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Nigritella miniata (Crantz) Janchen 1960 (Orchidaceae-Orchideae)
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Summary: Floral morphological characters of Red Vanilla Orchid (NVigrizella miniata) from the Julian
and Dinaric Alps of Slovenia were studied and compared, the population from the Dinaric Alps was
evaluated for the first time. 142 individual inflorescences and 114 flowers were examined in total, 18
morphological characters were measured. Based on Welch’s ANOVA results and Games-Howell post
hoc test, we revealed statistically significant differences between plants from all the observed localities
in the majority of the floral characters, and also high morphological variability (standard deviation
was observed) both within and between the localities. According to PCA and DFA results, no clear
groups corresponding to N. miniata, N. bicolor or N. hygrophila were formed and a high degree of
specimens overlapped. No clear morphological differences, at least between Nigritella miniata and
Nigritella bicolor, were confirmed. Analysed material from the Dinaric Alps belongs to the single taxon,
Nigritella miniata s.str. Due to the high degree in overlap of the majority of the sampled character
values within and between the localities, we could confirm the existence of a single, but highly variable,
red flowering taxon for Slovenia — Nigritella miniata s. str. The existence of the morphologically poorly
separated variety Nigritella miniata var. dolomitensis, previously known as Nigritella hygrophila from
the Triglav Lakes Valley, was not sufficiently confirmed in this study. High degree of morphological
variability within and between the populations of Red Vanilla Orchid (Nigritella miniata) is most
probably driven by somatic mutations, which also explain frequent misinterpretations in the field,
but also the recent inconsistent nomenclature regarding Nigritella miniata.

Keywords: orchids, Nigritella miniata, Nigritella bicolor, Nigritella hygrophila, Nigritella miniata var.
dolomitensis, floral morphological characters, Julian Alps, Dinaric Alps, Slovenia

Members of the genus Nigritella (Vanilla Orchids) are well-known to nature lovers and botanists
visiting European mountain areas in the early summer. Since most of the Nigritella species have
a similar habit and exhibit marked similarities in macro-morphological traits, which makes
it difficult to identify them in the field (BourNERrias et al. 1998; BroTscu 2000), the long-
term ongoing interest of the Nigritella research was (and still is) the species taxonomy. Studies
by TeppNER and KLEIN have greatly contributed to the knowledge of this genus (TEPPNER
2004; TeppPNER & KLEIN 1990, 1993, 1998; TEPPNER & STER 1996) but also that of FOELSCHE
(FoeLscHE 2014, 2015; FoeLscHE & ZERNIG 2007; FoeLscHE & HEIDTKE 2011; FOELSCHE
etal. 2017).

This genus constitutes a polyploid complex with a center of diversification in the Alps (HEDREN
et al. 2000). Chromosome counts show that Nigritella comprises a number of diploid taxa with
the somatic number 2n=2x=40, and a series of polyploid taxa with chromosome numbers
ranging from 2n=060 to 2n=100 (reviewed in HEDREN et al. 2017). In contrast to the dark
flowered ‘black’ species (not the V. nigra complex!), N. rhellicani, N. cenisia, N. gabasiana
and N. ravnikii which are diploid and reproduce sexually, taxa from the N. miniata complex
(V. miniata s.lat.) are polyploids and reproduce by means of apomixis (TEPPNER & KLEIN
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1985a,b). In the late 1980’s and 1990’s, extensive caryologic and embryologic studies dealing
mainly with Nigritella miniata s.lat. were published by TEPPNER & KLEIN (1985a,b, 1990) in
order to prove the existence of some newly described, rare polyploid species from the Eastern Alps
such as V. archiducis-joannis, N. stiviaca and N. widderi. In the last years, further new species were
described: N. minor (FoeLscHE & ZERNIG 2007), N. bicolor (FoeLscHE 2010) and N. hygrophila
(FoeLscue & Hemptke 2011).

Red Vanilla Orchid (Nigritella miniata s.lat.) is a group of morphologically highly variable (but
not well defined!) taxa with a disjunct distribution ranging from the South-Eastern Alps and the
Carpathians in the east to the Dinaric Alps in the south (BaAumann & KUNKELE 1982). The Red
Vanilla Orchid population in the Dinaric Alps is restricted to only a few localities on slopes of
Mt. Sneznik, SW Slovenia. Nigritella miniata was and still is differently interpreted by European
botanists and orchidophiles causing nomenclatural uncertainties and problems. Our knowledge
on the red-flowering Nigritella taxa has changed considerably over time. CranTZ (1769) provided
the first written reports on Nigritella miniata from Rax-Schneeberg (Austria) using the name
Orchis miniata (LORENZ & PERAZZA 2012). WETTSTEIN (1889) interpreted all Nigritella taxa as
part of the genus Gymnadenia and used the name Gymnadenia rubra for the same red-flowering
Vanilla Orchids that were renamed to Nigritella rubra by RicuteRr (1890). Since JANCHEN
(1959), two names were used, Nigritella rubra (Gymnadenia rubra) and also Nigritella miniata,
causing confusion within the scientific community (Lorenz & Perazza 2012). Two polyploids,
Nigritella dolomitensis (TEPPNER & KLEIN 1998) and Nigritella buschmanniae (TEPPNER & STER
1996), were described from Brenta (Dolomites). Lorenz & PErazza (2004) claim Nigritella
dolomitensis is a synonym for Nigritella rubra s.lat. In the last decades, three new species were
described, two of them from Styria: Nigritella minor (ForLscHE & ZERNIG 2007) and Nigritella
bicolor (FoeLscHE 2010). A third species, Nigritella hygrophila was described from the Passo
Pordoi in the eastern Dolomites (Italy) (FoeLscue & HeIpTKE 2011). Nigritella rubra (Wettst.)
K. Richt. is claimed to have a fairly restricted distribution in Austria (Styria and Lower Austria).

