











PDUNLQJV ZKLFK DUH ODUJHU VPRXO@GEIWV KR miilbidad® Rt stripes and
resembleN. ustulata Middle labellar lobe is divided into  dots are deepurple to red (heterosis effect) resembling
two smaller lobules resembling both N. ustulaad A. papilionacea 7KH VSXU LV FRQLFDO WK|
N. tridentata .UHW ]V&KIRDU 7KH KHO P HAVaorigpbdra. Population counts: single individual,
tighter, purplecoloured, resembling N. tridentatén GLVFRYHUHG LQ Hemarium voucher
N. ustulata WKH\ D UH GG WBRND GdelBuwad). E GeEilen: deposited at the Herbarium of the Botanical
Population counts: single individual, discovered in June Garden  Bucharest: BUC  410363. Proposed

LQ 3 UDKRY DProgoRed Qcdhservation  conservation status:(QGDQJHUHG (1
status: (QGDQJHUHG (1

Anacamptis coriophora Anacamptis * menosii Anacamptis papilionacea

Figure 4 Ophrys x minuticaudaDuffort , 1902
. )XOO SODQWYV LQ WK HnflafesgdntéxX UD O KL
Figure 3. Anacamptis x menosi(Chr. Bernard & G. G H WID. Ui@lvidual flower detair ODWHUMBM.YLHZ
Fabre) H. Kretzschmar, Eccarius & H. Dietr., 2007 G. - Ophrys apiferaB., E., H. - Ophrys x minuticauda
. )XOO SODQWYV LQ WK.Hriflore€énwéX U D O., K DIE-IOphfys\stblopasubsp cornuta. Photos ©
GHWIDLAVGLYLGXDO IIORZEBY GHWRROD ( $QIJKHOHVFX%XFHIRHDWXUDO 3

Anacamptis coriophoraB., E., H.- Anacamptis x 526&, Prahova County
menosii C., F., |. - Anacamptipapilionacea. Photos ©

1RUD ( $QJKHOHVFX 0D\ 0 Hybrid formula: @ .XapNgra x O. scolopaxsusp.

cornuta

Hybrid formula: A. coriophora x A. papilionacea. Discovered: -XQH 5DP\ . ADADORX I
Discovered: 0D\ 1RUD ( $QadckH Olclassicus: % XFHJL 1D WXABEO 3moudting
classicus: OHKHGLQ L FoRetigWilme: May- time: May-June Native to: France, Greece, Crimea,
June Native to: France, Portug® 6DUGHJQD INorth Caucasus, Sardegna,pa®, Transcaucasus,
Description: 6 WHP H S LJH DEP HUHFW 7XUNH\ 5RJe&Mtidd: Stem (epigeal), 25
green, no purple pigmentation. 21-basal leaves, cm, erect, vivid green. 1 basal leaf, sheathing the stem, 3
sheathing the stem, Bcauline leaves, unspotted, sessile, 5 cauline leaves, unspotted, sessile, green, acuminate
vivid-green, acuminate, sheathing the stem (resemblingqresemblingO. apifera ,QARUHVFHQFH OD[ UDF
A. coriophora  B(papilionacea, the leaves are veined, |ORULIH8 RXediumVL]HG IORZHUV UHVH
purple WLQJHG DW WKH WLSV , Q AB. it HVQPFDHO OHPU  thiBcllbiddskspaduda.
(resembling A. papilionacea), less floriferous, -8 Sepals lightSLQN FHQWUDOO\ JUHHQ YHL
mediumVL]HG [IORZHUV A.UEDVdpROERO L @J apifera Lateral petals, greenish, villous (resembling
Helmet deegpurple pigmented, tight, with elongated tip, O. apiferg triangular and equal to those of O. scolopax
resemblingA. coriophora. Labellum entire, hesshaped  subsp. cornuta. Labellum threelobed, median lobe
(in upper flowers, resembling A. papilionacea) to mildly slightly ~elongated, speculum bluish, resembling
threelobed (in basal flowers, resembling A. coriophora  O. scolopax subsp. cornuta. Lateral lobes pointed,
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conical-elongated, shorter, resembling O. scolopax
subsp. cornuta. Basal field orange-brown, wider,
resembling O. apifera. Appendix oblique to the labellum,
intermediate between parents. Pollinia with shorter

caudicle, overhanging resembling O. apifera.
Population counts: single individual. Herbarium
voucher specimen: deposited Herbarium of the

Botanical Garden Bucharest: BUC 410370. Proposed
conservation status: Endangered (EN).

