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divergent lineages corresponding to geographically 
distinct regions. Although these lineages are congru-
ent with hypotheses distinguishing either two spe-
cies (D. pacheri s. str., D. norica) or one species with 
several subspecies, the lack of clear morphological 
separation, both with respect to the entire set of traits 
and single presumably diagnostic characters such as 
trichome morphology, renders recognition of a single 
species D. pacheri, as suggested previously, the best 
taxonomic solution. The deep and geographically 
strongly structured splits of D. pacheri likely are the 
result of isolation in several Pleistocene refugia and 
warrant that conservation efforts should involve pop-
ulations from each of the main geographic subgroups.

Keywords  Draba norica · Draba pacheri · 
Morphometrics · Phylogeny · Phylogeography · 
Taxonomy

Introduction

The genus Draba is the largest within the family of 
Brassicaceae, comprising more than 370 species 
worldwide (Warwick et  al. 2006). Draba is mainly 
distributed in Arctic, Subarctic, alpine and montane 
areas (Jordon-Thaden et  al. 2010). Despite consider-
able progress with respect to the delimitation and 
infrageneric structure of Draba (Jordon-Thaden 
et  al. 2010), many species are yet to be studied 
using molecular phylogenetic means and numerous 
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taxonomic questions at the species level remain, 
affecting our understanding of this model group as to 
its diversification and evolution in Arctic and (high-)
mountain habitats.

One of these insufficiently investigated species is 
D. pacheri Stur. After discovering it in the Austrian 
Alps, in the eastern Hohe Tauern on Stern mountain 
(= Sternspitze; pop. 3, Fig. 1), R. Gussenbauer gave 
the plant to D. Pacher, who sent it further to D. Stur 
(Melzer and Prugger 1986). Stur eventually described 
it as a new species in 1855 (Stur 1855) and named it, 
after its presumed discoverer, D. pacheri (Melzer and 
Prugger 1986). In 1931, F. Widder reported popula-
tions of a morphologically similar species from the 
mountain range of Koralpe in the Lavanttaler Alpen 
(pop.  7, Fig.  1), more than 100  km east of Stern 
mountain. Allegedly differing from D.  pacheri in 
plant height, number of cauline leaves, silique length, 
fruit pedicel length and especially trichome morphol-
ogy (Widder 1931, 1934; Table  1), Widder consid-
ered the population from Koralpe to be sufficiently 
distinct to describe it as a separate locally endemic 
species, D.  norica Widder (Widder 1931). Later, 
apart from further populations in the eastern Hohe 
Tauern (Melzer and Prugger 1986; Stöhr et al. 2007), 
geographically intervening populations of D. pacheri 
and D.  norica in the Gurktaler Alpen (pop. 4) and 
the Seetaler Alpen (pops 5 and 6; Fig. 1) were found 
(Melzer 1962; Melzer and Prugger 1986). Buttler 

(1967) reported a specimen from the Belianské Tatry 
in Slovakia (Fig.  1), where the species is presum-
ably extinct (Peniašteková et  al. 2000). As popula-
tions from the Seetaler Alpen and from the Belianské 
Tatry could not be unambiguously assigned to either 
D. pacheri or D. norica (Table 1), Buttler (1967; the 
population from the Gurktaler Alpen was not known 
to him) regarded all thitherto known populations as 
belonging to a single, though morphologically quite 
variable, species D. pacheri, a treatment followed in 
modern floras and checklists (e.g. Euro+Med 2006–, 
Fischer et al. 2008). Nonetheless, emphasizing some 
morphological differences and the pronounced geo-
graphic separation among populations, Melzer and 
Prugger (1986) suggested that the taxonomic recog-
nition of geographically separated subspecies may be 
advisable. As D. pacheri is a species of conservation 
concern, listed in both national and regional Red data 
lists (Kniely et al. 1995; Niklfeld and Schratt-Ehren-
dorfer 1999), clarification of taxonomic uncertainties 
is necessary.