Determination of the Red Vanilla Orchids proves to be problematic due to the vague morphological
criteria, restricted morphological differences, high morphological variability of numerous floral
characters, small floral elements in particular and due to their frequent misinterpretation in the
past as almost impossible (FoeLscHE 2010). These taxa cannot be separated on the basis of their
vegetative organs (LORENZ & PERAZzA 2012). From that point, it is not surprising that authors
dealing with the taxonomic problems within the Nigritella miniata complex in the past came to
different conclusions regarding the taxonomic status of the above mentioned taxa (Baumann
etal. 2006; BorLrar 2011; DeLrorGE 20006, 2011; Kreutz 2004; LoreENz 2004; LoRENZ &
Perazza 2004; PErRAZZA 2009; TEPPNER 2004, 2008; WENKER 2007).

Taxonomic status of some newly described taxa from the Nigritella miniata complex such as
Nigritella bicolor (syn. N. miniata var. bicolor) and also Nigritella hygrophila (syn. N. miniata
var. dolomitensis) remains questionable due to the lack of sufficient morphological or genetic
support and still causes a degree of uncertainty among the scientists. Nigritella bicolor and
Nigritella hygrophila were inadequately evaluated and described. Differentiation to other red
taxa was provided, but the statistical approach was somewhat vague with a low number of the
observed specimens or morphological characters. Lorenz & PErazza (2012) claim that the
morphological differences between Nigritella miniata, Nigritella hygrophila and Nigritella bicolor
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are not significant enough to preserve their species status. They interpret Nigritella dolomitensis as
a variety of Nigritella miniata and Nigritella minor as a good species (LORENZ & PERAZZA 2012).

FoerscHE (2014) published an extensive study with new contributions to the Nigritella miniata
group. The author clearly separates Nigritella miniata, Nigritella hygrophila and Nigritella bicolor
based on floral morphology. No statistical analysis was performed in order to adequately evaluate
these differences between the taxa which could make determination possible. On the other hand,
Lorenz & PEerazza (2012) published results of an extensive biometric investigation dealing
with the Eastern-Alpine group of Nigritella miniata s.lat. Data were processed by multivariate
discriminant analysis and evaluated additionally by scatter plot diagrams. As a result, both recently
described taxa, Nigritella bicolor and Nigritella hygrophila, were revealed to be insufhciently
differentiated from Nigritella miniata and from Nigritella miniata var. dolomitensis respectively,
and to be classified as varieties or higher ranges. Furthermore, authors reveal no statistically
significant differences in floral character values between Nigritella miniata and Nigritella bicolor.
The same was applied to newly described Nigritella hygrophila.

In Slovenia, Nigritella miniata grows scattered across the Julian Alps, Karavanke Mts. (PERKO
2004; FoeLscHE et al. 2017) and Dinaric Alps (BiasoLeTTo 1846). Past reports from Kamnik-
Savinja Alps remain unconfirmed. Already in 1967, Tone Wraber (mscr. 28.7.1967) used the
name Nigritella rubra for specimens found in the area of Mt. Vrbanova Spica (the Triglav
mountains in the Julian Alps). Ravnik (1990) provides one of the first distribution maps of
the genus Nigritella in Slovenia. He mentioned the presence of Nigritella rubra, but only for
Mt. Sneznik (Dinaric Alps). Nigritella miniata was reported in Slovenia for the first time by
MARTINCIC et al. (1984), in the second edition of Mala flora Slovenije. Jocan (2000) and
MARTINCIC et al. (2007) mentioned Nigritella miniata on Mt. Sneinik in the Dinaric Alps.
The name Nigritella miniata was also used in other publications (WRABER 1990; SURINA 2005;
DoLinNar 2015; HEDREN et al. 2017). In the third edition of Mala flora Slovenije (MARTINCIC
et al. 1999) and also in the fourth one (MARTINCIC et al. 2007), the synonym N. rubra (Wettst.)
K. Richt. was used. In the last decades, terminology dealing with Red Vanilla Orchids changed.
For Slovenia, the occurrence of Nigritella bicolor (FoeLscHE 2010; FoELsCHE et al. 2017) and
Nigritella hygrophila (FoeLscHE 2011) was reported (FOELscHE 2010; DAKSKOBLER et al. 2012,
2015; DAKSKOBLER & DOLINAR 2016; DAKSKOBLER & SURINA 2017; FOELSCHE et al. 2017) for
the Julian and Dinaric Alps.