Figure 5. Orchis x loreziana nothosubsp. kisslingii
(Beck) Potucek, 1976
I. Inflorescences details; II. Full plants in their natural
habitats; III. Individual flower detail - lateral view; A.,
D., G. - Orchis mascula subsp. speciosa; B., E., H. -
Orchis x loreziana nothosubsp. kisslingii; C., F., L. -
Orchis pallens. Photos © Nora E. Anghelescu, 5 May
2023, Hunedoara County
Hybrid formula: O. mascula x
O. pallens.
Discovered: 5 May 2021, Nicoleta Kigyossy, Camelia &
Cornel Alexandru. Locus classicus: Hunedoara County
Flowering time: May-June. Native to: Romania,
Austria, Czechoslovakia, Crimea. Description: Stem
(epigeal), 20-55 cm, erect, purple-tinged in the upper part
(inflorescence). 3-4 basal leaves, forming a rosette, 1-3
cauline leaves, unspotted (3 hybrids - resembling
O. pallens) and basally purple spotted (2 hybrids -
resembling O. mascula subsp. speciosa), sessile, vivid-
green, acuminate, sheathing the stem. Inflorescence lax
to dense, 10-20 cm raceme, floriferous (resembling
O. mascula subsp. speciosa). Labellum shape, purple

susp. speciosa
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colour and hyperpigmented parallel stripes resemble
O. mascula subsp. speciosa parent. Median and lateral
lobes scalloped, intermediate Spur near-perpendicular to
labellum, yellowish-purple, resembling O. pallens. The
green parallel elongated stripes on lateral and median
sepals resemble O. pallens. Population counts:
Nothopopulation of five hybrids. Herbarium voucher
specimen: deposited at the Herbarium of the Botanical
Garden  Bucharest: BUC  410372.  Proposed
conservation status: Endangered (EN).

Dactylorhiza majalis

Dactylorhiza x ruppertii  Dactylorhiza sambucina

'3 >~

re 6. Dactylorhiza x ruppertii (M. Schulze) Borsos
& S06, 1960
1. Full plants in their natural habitats; II. Inflorescences
details; III. Individual flower detail; A., D., G. -
Dactylorhiza majalis; B., E., H. - Dactylorhiza »
ruppertii; C., F., L. - Dactylorhiza sambucina. Photos ©
Nora E. Anghelescu, 10 June 2023, Harghita County

- L

Figu

Hybrid formula: D. majalis x D. sambucina.

Discovered: 10 June 2021, Hajnalka Kertész. Locus
classicus: Harghita County. Flowering time: May-June.
Native to: Austria, Czechoslovakia, France, Germany,
Switzerland, Romania. Description: Stem (epigeal), 12-
25 cm, erect, vivid green, mildly pigmented at the tip
(resembling D. majalis). 1 basal leaf, sheathing the stem,
2-3 cauline leaves, sessile, vivid-green, acuminate,
narrow-elongated, sheathing the stem (resembling
D. sambucina), with minute purple maculae at the tips,
resembling D. majalis. Inflorescence dense raceme, less
floriferous, resembling D. majalis. Flowers large
resembling D. sambucina. Labellum widely spread
(resembling D. sambucina) and purple-pink coloured



with mildly circular purple loops resemble D. majalis. vivid green, narrow-lanceolate. Inflorescence dense

Labellar central purple-pink dots and yellowish base raceme, 6-7 cm, floriferous, cylindrical, resembling
resemble D. sambucina. Spur thicker, sacciform D. saccifera. Flowers pinkish, medium-sized, 7-9 mm
resembling more D. sambucina. Basal flower bracts diameter. Lateral sepals wide-spread (resembling
longer than the flowers, purple pigmented, resembling G. conopsea), dorsal sepal and lateral petals forming a
D. majalis. Population counts: Nothopopulation of five loose hood, resembling D. saccifera. Labellum three-
hybrids, including four dark-red hybrids between D. lobed, equal in size, resembling G. conopsea, marked
majalis X D. sambucina f. rubra. Herbarium voucher with purple stripes resembling D. saccifera. Spur
specimen: deposited Herbarium of Botanical Garden clongated, twice as ovary, pointed similar to
Bucharest: BUC 410367. Proposed conservation G. conopsea. Population counts: single individual.
status: Endangered (EN). Herbarium voucher specimen: deposited Herbarium of

the Botanical Garden Bucharest: BUC 410366.
Proposed conservation status: Endangered (EN).

