolium patens Schreb, N +1
Galium mollugo L. * * * Euphorbia esula subsp. + +
Campanula patula L. + + + tommasiniana (Bertol.) Nyman
Euphrasia stricta Wolff + + Plantago media L + +
Prunella vulgaris L. + + Crepis biennis L. +.1
Leontodon crispus Vill. + + Salvia verticillata L. +
Luzula campestris (L.) DC. + + Linaria vulgaris Mill. +




168

Djordjevié, V. & al. « Neotinea x dietrichiana (Orchidaceae) in Serbia

Phytosociological sampling has been done in the
beginning of July, while the abundance of N. x dietri-
chiana and its two parental species has been estimat-
ed at the end of May. The presence of Pontic species
Rhinanthus rumelicus, Pontic-Submediterranean spe-
cies Inula britannica, Knautia arvensis, Trifolium mon-
tanum, Salvia pratensis, Chrysopogon gryllus, Filipen-
dula vulgaris, Melampyrum arvense, and Veronica
chamaedrys, as well as of Mediterranean-Submediter-
ranean-Pontic species Leontodon crispus, Dorycnium
pentaphyllum subsp. herbaceum and Sanguisorba mi-
nor indicates the xerothermic conditions and steppe-
like character of the habitats. The edificator species
Chrysopogon gryllus is a thermophilous plant, while
Danthonia calycina belongs to the intermediate group
between mesothermic and thermophilous plants
(Koji¢ & al. 1997), which also testifies to the thermo-
philous nature of the meadows. The high abundance
of Chrysopogon gryllus, Danthonia calycina, Rhinan-
thus rumelicus, Filipendula vulgaris, Briza media, Tri-
folium montanum, and Dorycnium pentaphyllum sub-
sp. herbaceum indicates the oligotrophic character
of the habitats, considering that these species belong
to the intermediate group between oligotrophic and
mesotrophic plants (Koji¢ & al. 1997). Other orchid
species that have been found in these two commu-
nities were Anacamptis morio and A. pyramidalis. In
contrast to its two parental species, the hybrid has not
been found to grow in the hygro-mesophilous mead-
ow community Molinietum coerulae W. Koch 1926
(Molinion coeruleae Horv. 1949, Molinetalia coeruleae

Koch 1926, Molinio-Arrhenatheretea Tx. 1937). Such
absence of hybrid specimens suggests that increased
moisture is probably the limiting factor for appear-
ance of the hybrid.

Population size of N. x dietrichiana and its two
parental species in relation to ecological factors and
plant community types is presented in Table 3. N. x
dietrichiana has been recorded at an altitude between
490 m and 510 m. Eighteen specimens of N. x dietri-
chiana have been found there, and its total population
size is estimated under 50 specimens. Furthermore, its
area of distribution is estimated to be below 1 km?.
Hybrid plants have been found mostly at sites where
the population size of N. tridentata was larger than the
population size of N. ustulata (Table 3). Between 490
m and 540 m a.s.l, a total of 1569 specimens of N.
tridentata and a total of 131 specimens of N. ustula-
ta have been recorded. N. x dietrichiana has not been
found on the higher belts of Mt Maljen, while allopat-
ric populations of the two parental species have been
recorded at higher altitudes (950-960 m) (Table 3).
Population data suggest that the abundance of the two
parental species on Mt Maljen was decreasing with al-
titude. According to Pellissier & al. (2010), the relative
frequency of food-deceptive orchids decreases with
increasing altitude, indicating that deception may be
less profitable at high altitude, as compared to low al-
titude. The low abundance of the two parental species
and the absence of hybrid plants at higher altitudes on
Mt Maljen may have been caused by environmental
factors correlated with altitude, such as temperature

Table 3. Population size of Neotinea x dietrichiana and its two parental species on Mt Maljen (Serbia) in relation to ecological factors

(altitude, exposition and inclination) and plant community types

Population size

Locality Altitude Exposition Inclination Plant Date Neotinea Neotinea x Neotinea
(m) ©) community tridentata dietrichiana ustulata