BrasorerTo (1846) provided first records on the existence of Vanilla Orchids on Mt. Sneznik
(Dinaric Alps). He named this taxon Nigritella suaveolens Koch. Ravnik (personal notice) and
Maver (1954) also noticed red flowering Nigritella specimens on southern slopes between
summits of Mali and Veliki Sneznik in 1950. According to SURINA (2005), Red Vanilla Orchids
thrive scattered in four localities in the Mt. Sneznik area. RavNik (2002) interpreted plants from
Sneinik (also from Julian Alps!) as a single taxon, Nigritella rubra. The Austrian botanist Foelsche
determined Red Vanilla Orchids from Sneznik as Nigritella bicolor (FoELscHE 2010). FOELSCHE
(2017) provided first information on the existence of two red flowering taxa from Mt. Sneznik,
Nigritella miniata and Nigritella bicolor. Nigritella bicolor is, according to FoeLscHE (2017),
rare on Mt. Sneznik. Different opinions on the presence of the two (or a single) red flowering
taxa (taxon) in Dinaric Alps have been continued since then, mainly due to the lack of clear
morphological criteria (diagnostic morphological values) for Nigritella bicolor.
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According to the original description of Nigritella bicolor (FoELscHE 2010), colour of the flowers
(KLeN 1996), labellum and inflorescence shape are the key characters to be considered. Papillosity
of the bracts proves as an unreliable character. FoELscHE (2010) points to the dimension of lateral
sepals: Nigritella bicolor (1.5-2.4 mm, on average 2 mm) and Nigritella miniata (1.5-2.0 mm, on
average 1.7 mm); petals: Nigritella bicolor (1.1-1.7 mm, on average 1.3 mm), Nigritella miniata
(1.2-1.8 mm, on average 1.5mm). Sepals and petals have almost the same width as Nigritella
rubra (Nigritella miniata) in contrast to Nigritella bicolor, where the relation in width between
sepals and petals is almost 2:1 (ForLschHE 2010). FoeLscHE (2010) also points to the length of
the spur: Nigritella bicolor (1.0-1.9 mm) and Nigritella miniata (0.7-1.4 mm). We can clearly see
the high degree of overlapping in values of the above stated morphological characters that should
divide these two taxa. Brighter, lowermost flowers in the case of Nigritella bicolor compared to
flowers from the central part of the same inflorescence that are much darker, are also confusing.
In the protologue, FoeLscHE (2010) stated that the different colouration of the flowers (brighter
colouration of the lowermost flowers compared to the flowers in the middle of the inflorescence) is
not a good, reliable character for Nigritella bicolor. One year later, FoeLscHE & HEIDTKE (2011)
also denied the reliability of the first character, the relation in the width between sepals and petals.

The inflorescence shape is typical of Nigritella hygrophila. According to FoerscHE (2011), the
almost as high as wide inflorescence shape is the key character for Nigritella hygrophila. The colour
of Nigritella hygrophila varies from dark red to dark scarlet red and ranges between Nigritella
miniata and Nigritella dolomitensis (LorENz & PErazzA 2012). According to the authors, a
narrow dorsal sepal is characteristic of Nigritella hygrophila, including petals which are much
narrower than the sepals (ForLscHE & HEIDTKE 2011). Sepals are relatively wide, often more
than 2mm. This taxon apparently thrives in moist, cool places.

Recently, Slovenian botanists have pursued the opinion that two red-flowering Vanilla Orchid
taxa appear in Slovenia: the first one Nigritella miniata (Nigritella rubra) grows on Mt. Sneznik
and supposedly also in some areas in the Julian Alps, and the second one, Nigritella bicolor sensu
FoEeLscHE (2010), is widely distributed in the Julian Alps. According to DakskoBLER & DoLiNaR
(2016) and FoeLscHE (2017), the third taxa, the Nigritella hygrophila, is also present in Slovenia.
It can be found in the Triglav Lakes Valley (Julian Alps) and in the area of Lazoviski Preval, also
in the Julian Alps.

We carried out this research due to the unsolved but still present taxonomic (and nomenclatural)
questions in regard to Nigritella miniata, unreliable and often impossible determination of taxa
with questionable diagnostic values for a specific character that should make the determination

in the field (or lab) possible.
The aim of this particular study was:

1) to combine all published (and unpublished) data of Red Vanilla Orchid populations in
Slovenia in order to make the first comprehensive distribution map. We plan to reveal how the
plants from different localities were attributed in the past;

2) to reveal the degree of morphological variability between (and within) the localities of Red
Vanilla Orchid in Julian and Dinaric Alps of Slovenia which could explain current misconceptions
regarding the nomenclature of this particular group and also to morphologically evaluate
population from the Dinaric Alps for the first time;
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3) and to reveal if morphological differences explain the current taxonomic differentiation or just
illuminate the geographic differentiation of the taxa. Does current systematics of Red Vanilla
Orchid in the Julian and Dinaric Alps correspond with the described taxa? What is the valid

nomenclature?

Materials and methods

Searching for data. Various sources, author’s personal data, herbaria [LJU, LJM, L]S] and the
FloVegSi database of Jovan Hadzi Institute of Biology, ZRC SAZU (SELISKAR et al. 2003) were
searched in order to extract reliable data for Nigritella miniata s.lat. localities in Southeastern
Calcareous Alps (Julian Alps, Karavanke Mts. and Kamnik-Savinja Alps) and in Dinaric Alps
(Mt. Sneznik), Slovenia.

Field sampling and measurements. Six sampling populations were evaluated, four in the Julian
and two in Dinaric Alps. Number of flowering specimens at each locality is low, not higher
than 20 (40). Field sampling was performed in 2016 and 2017. In order to preserve Red Vanilla
Orchid populations, inflorescences were measured in the field. The following two characters were
measured: (1) Inflorescence length and (2) inflorescence width. At each locality, one flower per
inflorescence was picked from the field. Fully opened, undamaged flowers from the basal %5 of the
inflorescence were collected and preserved in 70% ethanol. The following sixteen floral characters
were measured: labellum length, labellum width, left sepal length, left sepal width, dorsal sepal
length, dorsal sepal width, right sepal length, right sepal width, left petal length, left petal width,
right petal length, right petal width, ovary length, ovary width, spur length and spur width. Floral
characters were examined and measured under the binocular stereoscopic microscope Nikon
SMZ 1000 (8—80x). NIS Elements D 4.2 software was used for all the measurements.

Taxa determination based on available literature. We were about to test if, based on our own
morphometric data (18 floral characters), the following three taxa could be separated: Nigritella
miniata, Nigritella bicolor and Nigritella hygrophila. The following papers with original descriptions
were used in order to extract characteristic values of the observed floral characters for those three
taxa: ForLscHE & HEIDTKE (2011), FoeLscHE (2010, 2014) and Lorenz & PErazza (2012).