Dactylorhiza x Dactylodenia Gymnadenia

1 saccifera sinaiensis conopsea
Dactylorhiza x Dactylodenia Gymnadenia
fuchsii heinzeliana conopsea

: n
Garay & H.R. Sweet, 1969
1. Full plants in their natural habitats; II. Inflorescences

L a o e e s e A e T
Anghelescu, L. Balogh & Mih. Balogh, 2023 details; III. Individual flower detail; A., D., G. -
nothosp. nov. Dactylorhiza fuchsii; B., E., H. - x Dactylodenia
L. Full plants in their natural habitats; IL. Inflorescences heinzeliana; C., F., I. - Gymnadenia conopsea. Photos
details; III. Individual flower detail; A., D., G. - B., E., H. © Remus Dulugeac, 01 July 2023, Arges
Dactylorhiza saccifera; B., E., H. - x Dactylodenia County; Photos A., C., D., F., G., 1. © Nora E.
sinaiensis; C., F., 1. - Gymnadenia conopsea. Photos © Anghelescu, 10 July 2023, Bucegi Natural Park.
Nora E. Anghelescu, 10 July 2023, Bucegi Natural Park Hybrid formula: D. fuchsii x G. conopsea. Discovered:
ROSCI0013, Prahova County 1 July 2023, Remus Dulugeac. Locus classicus: Arges
Hybrid formula: D. saccifera *x G. conopsea. County. Flowering time: June-July. Native to: Austria,
Discovered: 2 July 2023, Nicoleta Kigyossy. Locus Belgium, Czechoslovakia, France, Germany, Great
classicus: Bucegi Natural Park. Flowering time: June- Britain, Ireland, Netherlands, Poland, Switzerland,
July. Native to: Romania, endemic, nothosp. nov. Yugoslavia, Romania. Description: Stem (epigeal),
Description: Stem (epigeal), 22-24 cm, erect, vivid 10(12) cm, erect, vivid green, purple-tinged at the tip,
green, pigmented at the tip, resembling D. saccifera. 1 resembling D. fuchsii. 2 basal leaves, 2-3 cauline leaves,
basal, 3 cauline leaves, purple-pigmented, arched, oval- purple-pigmented, arched, oval-acuminate resembling
acuminate resembling D. saccifera. Upper cauline leaf, D. fuchsii. Upper cauline leaf, vivid green, narrow-
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lanceolate, non-pigmented. Inflorescence dense raceme,
less floriferous, flowers pinkish, medium-sized, 7-9 mm
diameter, resembling D. fuchsii. Lateral sepals wide-
spread (resembling G. conopsea), dorsal sepal and lateral
petals forming a loose hood, resembling D. fuchsii.
Labellum  three-lobed, lateral lobes  scalloped

(resembling G. conopsea), median lobe pointed, marked
with purple loops and stripes resembling D. fuchsii. Spur
longer than the ovary, pointed downwards, resembling
G. conopsea. Population counts: single individual.
Proposed conservation status: Endangered (EN).

) G ‘5‘ —_H 3 E s
Figure 9. x Dactylodenia lebrunii (E.G. Camus) Peitz,
1972

I. Full plants in their natural habitats; II. Inflorescences
details; III. Individual flower detail; A., D., G. -
Dactylorhiza majalis; B., E., H. - X Dactylodenia
lebrunii; C., F., 1. - Gymnadenia conopsea. Photos B., H.
© Lori Balogh; Photos A., C.-G., I. © Nora E.
Anghelescu, 2 June 2023, Vlahita, Harghita County