Stojici 490 NW 20-30 Danthonietum calycinae ~ 26.05.2005 12 2 27

Stojici 490 SW 10 Danthonietum calycinae ~ 26.05.2005 309 4 5

Stojici 500 Sw 5 Danthonietum calycinae ~ 26.05.2005 204 3 10

Stojici 500 Sw 15 Danthonietum calycinae ~ 26.05.2005 363 - -

Stoji¢i 510 ZIW 0-20 Danthonietum calycinae ~ 26.05.2005 146 5 24

Stoji¢i 510 w 20 Chrysopogonetum grylli ~ 26.05.2005 151 4 20

Stojici 520 SW 5 Danthonietum calycinae ~ 26.05.2005 198 - 3

Mrei¢i 535 Z 0 Molinietum coerulae 26.05.2005 - -

Mridi 535 w 5 Molinietum coerulae 26.05.2005 186 - 27

Mréici 540 SW 5 Molinietum coerulae 26.05.2005 - - 12

Div¢ibare 950 Z 0 Danthonietum calycinae ~ 20.05.2004 2 - -

Divéibare 960 Z 0 Danthonietum calycinae ~ 17.06.2002 - - 6

Divéibare 960 Z 0 Danthonietum calycinae ~ 17.06.2002 - - 2

Divéibare 960 Z 0 Danthonietum calycinae ~ 17.06.2002 - - 3
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and humidity, by the low presence of appropriate pol-
linators, and by the fact that orchids require the pres-
ence of a suitable mycorrhizal symbiont for seed ger-
mination.

However, according to literature data, N. x dietri-
chiana has a great altitudinal range, between 170 m
in Germany (Kretzschmar & al. 2007) and 1668 m in
Switzerland (Renz 1944). In Bosnia-Herzegovina, the
hybrid has been recorded at 1200 m a.s.1. (Maly 1928).
In Greece (Mt Menikion and Mt Falakron), N. x di-
etrichiana inhabits the openings of Carpinus-Ostrya
shrubs, subalpine grasslands and the openings of Pi-
nus nigra Arn. forests (Tsiftsis & al. 2007), and it has
been recorded at an altitude between 400 m and 1600
m (Tsiftsis, S. field obs.). It has been assumed that in
Greece the higher altitude range of the hybrid is re-
lated to the climatic conditions correlating with lat-
itude. The presence of thermophilous Submediter-
ranean species Ostrya carpinifolia Scop., Carpinus
orientalis Mill. and Pinus nigra Arn. indicates xero-
thermic habitat conditions. However, the higher belts
of Mt Maljen (Serbia), in which the hybrid is absent,
are represented by forests of Pinus sylvestris L., beech
forests and mixed beech-fir forests, indicating colder
and more humid conditions. In Croatia (Kozina), it
grows in grasslands and grasslands with Juniperus sp.,
between 470 m and 490 m a.s.l., with S-SSW and W-
WNW exposition (Golz & Reinhard 1986). The alti-
tudinal range of the hybrid there is similar to that in
Serbia, while the presence of N. x dietrichiana in the
predominantly western exposition conforms with the
findings of the hybrid in Serbia.

Data on the occurrence of N. x dietrichiana on Mt
Maljen (Serbia) and literature data suggest the helio-
philous and thermophilous character of the hybrid.
Its presence on serpentine habitats in Serbia confirms
this fact, considering that the open serpentine habi-
tats, especially in the lowlands and at middle altitudes,
are thermophilous and xeric (Jakovljevi¢ & al. 2011).
The specific chemical properties of serpentine soils
(high concentrations of iron, magnesium, nickel, co-
balt and chromium, and reduced nutrients) contribute
to the xerotermicity of the habitat. The pH values of
serpentine substrate vary from basic to ultrabasic (pH
5.5-8.0) (Stevanovi¢ & al. 2003). However, although
it is known that the two parental species of N. x di-
etrichiana prefer alkaline substrates, they are primar-
ily characteristic of calcareous substrates, and not of
serpentine (Delforge 2006; Tali & al. 2004).