Data analysis. Morphometric data for individual plants were summarised on an Excel v14.3
spreadsheet. Univariate and multivariate statistics of morphological data (continuous characters)
obtained from inflorescences and flowers was performed. From univariate methods, Welch’s
ANOVA method was performed in order to evaluate differences in means between the sampled
groups of plants per locality. Games-Howell post hoc test was used in order to reveal pairs with
statistically significant differences (p<0.05) between values of the particular floral character.
Shapiro-Wilk’s test of normality was performed to test and ensure the normal distribution of
data. Levene’s test for equality of variances between groups of plants (per locality) was used.
Mean values plus sample standard deviations for all metric data (characters) were calculated for
each locality. Box plots and scatter plots for each character per locality were presented (median
values, upper and lower quartiles, maximum and minimum values plus outliers). Multivariate
statistics based on continuous characters were used. Multivariate statistics have already been
widely performed by solving taxonomic problems on Dactylorhiza, Epipactis, Ophrys, Platanthera,
Serapias (TyTECA & GATHOYE 2000; CRISTAUDO et al. 2009; LoreNz et al. 2011; Lowe 2011)
and Nigritella (LorENz & PERAzzA 2012). Principal component analysis (PCA) based on a
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correlation matrix (18 reproductive characters) and discriminant function analysis (DFA), also
based on a correlation matrix of 18 reproductive characters was performed. For statistical analysis
SPSS was used (SPSS Inc. 2006).

Results
Distribution of Red Vanilla Orchid in the Julian and Dinaric Alps

In the territory of Slovenia, Red Vanilla Orchid is locally distributed, mainly across the Julian
Alps, Karavanke Mts. and Dinaric Alps. There are also older, but in the last 30 years unconfirmed
data available on the presence of taxa on Mt. Porezen (Julian pre-Alps, Cerkno Mts.) and Kamnik-
Savinja Alps. In 1944-2017, 230 localities were detected (Supplement 1; Fig. 1). The name
Nigritella rubra (Wettst.) K. Richt. was used for specimens from 33 localities (Dinaric Alps,
Julian Alps and Karavanke Mts.) and Nigritella miniata s.lat. for a single locality in the Julian
Alps. Authors attributed specimens from 20 localities (Dinaric Alps, Julian Alps and Karavanke
Mts.) as Nigritella miniata. The name Nigritella bicolor was widely used for specimens from 163
localities (Dinaric Alps, Julian Alps and Karavanke Mts.) and Nigritella hygrophila for 22 localities
(Julian Alps and Karavanke Mts.). The fact that various authors used two to three different names
for specimens growing at the same localities in ten cases is very interesting (see Supplement 1).

Sampled localities. Four localities were sampled from Julian Alps (Fig. 2): Mt. Mangart (15
inflorescences and 17 flowers), Veliki Draski Vrh (later on Draski vrh) (24 inflorescences and
24 flowers), the Triglav Lakes Valley (18 inflorescences and 15 flowers) and Mt. Visevnik (17

Figure 1. Map of Slovenia representing the distribution of Red Vanilla Orchid (Nigritella miniata) together with the
sampled localities.
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inflorescences and 25 flowers). Although one flower per inflorescence was sampled in the field
at each locality; we took 2 flowers per inflorescence (2 inflorescences) at the locality Mangart
and ViSevnik (4 inflorescences). In the past, plants from the above mentioned localities were
interpreted in a different way. Plants from Mangart area were attributed as Nigritella miniata
(Supplement 1) or Nigritella bicolor (FoeLscHE 2010). Authors interpreted plants from Draski
Vrh area as Nigritella bicolor or Nigritella hygrophila. In the Triglav Lakes Valley area three names
were used in the past: Nigritella miniata, Nigritella bicolor (DAsKOBLER et al. 2015) and Nigritella
hygrophila. For Mt. ViSevnik four names were used in the past: Nigritella rubra, Nigritella miniata,
Nigritella bicolor and Nigritella hygrophila.

Two localities on Mt. Sneznik were sampled from the only known population in the Dinaric Alps:
Mali Sneznik (17 inflorescences, 15 flowers) and Gréovsko sedlo (51 inflorescences, 15 flowers).
In the past, specimens from Dinaric Alps were interpreted as Nigritella rubra, Nigritella miniata
or Nigritella bicolor (Supplement 1; FoeLscHE 2010).

Morphometric analyses

Table 1 shows mean values and standard deviation of 18 floral characters for each Nigritella
miniata locality. In the case of 8 characters, the standard deviation within localities was greater
than the total amount of variation between localities (inflorescence width, right sepal length,
left sepal width, left petal width, right petal width, spur length, ovary length and ovary width).

Statistically significant differences in a specific morphological character between the localities are
provided in Table 2 (Welch ANOVA p<0.01 in all cases, Games-Howell post hoc test p<0.05).
Specimens from Draski Vrh (Julian Alps) have significantly different values of the inflorescence
length compared to specimens from the other five localities. Specimens from the Triglav Lakes
Valley have significantly different values of the width of the inflorescences compared to the other

Figure 2. Nigritella miniata, variability of the inflorescence shape, colour and labellum shape. Specimens from various
localities are presented: A — Mt. Sneznik (Dinaric Alps); B — Mangart (Julian Alps); C — KoSutnikov Turn (Karavanke
Mzs.); D — Triglav Lakes Valley (Julian Alps); E — Planina Klek (Julian Alps); F — ViSevnik (Julian Alps); G — Tosc
(Julian Alps); H — Lazoviski Preval (Julian Alps).
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Table 2. Welch’s ANOVA results, statistically significant differences in morphological characters between Red Vanilla
Orchid populations. Legend: 1 — Mangart, 2 — Draski Vrh, 3 — Mali Sneznik, 4 — Gréovsko Sedlo, 5 — Triglav Lakes
Valley, 6 — Visevnik.