Hybrid formula: D. majalis x G. conopsea.
Discovered: 2 June 2019, Lori & Mihaela Balogh.
Locus classicus: Vlahita, Harghita County. Flowering
time: May-June. Native to: Austria, Czechoslovakia,
France, Germany, Poland, Sweden, Switzerland
Romania. Description: Stem (epigeal), 23(27) cm, erect,
vivid green, mildly purple-tinged at tip, resembling
D. majalis. 1 basal leaf, 2-3 cauline leaves, purple-
pigmented, arched, elongate-acuminate resembling
D. majalis. Inflorescence dense raceme, very floriferous,
cylindrical-elongated, resembling G. conopsea. Flowers
pinkish-purple, medium-sized, 5-8 mm diameter,
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resembling D. majalis. Lateral sepals roundish-ovoidal,
widespread (resembling G. conopsea), dorsal sepal and
lateral petals forming a loose hood, resembling
D. majalis. Labellum flat, wide, three-lobed, lateral lobes
scalloped (resembling G. conopsea), median lobe
narrower, pointed, marked with dark purple loops and
stripes resembling D. majalis. Spur equal/longer than the
ovary, pointed downwards, resembling G. conopsea.
Population counts: single individual. Herbarium
voucher specimen: deposited at the Herbarium
Botanical Garden Bucharest: BUC 410365. Proposed
conservation status: Endangered (EN).

x Dactylodenia
vitosensis

Gymnadenia
conopsea

Figure 10. X Dactylodenia cf. vitosensis Jagiello, 1988
1. Full plants in their natural habitats; II. Inflorescences
details; III. Individual flower detail; A., D., G. -
Dactylorhiza cordigera; B., E., H. - X Dactylodenia cf.
vitosensis, C., F., . - Gymnadenia conopsea. Photos B.,
E., H. © Remus Dulugeac, 26 May 2018, Arges County;
Photos A., C., D., F., G, I. © Nora E. Anghelescu,

10 July 2023, Bucegi Natural Park
Hybrid formula: D. cordigera > G. conopsea.
Discovered: 26 May 2018, Remus Dulugeac. Locus
classicus: Arges County. Flowering time: May-June.
Native to: Bulgaria, Romania. Description: Stem
(epigeal), 14(16) cm, erect, vivid green, spindly,
resembling G. conopsea. 1-2 basal and 1 cauline leaves,
vivid-green, non-pigmented, narrow-lanceolate,
acuminate, widest in the middle, resembling
G. conopsea. Inflorescence short, dense raceme, less
floriferous, flowers purple, small sized, resembling
D. cordigera. Lateral sepals elongated, reflexed to



spreading, resembling D. cordigera. Dorsal sepal and
lateral petals forming a loose hood, resembling
D. cordigera. Labellum three-lobed, very similar in
shape and labellar markings to D. cordigera. Spur rather
more elongated than that of a typical D. cordigera, with
a mild resemblance to G. conopsea. This unique
individual is still under study. Its full identification is
still to be confirmed, since, except for the leaves and
possibly the lengths of the spur, this hybrid resembles
more a D. cordigera individual with abnormally non-
pigmented, elongated leaves. Population counts: single
individual. Proposed conservation status: Endangered
(EN).

Dactylorhiza cordigera
subsp. siculorum

x Dactylodenia iflyrica
nothosubsp. siculorum

Gymnadenia frivaldii

Figure 11. X Dactylodenia illyrica nothosubsp.
siculorum L.Balogh & Mih.Balogh, N.Anghelescu, N.
Kigyossy, 2023 nothosubsp. nov.

I. Full plants in their natural habitats; II. Inflorescences
details; I11. Individual flower detail; A., D., G. -
Dactylorhiza cordigera subsp. siculorum; B., E., H. - X
Dactylodenia illyrica nothosubsp. siculorum; C., F., 1. -
Gymnadenia frivaldii. Photos © Nora E. Anghelescu,
9 June 2023, Harghita Madaras, Harghita