Several hypotheses have been put forward with 
respect to the taxonomic position of D.  pacheri. 
Pacher (1885) suggested a close relationship to the 
Arctic D.  glabella (as D.  hirta L. siliculis glabris), 
an idea seconded by Ekman (1917), who even put 
D.  pacheri into the synonymy of D.  glabella (using 
for the latter the name D. magellanica subsp. borea). 
Weingerl (1923) suggested that D.  pacheri is a 

Fig. 1   Distribution of 
Draba pacheri in Europe 
(insert) and in the Austrian 
Alps (population num-
bers as in Table 2; the 
unsampled westernmost 
population is indicated by a 
diamond)
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neo-endemic derivative of D.  tomentosa, whereas 
Schulz (1927) suggested a closer relationship to 
D. dubia. Widder (1931, 1934) considered D. pach-
eri close to an ancestral form of the group including, 
among others, D. dubia, D. tomentosa and D. incana. 
Finally, based on morphological and cytological evi-
dence, Buttler (1967) considered D.  pacheri part of 
the Arctic-Asian D. glabella-complex, yet, in contrast 
to Pacher (1885) and Ekman (1917), with a closer 
relationship to Central Asian than to Arctic species. 
None of these hypotheses has, however, been tested 
using molecular phylogenetic data.

Here we address the phylogenetic position of 
D.  pacheri and assess whether the disjoint popula-
tions in the Alps are genetically and morphologically 
distinct and so may merit taxonomic recognition. To 
this end, we sequenced two markers (nuclear ITS 
and plastid trnLF) allowing the species to be placed 
in the molecular phylogenetic framework established 
recently (Jordon-Thaden et  al. 2010), and generated 
molecular (AFLP fingerprint data) and morphomet-
ric data (focusing on suggested diagnostic characters 
such as leaf trichomes or fruit dimensions: Table 1) to 
detect entities worthy of taxonomic recognition.

Material and Methods

Plant Material

The plant material of D.  pacheri was collected in 
four regions (Hohe Tauern, Gurktaler Alpen, Seetaler 
Alpen and Koralpe) between June and August 2013. 
In 2014, a search for the population in Slovakia, in 
the Belianské Tatry, was undertaken, but was not 
successful. All fieldwork was carried out according 
to the permissions granted by the responsible public 
authorities. Thus, no plant vouchers were collected, 
and only single leaves were taken. GPS coordinates 
were acquired using a Garmin eTrex 10 GPS device. 
Possible sampling sites were taken from the litera-
ture (Widder 1931; Melzer 1962; Melzer and Prug-
ger 1986); sampling sites within a 2-km distance were 
grouped into populations, well reflecting the regional 
aggregation of sampling sites. The westernmost 
population in the Hohe Tauern (Stöhr et  al. 2007), 
located about 18  km west of population  1, was not 
visited for logistical reasons. The sampling locations Ta
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and populations are listed in Table 2 and the popula-
tions are shown in Fig.  1. From each sampling site, 
one to five plants were chosen for the collection of 
leaf samples for further analysis, resulting in 36 indi-
viduals of D. pacheri and six individuals of the out-
group species D.  siliquosa (five from the Gurktaler 
Alpen, pop. 4, and one from the cirque ‘Seekar’ in the 
Koralpe, pop.  7). Whenever possible, usually three 
rosette leaves or, in their absence, cauline leaves were 
collected and dried in silica gel to be used for both 
DNA extraction and trichome analysis.

Molecular Data

DNA was extracted using the peqGOLD Plant DNA 
Mini Kit (peqlab, Erlangen, Germany) according to 

the manufacturer’s instructions. Because of the criti-
cal limitation of plant material, only 2–5 mg of each 
plants’ leaf tissue could be used for extraction to keep 
some of the leaf material for a second extraction if 
necessary. The extracted DNA was eluted in 100  μl 
HPLC water and stored at −20°C.

For DNA sequencing, five samples of D. pacheri 
(two from the Hohe Tauern, one from the Gurktaler 
Alpen, one from the Seetaler Alpen and one from 
the Koralpe) and one of D. siliquosa (from the Gurk-
taler Alpen) were used. The nuclear ITS region was 
amplified using primers ITS 4 and ITS 5 (White et al. 
1990); the plastid trnLF region (trnL-intron and trnL-
trnF intergenic spacer) was amplified using primers 
c and f (Taberlet et  al. 1991). The PCRs were car-
ried out on an Applied Biosystems GeneAmp PCR 

Table 2   List of visited sites, sampling locations and populations of Draba pacheri 

a  population codes as used in Table S1

Location Sampling codea Number of 
sampled indi-
viduals

Geographic coordinates Elevation [m]