Character A\;(]/gc\}/l/\ Games-Howell post hoc (p<0.05)

Inflorescence length p<0.01 1-2,2-3,2-4,2-5,2-6

Inflorescence width p=0.01 1-5, 2-5, 3-5, 4-5, 5-6

R sepal length p<0.01 1-2, 1-4, 1-5, 1-6, 2-3, 2-4, 2-5, 2-6, 3-6, 4-6, 5-6
R sepal width p=<0.01 1-2, 2-3, 2-4, 2-5, 2-6, 3-5, 3-6

L sepal length p<0.01 1-2, 1-5, 1-6, 2-3, 24, 2-5, 3-6, 4-6, 5-6

L sepal width p<0.01 1-2,2-3, 24, 2-6, 3-5, 3-6, 4-6

D sepal length p<0.01 1-2, 1-4, 1-5, 1-6, 2-3, 2-4, 2-5, 2-6, 3-0, 4-6, 5-6
D sepal width p<0.01 1-2, 1-5, 1-6, 2-3, 2-4, 2-6, 3-5, 3-5, 3-6

L petal length p<0.01 1-2,1-5, 1-6, 2-3, 24, 2-5, 2-6, 3-6, 4-6

L petal width p<0.01 1-2,2-3,2-4,2°5,2:6,

R petal length p<0.01 1-2, 1-5, 1-6, 2-3, 24, 2-5, 2-6, 3-6, 4-6

R petal width p<0.01 1-2,2-4

Labellum length p<0,01 1-2, 1-5, 1-6, 2-3, 2-4, 2-5, 2-6, 3-5, 3-6, 4-6
Labellum width p<0.01 1-2, 1-6, 2-4, 2-3, 2-5, 2-6,

Spur length p=<0.01 1-2, 1-5, 1-6, 2-3, 2-4, 3-5, 4-5

Spur width p<0.01 1-5, 2-3, 2-4, 3-5, 3-6, 4-5, 4-6

Ovary length p<0.01 1-2, 1-5, 1-6, 2-6

Ovary width p=<0.01 1-3, 1-4, 2-3, 2-4, 4-5, 4-6, 3-5, 3-6

five localities. Considering petals, specimens from the Dinaric Alps and from Draski Vrh are
significantly different from the other three localities, but no clear conclusions can be made due
to numerous statistically significant pairs (Table 2). Specimens from Mangart, Mali Sneznik and
Visevnik proved to be statistically different from most of the other localities. Considering labellum
shape (both length and width) again, locations Mangart and Draski Vrh significantly differ from
the other sites. By analysing spur dimensions, we see numerous statistically significant pairs of
localities. In regard to ovary width, both localities from the Dinaric Alps seem the most specific.

Both the PCA (Table 3, Fig. 3A) and discriminant function analysis (Table 4, Fig. 3B) were
performed on all characters and localities gave similar results. No clear groups (corresponding
to V. miniata, N. bicolor or N. hygrophila) were formed, the majority of specimens overlapped.
In PCA, taxa were not separated along the first and second axis in the ordination graph, which
represents 50.79% and 12.13% of the total variation among localities. The majority of the
quantitative floral characteristics contributed almost equally to division along the first axis, as
seen from the eigenvector values (Table 3). Canonical discriminant function analysis shows that
there is not enough information in quantitative characters for clear and unequivocal separation
of taxa. The first canonical axis (55.70% of variation) is most closely correlated with characters:
inflorescence length, left petal length and left sepal width (Table 4). The second canonical axis
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Table 3. Eigenvectors expressing correlation of characters with principal components (axes 1-3) in morphometric
analysis of six localities of Nigritella miniata.

Character Axis 1 Axis 2 Axis 3
Inflorescence length 0.675 0.179 0.458
Inflorescence width -0.025 0.753 0.239
Ovary length 0.401 0.110 0.643
Ovary width 0.022 0.740 0.106
Labellum length 0.790 -0.118 0.067
Labellum width 0.836 -0.280 0.014
L sepal length 0.838 -0.247 0.051
L sepal width 0.760 0.190 0.018
D sepal length 0.866 -0.294 0.038
D sepal width 0.755 0.306 -0.037
R sepal length 0.859 0218 0.095
R sepal width 0.784 0.158 0.034
L petal length 0.884 -0.227 -0.023
L petal width 0.760 0.052 -0.217
R petal length 0.891 -0.202 0.049
R petal width 0.644 0.223 -0.259
Spur width 0.522 0.570 -0.311
Spur length 0.640 0.336 -0.378

Figure 3. A — Principal components analysis of Nigritella miniata localities from the Julian and Dinaric Alps based on
18 morphological characters (Table 1). Axes 1 and 2 explain 50.79% and 12.13% respectively of the total variation.
B — Discriminant function analysis of Nigritella miniata localities from the Julian and Dinaric Alps based on 18
morphological characters (Table 4). Axes 1 and 2 explain 55.70% and 22.30% respectively of the total variation.
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Table 4. Total canonical structure expressing correlation of morphological characters with canonical axes in discriminant
analysis of six localities of Nigritella miniata.