Hybrid formula: D. cordigera subsp. siculorum %
G. frivaldii. Discovered: 20 june 2022, Lori & Mihaela
Balogh. Locus classicus:  Harghita =~ Madaras,
ROSCI00090. Flowering time: June-July. Native to:
Romania, endemic, nothosubsp. nov. Description: Stem
(epigeal), 10(12) cm, erect, vivid green, spindly,
resembling G. frivaldii. 1 basal and 1-2 cauline leaves,
vivid green, purple-pigmented with minute roundish-
elongated, acuminate, purple-brownish maculae, wider
toward the middle, resembling D. cordigera subsp.
siculorum. Inflorescence short, dense raceme, resembling
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G. frivaldii in shape and size. Flowers small, pinkish,
with flat labellum, wider than long, whitish in the
middle, pink-purple towards the margins, marked with
dark-purple dots, resembling D. cordigera subsp.
siculorum.  Lateral sepals spreading, resembling
G. frivaldii. Hood flat and tight resembling G. frivaldii.
Spur  elongated-cylindrical,  purplish, resembling
D. cordigera subsp. siculorum. Flower bracts, wide,
triangular, keeled, marked with purple-black maculae
resembling D. cordigera subsp. siculorum. Population
counts: Nothopopulation of two hybrids. Herbarium
voucher specimen: deposited at the Herbarium
Botanical Garden Bucharest: BUC 410364. Proposed
conservation status: Endangered (EN).

X Pseudadenia

Gymnadenia
Srivaldii

Pseudorchis albida

vitosana subsp. tricuspis

Figure 12. X Pseudadenia vitosana (H. Baumann) O.
Gerbaud & W. Schmid, 1999

I. Full plants in their natural habitats; IL. Inflorescences
details; III. Individual flower detail; A., D., G. -
Gymnadenia frivaldii; B., E., H. - x Pseudadenia

vitosana; C., F., 1. - Pseudorchis albida subsp. tricuspis.

Photos © Nora E. Anghelescu, 1 July 2023, Harghita
Madaras, Harghita County

Hybrid formula:
tricuspis
Discovered: 20 Iunie 2022, Lori & Mihaela Balogh.

G. frivaldii x P. albida subsp.

Locus classicus: Harghita Madaras, ROSCI00090.
Flowering time: June-July. Native to: Albania,
Bulgaria, Yugoslavia, Romania. Description: Stem



(epigeal), 15-30 cm, erect, vivid green, spindly,
resembling P. albida subsp. tricuspis. 1 basal and 4-6
cauline leaves, vivid green, keeled, wider towards the
upper half, resembling P. albida subsp. tricuspis. Upper
cauline leaves sheathing the stem, resembling
G.  frivaldii. Inflorescence  elongated-cylindrical,
floriferous raceme, resembling P. albida subsp. tricuspis.
Flowers small, whitish-yellowish, with flat, three lobed-
labella, with lobes near equal, resembling P. albida
subsp. tricuspis. Lateral sepals spreading horizontally,
the hood flat and tight resembling G. frivaldii. Spur
intermediate, whitish, nectariferous. Population counts:
Nothopopulation of nine hybrids. Herbarium voucher
specimen: deposited at the Herbarium Botanical Garden
Bucharest: BUC 410374. Proposed conservation
status: Endangered (EN).

x Pseudadenia
schweinfurthii

Gymnadenia
conepsea

Pseudorchis albida

| subsp. ricuspis

T g S
. ¥ ¢
Vi Z'm
Figure 13. X Pseudadenia schweinfurthii (Hegelm. ex
A. Kern.) P.F. Hunt, 1971
I. Full plants in their natural habitats; II. Inflorescences
details; IIL. Individual flower detail; A., D., G. -
Gymnadenia conopsea; B., E., H. - X Pseudadenia
schweinfurthii; C., F., 1. - Pseudorchis albida subsp.

tricuspis. Photos © Nora E. Anghelescu, 1 July 2023,
Harghita Madaras, Harghita County

Hybrid formula: G. conopsea * P. albida susp.
tricuspis
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Discovered: 20 June 2023, Nora E. Anghelescu. Locus
classicus: Harghita Madaras, ROSCI00090. Flowering
time: June-July. Native to: Austria, Czechoslovakia,
Germany, Norway, Sweden, Switzerland, Romania.
Description: Stem (epigeal), 25-35 cm, erect, vivid
green, spindly, resembling G. conopsea. 1 basal and 3-4
cauline leaves, vivid-green, keeled, narrower, acuminate,
resembling G. conopsea. Inflorescence cylindrical,
floriferous raceme, resembling P. albida subsp. tricuspis.
Flowers small, yellowish-pink (resembling G. conopsea),
with flat, three lobed-labella, with lobes nearly equal,
tooth-like, resembling P. albida subsp. tricuspis. Lateral
sepals spreading horizontally, the hood flat and tight
resembling G. conopsea. Spur intermediate, whitish,
nectariferous. Population counts: single individual.
Herbarium voucher specimen: deposited at the
Herbarium of Botanical Garden Bucharest: BUC 410373.
Proposed conservation status: Endangered (EN).