The occurrence of N. x dietrichiana on Mt Maljen
(Serbia) in sunny steppe-like meadows, on moderate-
ly moist soil is not surprising, considering the eco-
logical preferences of the two parental species. N. tri-
dentata grows in full light, seldom in slight shade, on
soils that are moderately dry to moist, well aerated
and rich in humus, with a pH of 5.5 to 8.0 (Vakhra-
meeva & al. 2008). It inhabits short and poor grass-
lands, poor meadows, open garrigues, mountain pas-
tures, banks, open woodlands, and woodland edges,
up to 1600 m (Delforge 2006). The majority of popula-
tions occur in the orders Festuco-Sedetalia and Molini-
etalia, and in the alliance Mesobromion (Oberdorfer
1994). N. ustulata is a light-requiring plant growing
on moderately moist, often clayish soils, with a pH
of 4.9 to 8.5, and hardly tolerates excessive moisture,
as well as drought (Vakhrameeva & al. 2008; Tali &
al. 2004). It inhabits short grasslands, mountain pas-
tures, transitional zones of marshland, garrigues, and
open woodlands, up to 2400 m (Delforge 2006; Tali &
al. 2004; Harastova-Sobotkova & al. 2005). N. ustula-
ta occurs in the alliances Mesobromion, Cirsio-Brach-
ypodion pinnati, Arrhenatherion, Festucion valesiacae,
Violion caninae, Geranion sanguine, and Quercion pu-
bescenti-petraeae (Tali & al. 2004; Oberdorfer 1994;
Harastova-Sobotkova & al. 2005). In Serbia, N. ustula-
ta was recorded in the communities Carpinetum ori-
entalis serbicum Rudski 1940. Rudski em. Jovanovié
1953, Danthonietum calycinae Cincovi¢ et Koji¢
1958, and Potentilleto-Caricetum humilis R. Jovanovié
1955 (Dikli¢ 1976). Both parental species are mem-
bers of the community Inulo-Chrysopogonetum gryl-
li Stevanovi¢ 1984 stipetosum pulcherimae Stevanovi¢
1984 on Mt Fruska Gora (Vojvodina, Nothern Ser-
bia) (Savi¢ 1998). The hybrid N. x dietrichiana has not
been recorded there, although there are similarities
between this community and the community Chrys-
opogonetum grylli Gaji¢ 1954 described on Mt Maljen.

Flowering period

Similarly to its two parental species, the flowering of
N. x dietrichiana lasts from mid-May to mid-June
on the southwestern slopes of Mt Maljen (alt. 490-
540 m). The optimal (full) flowering period is in the
fourth week of May. On the higher belt of Mt Maljen
(alt. 950-960 m), the flowering period of N. tridentata
is the same as at lower altitudes, while the flowering of
N. ustulata lasts from about the first week of June until
the end of June, with an optimal (full) flowering peri-
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od in the second and the third weeks of June. The dif-
ferent flowering periods of the two parental species are
the possible reasons why the hybrid does not occur at
higher altitudes on Mt Maljen. Although the existence
of early- and late-flowering populations of N. ustula-
ta has led many authors to distinguish the two sepa-
rate varieties/ subspecies (ustulata and aestivalis) (Tali
& al. 2004; Harastova-Sobotkova & al. 2005; Tali & al.
2006), all populations of N. ustulata on Mt Maljen are
identified as early-flowering (var. ustulata).

Pollination

Both parental species of N. x dietrichiana are cross-pol-
linated and food-deceptive orchids. The pollinators of
N. tridentata are Apis mellifera L., Halictus patellatus
Morawitz, Osmia bicornis L., and O. niveata Fabricius
(Cozzolino & al. 2005). The pollinators of N. ustulata
are Echinomyia magnicornis Zett. (Diptera, Tachinidae)
(Delforge 2006) and Leptura livida Fabricius (Coleop-
tera, Cerambycidae) (Tali & al. 2004). In this study, the
pollinators of the hybrid and its parental species have
not been recorded. The hybrid might have originated
by mistake made by one of the pollinators or through
accidental cross pollination by some other pollinators.

Conservation

N. x dietrichiana is protected by the Convention on In-
ternational Trade in Endangered Species of Wild Fauna
and Flora (CITES) like all members of the family Orchi-
daceae, including hybrids (Hagsater & Dumont 1996). In
addition, its two parental species are protected by law in
most of Europe. It should be noted that hybridization is
of limited importance as a basis for speciation in food-
deceptive orchids and it does not pose a threat to their
survival, but sympatric zones are important because they
provide the stage for evolutionary processes in orchids
(Cozzolino & al. 2006; Moccia & al. 2007). Consequent-
ly, conservation priorities should focus mostly on the hy-
brid zones and the sympatric zones, instead of the hybrid
individuals (Cozzolino & al. 2006). The threat factors
to N. x dietrichiana and its two parental species on Mt
Maljen are plowing of meadows and their conversion in-
to agricultural land, change in the grazing regime, in-
creasing of moisture through irrigation, and habitat de-
struction by urbanization.
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