Character Axis 1 Axis 2 Axis 3
Inflorescence length 0.614 -0.307 -0.345
Inflorescence width -0.306 0.971 0.233
Ovary length 0.029 0.505 -0.228
Ovary width 0.057 -0.631 0.537
Labellum length 0.214 0.306 0.396
Labellum width 0.008 0.146 0.060
L sepal length 0.189 -0.189 0.462
L sepal width 0.436 -0.229 0.334
D sepal length -0.133 0.160 -0.408
D sepal width 0.160 0.072 0.188
R sepal length -0.168 0.141 -0.399
R sepal width 0.046 -0.462 0.307
L petal length 0.562 0.056 0.160
L petal width 10386 0.023 0.314
R petal length 0.338 -0.384 0.483
R petal width -0.123 0.273 -0.672
Spur width -0.161 -0.028 0.584
Spur length -0.036 0.819 -0.344

(22.30% of variation) is most closely correlated with the following characters: inflorescence width,
spur length and ovary width. In order to show the variability of the most discriminant characters,
we have performed graphic tests (box-plots) for median comparisons (Figs 4, 5).

Regarding nomenclature, how many taxa are miniata, hygrophila or bicolor?

Past decisions regarding the nomenclature were inconsistent mainly due to the high morphological
diversity of the observed characters within localities which could be, as already presented, even
higher than between localities, but also due to the certain amount in overlapping of character
values. In the past, two or even three different taxon names were in use literally for the same
groups of plants at the same localities (Supplement 1). Certain characters, such as inflorescence
shape, labellum shape, spur shape, width and length of sepals and petals should have taxa-specific

values (Table 5) in order to enable the determination.

Figure 6A represents width of sepals and petals. According to literature, this ratio should enable
the differentiation of at least Nigritella miniata and Nigritella bicolor. Two lines are shown:
the upper one (y=x) meaning that both characters are of the same width which is, according
to literature, a characteristic ratio of Nigritella miniata and the lower line (y=0.5*x), the ratio
characteristic of Nigritella bicolor.
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Figure 4. Boxplots representing values for Nigritella miniata. Floral characters from six localities (x-axis): 1 — Mangart
(Julian Alps); 2 — Draski Vrh (Julian Alps); 3 — Mali Sneznik; 4 — Gréovsko Sedlo; 5 — Triglav Lakes Valley (Julian
Alps); 6 —Visevnik (Julian Alps). Rectangles show 25" and 75" percentiles, bold lines show medians and whiskers
show 10 to 90* percentiles.

According to literature, petals are much narrower than sepals in Nigritella hygrophila. Sepals could
reach 2 mm in width in Nigritella hygrophila, but are narrower than 2 mm in Nigritella miniata. In
Nigritella bicolor, sepals reach a wider spectrum: 1.3—2.6 mm in width. Width of sepals also varies
greatly within the same locality (Fig. 6A). Vast majority of the analysed specimens have ratios
between these two lines. Specimens from all six surveyed localities (Red Vanilla Orchids native
to Slovenia) exhibit ratios that are located in the close proximity to both lines, but the majority

Figure 5. Boxplots representing values for Nigritella miniata. Floral characters from six localities (x-axis): 1 — Mangart
(Julian Alps); 2 — Draski Vrh (Julian Alps); 3 — Mali Sneznik; 4 — Gréovsko Sedlo; 5 — Triglav Lakes Valley (Julian
Alps); 6 —Visevnik (Julian Alps). Rectangles show 25% and 75" percentiles, bold lines show medians and whiskers
show 10* to 90* percentiles.
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Table 5. Characteristical values of Nigritella miniata, Nigritella bicolor and Nigritella hygrophila according to

ForLscHE & HEIDTKE (2011), FoeLscHE (2010, 2014) and Lorenz & PErazza (2012).

Character

Nigritella miniata

Nigritella bicolor

Nigritella hygrophila

Inflorescence

15(28) x 13(20) mm

16(32) x 13(23) mm

17(29) x 15(23) mm

Lateral sepals

5.2(7.0) x 1.3(2.5) mm

5.5(7.7) x 1.3(2.6) mm

6.0(6.2) x 1.9(2.2) mm

Dorsal sepal 5.2(6.7) x 1.2(2.0) mm 5.1(7.0) x 1.5(2.2) mm 6.0(6.1) x 1.9(2.2) mm
Petals 4.8(6.0) x 1.2(2.0) mm 4.4(6.4) x 1.0(1.7) mm 5.6(5.7) x 1.0(1.5) mm
Labellum 6.1(8.2) x 2.6(4.7) mm 6.2(7.6) x 3.6(5.2) mm 7 x 3.0 (4.4) mm
Spur 0.9-1.4mm 1.0-1.8 mm 1.0(1.2)-1.0(1.1) mm
Ovary 2.8 x 4.2mm 3.0(4.5) x 2.2(2.7) mm 3mm

of the samples lie in between these lines. This ratio varies considerably within each locality and
between localities. Width of sepals and petals clearly does not provide distinction between the

previously mentioned three taxa.

According to literature, a short hemispheric inflorescence is typical of Nigritella hygrophila. Also,
the inflorescences of both Nigritella miniata and Nigritella bicolor should be more or less elongated
(clearly longer than wide). According to some authors, the inflorescence shape, almost as high
(long) as wide is the key character (also shape of the labellum and colour) for Nigritella hygrophila.
In Nigritella miniata and Nigritella bicolor, short inflorescences also occur regularly. Line y=x
in Fig. 6B indicates same inflorescence length and width. The vast majority of specimens has

Figure 6. Scatter diagram graphs representing data for measured floral characters from six Red Vanilla Orchid (Nigritella

miniata) populations.
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elongated inflorescences, typical of Nigritella miniata and Nigritella bicolor. We see that in the
proximity of this line, specimens from the Triglav Lakes Valley are almost aggregated. Specimens
from other localities also exhibit globular, hemispheric shape of inflorescences: specimens from
Visevnik, Mangart and Mali Sneznik. In the localities Mangart, Draski Vrh and Visevnik, we
have both specimens with hemispherical and elongated inflorescences growing side by side.