Figure 14. x Pseudorhiza nieschalkii nothosubsp.
siculorum H. Kertész & N. Anghelescu, 2020
1. Full plants in their natural habitats; II. Inflorescences
details; III. Individual flower detail; A., D., G. -
Dactylorhiza fuchsii subsp. sooana; B., E., H. - x
Pseudorhiza nieschalkii nothosubsp. siculorum; C., F., 1.
- Pseudorchis albida subsp. tricuspis. Photos © Nora E.
Anghelescu, 3 July 2020, Harghita Madaras.



Hybrid formula: D. fuchsii subsp. sooana x P. albida
subsp. tricuspis. Discovered: 30 June 2020, Hajnalka
Kertész.  Locus  classicus:  Harghita ~ Madaras,
ROSCI00090. Flowering time: June-July. Native to:
Romania, endemic. Description: Stem (epigeal), 28(29)
cm, erect, vivid green, spindly, resembling P. albida
subsp. tricuspis. 1 basal leaf, 2-3 cauline, unspotted
leaves, resembling P. albida subsp. tricuspis. Upper
cauline leaf bract-like, resembling D. fuchsii subsp.
sooana. Inflorescence short, dense raceme, resembling
D. fuchsii subsp. sooana (De Angelli & Anghelescu,
2020). Flowers small, yellowish-white, with flat, three-
lobed labellum with three equal lobes (length and width),
resembling P. albida subsp. tricuspis. Lateral sepals
spread laterally, white with pinkish dots and stripes,
resembling D. fuchsii subsp. sooana. Labellum and
lateral sepals are marked with purple-pinkish dots and
lines, resembling D. fuchsii subsp. sooana. The white
background of the tepals and labellum resembles
D. fuchsii subsp. sooana. The hood is tight, formed of
dorsal sepal and lateral petals resembling D. fuchsii
subsp. sooana (Anghelescu et al., 2021a). Population

counts: single individual. Herbarium voucher
specimen: deposited at the Herbarium of the Botanical
Garden  Bucharest: ~BUC  410375. Proposed

conservation status: Endangered (EN).
CONCLUSIONS

The genetic diversity within a species or
population is the outcome of long-term
evolutionary  processes and forms the
foundation for its survival and adaptability
(Soltis & Soltis, 2009). Various species exhibit
varying degrees of genetic diversity and
variation, allowing them to adapt to various
environmental conditions (Wu et al., 2023).
The formation of new species (a phenomenon
known as speciation), is primarily driven by the
development of the reproductive isolating
barriers that gradually diminish and ultimately
prevent significant gene flow between distinct
lineages (Christie et al., 2022). There is a
general consensus that the speed and manner of
speciation are significantly influenced by the
type of isolating barriers (Coyne & Orr, 2004).
In plants, these barriers are most conveniently
categorized as either premating (prezygotic) or
postmating (involving both prezygotic and
postzygotic) isolation mechanisms (Grant,
1981; Snow, 1994).

Hybridization was demonstrated to represent a
dynamic process in evolution that can lead to
genetic diversity, adaptation, and the formation
of new nothospecies. Novel genetic lineages
occur in many, specific hybrid zones implying
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that hybrids are fertile and can coexist with the
parental species.

These results, together with the prediction of
suitable conditions for the future occurrence of
these hybrid zones, highlight the importance of
conserving these geographic areas as sources of
novel taxonomic entities. The high frequency
of hybrids suggests low efficiency of
reproductive  barriers in genera such as
Anacamptis and Ophrys or between genera
such as Dactylorhiza, Gymnadenia and
Pseudorchis. Given that a high number of
viable and fertile hybrid seeds were produced,
hybridization  generated several  genetic
novelties in all hybrid zones.

Our studies highlight the complex relationships
between different species and their genetic
material over geological time scales,
contributing to the rich tapestry of life on Earth.
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