Hohe Tauern, Ankogelgruppe, Hafnergruppe
  population 1
     Oblitzen POB 5 47°04.760′ N; 13°27.241′ E 2,627
     saddle between Oblitzen and Schurfspitze PEO 1 47°04.719′ N; 13°26.807′ E 2,547
     W of saddle between Oblitzen and Schurf-

spitze
PWE 1 47°04.693′ N; 13°26.615′ E 2,572

     E of Schurfspitze POS 1 47°04.676′ N; 13°26.527′ E 2,586
     Schurfspitze PSC not found
  population 2
     Kareck PKE 5 47°03.534′ N; 13°33.237′ E 2,479
     Steinwandeck PSW not visited
  population 3
     Stern[spitze] AST 1 47°01.187′ N; 13°32.020′ E 2,486
     Wandspitze AWS not found
     Wandkessel AWK not found
     Poisnig APG 5 47°00.771′ N; 13°31.784′ E 2,520

Gurktaler Alpen, Nockberge
  Bretthöhe (population 4) GBH 5 46°54.604′ N; 13°55.988′ E 2,149

Lavanttaler Alpen, Seetaler Alpen
  Linderseekar (population 5) SLK 6 47°04.240′ N; 14°34.290′ E 2,022
  Wildseekar (population 6) SWK 1 47°02.692′ N; 14°34.923′ E 2,137

Lavanttaler Alpen, Koralpe (population 7)
  Großes Kar KGK 5 46°48.190′ N; 14°58.602′ E 1,797
  Seekar KSN not found

Belianské Tatry
  Košiare BTK not found

182 E. Kucs et al.
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System 9700 thermocycler (ABI, Foster City, CA, 
USA). The PCR mix contained 0.9 μl of DNA extract 
of unknown concentration, 9  μl 1.1X ReaddyMix 
PCR (Thermo Fisher, Braunschweig, Germany), 9 μl 
HPLC-water and 0.7 μl of each primer. For ITS, the 
PCR conditions were 4 min at 94°C; 35 cycles each 
with 1 min at 95°C, 1 min at 51°C, 1 min at 68°C, and 
a final elongation step of 10 min at 72°C. For trnLF, 
the conditions were 1.5 min at 94°C, 35 cycles each 
with 15 s at 94°C, 15 s at 51°C, and 1.5 min at 72°C; 
and extension for 10 min at 72°C. PCR products were 
cleaned with 1 µl FastAP and 0.5 µl Exo I (Thermo 
Fisher) following the manufacturer’s instructions. 
Cycle sequencing was carried out in 10-μl volumes, 
containing 5.3 μl of the PCR product, 2 μl trehalose, 
1.6  μl sequencing buffer, 0.6  μl Big Dye and 0.5  μl 
primers. After cleaning the products with Sephadex 
G-50 Fine (Sigma-Aldrich, St. Louis, USA), they 
were separated on a cycle sequencer (ABI 3730 DNA 
Analyzer capillary sequencer; Applied Biosystems, 
Foster City, CA, USA).

Sequence reads were assembled in SeqMan 5.05 
(DNAStar, Madison, WI, USA). Using Bioedit 7.2.5 
(Hill 1999), the ITS and trnL sequences were aligned 

to the datasets of Jordon-Thaden et  al. (2010) con-
taining ITS and trnL sequences of 169 Draba spe-
cies. The three datasets (nuclear sequences, plastid 
sequences and combined sequences) were analysed 
using maximum likelihood with the fast bootstrap 
option with 1,000 replicates (Stamatakis et al. 2008) 
using RAxML 8.0.14 (Stamatakis 2014).

For AFLPs, 38 samples (36 of D. pacheri and 
two of D. siliquosa) were analysed. The AFLP pro-
tocol followed Vos et  al. (1995) with the modifica-
tions described in Schönswetter et  al. (2009) and 
Rešetnik et  al. (2014). Three primer combinations 
were employed for the selective PCR (fluorescent 
dye in brackets): EcoRI (6-FAM)-ACA/MseI CAT, 
EcoRI (NED)-ACC/MseI-CAT and EcoRI (VIC)-
AAG/MseI-CTG. Purification and visualization of 
PCR products were done as described in Rebernig 
et  al. (2010). All samples were processed in a sin-
gle PCR round. Eleven samples (26%) were used as 
replicates to test reproducibility. Raw AFLP profiles 
were aligned with the internal size standard using 
ABI Prism GeneScan 3.7.1 (Applied Biosystems) 
and scored manually with Genographer 1.6.0 (version 
no longer available). Following Bonin et  al. (2004), 

Fig. 2   Stellate hairs in 
Draba pacheri of type A 
(a–c) and type B (d–e)

183Deep phylogeographic splits but no taxonomic structure in the disjointly distributed Draba…
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the error rate was calculated as the ratio of mis-
matches over matches in AFLP profiles of replicated 
individuals.