Characteristic values of dorsal sepals overlap to a high degree in all three taxa. Specimens with
short and narrow dorsal sepals (Fig. 6C) were detected in the Dinaric Alps (both localities), but
also in plants from the Julian Alps (Visevnik, Triglav Lakes Valley and Draski Vrh). On the other
hand, plants from the same localities (Mangart, Triglav Lakes Valley, Visevnik and Draski Vrh
(but also from the Dinaric Alps) have long (and wide) dorsal sepals. Again, dorsal sepal proves to
be an unreliable character in order to separate taxa from Nigritella miniata complex.

Labellum shape (Fig. 6D) proved to be a reliable and taxonomically important feature in
Nigritella. In Nigritella miniata, labellum reaches 6.1-8.2 mm in length and is 2.6—4.7 mm wide.
Lip is 6.2-7.6 mm long and (3.6)4.0-5.0 mm wide in Nigritella bicolor and 7.0 mm long and
3.0—4.4 mm wide in Nigritella hygrophila. Like other analysed characters, there is a high degree
of overlap of measured values of labellum length and width between the analysed 6 localities,
no clear groups are shown in Fig. 6D. In the case of labellum shape in particular, we expected a
clear differentiation between the taxa.

Another taxonomically important character of Nigritella (Fig. GE) are the proportions (especially
the length) of the spur. According to literature, the spur should be somewhere between 1-1.2 mm
long and 1.0-1.1 mm wide in Nigritella hygrophila, 0.9—1.4 mm long in Nigritella miniata and
1.0-1.8 mm long in Nigritella bicolor. We analyzed specimens with short and long spurs growing
alongside, growing on the same localities. The dimension of the spur (length and width) proves
to be a problematic, questionable character in order to make clear conclusions on the taxonomic
status.

Discussion

Variation in organisms attracts the attention of biologists since it provides clues about evolutionary
processes (BERNARDOS et al. 2005). The presence of ploidy variation within plant genera and, in
some cases, among populations of single species raises major ecological questions (LEw1s 1980).
In genus Nigritella in particular, a polyploid complex is (was) often associated with vexing
taxonomic problems (STAHLBERG 1999). Although apomictic lineages such as tetraploid Nigritella
miniata lack the recombination, segregation, syngamy and gene flow characteristic of sexual
species, populations may still express a certain degree of variability as they are often composed
of somewhat divergent lineages (HEDREN et al. 2017). Clones of apomicts can be recognized by
small (but constant) differences in morphological characters, and may even be recognized as a
separate species (TEMPLETON 1989; HEDREN et al. 2017). As a consequence, some authors have
applied more relaxed, inconsistent species delimitation principles, which has resulted in several
new species of Nigritella with restricted distributions and unclear status (HEDREN et al. 2017).

According to our Welch’s ANOVA results (and Games-Howell post hoc test), specimens of
Nigritella miniata from the analysed six localities (populations) vary significantly in the majority
of the observed characters in a statistically significant manner. We revealed a large proportion
of variance of numerous characters within the specimens from the same localities, growing close
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to each other. In the case of 8 observed morphological characters, standard deviation within
localities was greater than the total amount of variation between localities (inflorescence width,
right sepal length, left sepal width, left petal width, right petal width, spur length, ovary length
and ovary width).

HEDREN et al. (2017) described overall genetic differentiation patterns within Nigritella miniata
and proved a phylogeographic structure: different genotypes within localities are on average more
closely related than different genotypes at different localities. This could be confirmed based on
morphology. DFA results revealed aggregations of the specimens from each locality. At the same
time, a high percentage of specimens overlapped with those from other localities. Differences
became larger with increasing distance between the localities being compared, demonstrating that
many genotypes are of local and regional origin. Because polyploid Nigritella miniata reproduce
apomictically, individuals within localities are not connected by gene flow, and species do not
comply with the biological species concept (HEDREN et al. 2017). Although the Nigritella miniata
group may have originated from a single polyploidization event, the group still exhibits an
apparent morphological diversity which has become manifested in the segregation into several
new taxa at or below species level (HEDREN et al. 2017).

In Slovenia, the name Nigritella bicolor is widely used, since the species was described in 2010.
Numerous authors report the existence of this taxon in the Julian and Dinaric Alps. Nigritella
miniata was reported on the same localities. The morphological criteria for Nigritella bicolor
overlap with the values characteristic of Nigritella miniata in a high degree. According to HEDREN
etal. (2017), Nigritella bicolor is genetically heterogeneous relative to the remainder of Nigritella
miniata. The authors highlight the need for further evidence whether such an emended taxon
is possible to be separated from Nigritella miniata on the basis of morphology or any other
biologically relevant data. PCA and DFA results in this study based on all 18 floral characters were
similar. No clear groups corresponding to Nigritella miniata and Nigritella bicolor were formed.
The majority of the specimens from different localities overlapped. Canonical discriminant
function analysis shows that there is not enough information in quantitative characters for
clear and unequivocal separation of taxa. Nigritella miniata is apparently an old apomict, which
has become widely distributed in time, and during its expansion it has gradually accumulated
somatic mutations with the effect that regional ‘populations’ have become genetically (and also
morphologically!) differentiated from each other (HEDREN et al. 2017). Mutations on a local
scale must have affected the morphology of the species. That is why we can observe significant
regional and local differences in the majority of the observed floral characters.

According to the present study, local, geographical variation of the studied floral characters
disable determination of the taxa, based on published morphological criteria. Specimens from
some localities express a low degree in variability of certain characters in contrast to the specimens
from other localities. The generally weak morphological differentiation of the studied polyploid
taxa supports the hypothesis of a group of close allies as already mentioned by different authors
(Lorenz & PErazza 2002; HEDREN et al. 2017) and reflects in the results of the morphometric
analysis. In the field, scientist should focus on the whole spectrum of morphological variability of
specimens within a specific locality rather than just isolating a single one and determining it using
published (but vague!) criteria which often bring us to different, not well supported conclusions.

In this study, one qualitative character was not included in the analyses, inflorescence colour.
Presumed Nigritella miniata var. dolomitensis from the Triglav Lakes Valley (also present on
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Lozoviski preval, Julian Alps, Fig. 1H) exhibits darker colour than specimens from other localities
across the Julian and Dinaric Alps. This character, the darker red colouration, is not present in
all the observed specimens from this locality! Specimens also grow in more mesic/hygrophilous
sites. Its inflorescences are (but not always!) hemispherical. Such groups of plants from Julian
Alps (Triglav Lakes Valley and Lazoviski preval area) were determined as Nigritella hygrophila
(DakskoBLER & DoLiNaR 2016; FoerscHE 2017) in the past, prior to the study of HEDREN
etal. 2017. According to HEDREN et al. (2017) molecular data did not distinguish V. hygrophila
from other N. miniata morphotypes at locus classicus — Passo Pordoi (Dolomites), but rather
indicated that the taxon is polyphyletic relative to the reminder of N. miniata at the local scale
(HEDREN et al. 2017). Nigritella miniata var. dolomitensis (Nigritella hygrophila) that is apparently
present but rare in the Julian Alps and differs from plants growing in other localities could not
be fully confirmed based on our results. In some localities (Mangart, Visevnik and Mt. Sneznik),
specimens with almost white flowers in the lower half of the inflorescences occur. This character
does not have any taxonomic importance considering high morphological variation and instable
values of all the other evaluated floral characters. Also in Nigritella lithopolitanica, a South-eastern
Alpine endemic (Ravnik 1978), inflorescences with almost white lowermost flowers frequently
occur among specimens with uniform coloured inflorescences.

The results of the present morphological study (based on quantitative data only) support the
recognition of a single species of Red Vanilla Orchid for Slovenia: Nigritella miniata s. str.
The morphologically poorly separated variety, Nigritella miniata var. dolomitensis, previously
known as Nigritella hygrophila (ForLscHE 2011) could not be sufficiently supported in this
study. Brazi¢ (2017) distinguishes between two red-flowering taxa from Nigritella miniata
s.lat. for Slovenia based on vegetative and reproductive morphological characters: Nigritella
miniata s. str. and a second one from the Triglav Lakes Valley, but the author does not provide
any name for this second taxon. According to this author, the differentiation of these two taxa
based on morphological criteria is highly problematic if not impossible. Our results support
some previous studies (LORENZ & PERazza 2012): no statistically significant morphological
differences were confirmed in the observed 18 floral characters between the three taxa mentioned
for Slovenia in previous studies, especially not between Nigritella miniata and Nigritella bicolor.
High degree of morphological variability is caused by somatic mutations which also explain
frequent misinterpretations in the field and also recent inconsistent nomenclature regarding
Nigritella miniata. Morphological differences (variability of the observed floral characters) within
and between the localities could not explain the current taxonomic differentiation of Nigritella
miniata and Nigritella bicolor, they just illuminate geographically differentiation of the single
taxon, Nigritella miniata s.str.

As shown by Lorenz & Perazza (2012), there are no significant morphological differences
between Nigritella miniata from locus classicus and investigated samples from other areas including
Styria attributed as Nigritella miniata or Nigritella bicolor by different authors. According to
HEDREN et al. (2017), most of the red Nigritella samples from these areas and also the few from
Slovenia do not show sufficient genetic differences to justify a separation on species or subspecies
level based on analysis of microsatellites of non-coding regions of the genome (nuclear as well
as plastid genome). Only samples from a restricted area in Styria including the locus classicus of
Nigritella bicolor s.strictiss. from Trenchtling show a recognizable genetic differentiation from
Nigritella miniata, for which however no distinct morphological differentiation from other
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bicoloured entities, genetically attributable to Nigritella miniata, has been reported. On the
contrary, they have been classified as morphologically belonging to presumed Nigritella bicolor
from the whole Nigritella miniata area, including Julian and Dinaric Alps. Concerning Nigritella
hygrophila from locus classicus, genetic investigations reported in HEDREN et al. (2017) did not
reveal reliable genetic differences from other populations of Nigritella miniata var. dolomitensis
(Nigritella dolomitensis) collected in the Dolomites, to justify a separation of it. This corresponds
completely with the above mentioned morphological studies based on extensive biometric
evaluations. However, for all the Dolomite populations together, segregation from Nigritella
miniata seems to be genetically supported. Based on morphology, the subspecies level may be
more suitable than the variety level, as formerly favoured by Lorenz & Perazza (2012).

The problem of the correct name, Nigritella miniata or Nigritella rubra, which has been differently
seen by European botanists and orchidophiles for a long time, now also seems to be resolved
as the NCVP did not recommend the proposal to conserve Gymnadenia rubra over Orchis
miniata, confirming Nigritella miniata — in this context lecto- and epitypified — as a correct
name (APPLEQUIST 2012; BAuMANN & Lorenz 2011). The available genetic data in HEDREN
etal. (2017) from Slovenian samples support our recent morphometric study by the hitherto
investigated red-flowering Nigritella populations from Slovenia attributing to a single taxon, Red
Vanilla Orchid Nigritella miniata s. str.
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