For the whole dataset (i.e. including the out-
group), a neighbour joining tree based on uncorrected 
p-distances with 1,000 bootstrap replicates was con-
structed using SplitsTree 4.13.1 (Huson and Bryant 
2006). Subsequent analyses were done for D. pacheri 
only, removing bands that were either monomorphic 
or present/absent in a single individual only. AFLPdat 
(Ehrich 2006) was used to calculate ‘rarity1’ (hence-
forth referred to as the rarity index), corresponding to 
the frequency down-weighed marker value of Schön-
swetter and Tribsch (2005), and Nei’s gene diver-
sity (Nei 1973) for each of the four regions (Hohe 
Tauern, Gurktaler Alpen, Seetaler Alpen, Koralpe) 
as well as for each population (except population 6, 
where only a single individual was found). Using 
SplitsTree 4.13.1, a NeighbourNet with 1,000 boot-
strap replicates was created. A principal coordinate 
analysis based on Jaccard’s similarity coefficient was 
done using FAMD 1.31 (Schlüter and Harris 2006). 
Population structure was inferred using the Bayesian 
clustering approach in Structure 2.3.4 (Pritchard et al. 
2000; Falush et  al. 2007) run in parallel using the 
R-package ParallelStructure 1.0 (Besnier and Glover 
2013). Using an admixture model with correlated 
allele frequencies (as suggested for closely related 
populations: Falush et al. 2003) and recessive alleles, 
ten replicate runs for each K (number of groups) 
ranging from 1 to 10 were calculated using a burn-
in of 5 × 105 iterations followed by 2 × 106 additional 
MCMC iterations. The optimal number of groups was 
identified using the deltaK approach (Evanno et  al. 
2005) as implemented by the StructureHarvester web 
0.6.94 (Earl and vonHoldt 2012).

Morphometric Data

Herbarium material from various Austrian herbaria 
(GJO, GZU, KL and LI; abbreviations follow the 
Index Herbarium: http://​sweet​gum.​nybg.​org/​scien​
ce/​ih, accessed on 16 October 2020), amounting to 

161 vouchers excluding material grown in botani-
cal gardens, as well as fresh material from 32 plants 
was examined for ten characters (Table  S1 in the 
Electronic supplementary material): (1) above-
ground plant height; (2) number of cauline leaves; (3) 
length of a central rosette leaf; (4) length of the stem 
between rosette leaves and lowest pedicel; (5) angle 
between fruit pedicel and stem; (6) length of fruit 
pedicel; (7) fruit length; (8) fruit width; (9) ratio of 
fruit length and fruit width; (10) ratio of fruit pedi-
cel length and fruit length. Characters (7) to (9) were 
obtained by averaging over measurements from the 
three lowest, sufficiently developed siliques whereas 
characters (5) and (6) were averaged over three meas-
urements from the three lowest fruits, irrespective 
of their developmental status (properly developed or 
putatively aborted). For plants selected in the field, 
these data were collected in vivo in order not to dam-
age the plants. The final sample sizes for each region 
were n = 124 for the Hohe Tauern, n = 9 for the 
Gurktaler Alpen, n = 24 for the Seetaler Alpen, and 
n = 36 for Koralpe.

Because many of the herbarium vouchers as well 
as some of the fresh material were in bad condition, 
trichome analysis was carried out on fully developed 
leaves collected in the field (thirteen samples from 
the Hohe Tauern, five samples from the Gurktaler 
Alpen, five samples from the Seetaler Alpen, one 
sample from the Koralpe, totalling 24 samples) and 
from selected herbarium vouchers (three from the 
Seetaler Alpen and six from the Koralpe). The pro-
portion of different trichome types (see below) on 
the lower surface of the proximal half of the rosette 
leaves was determined using a stereomicroscope, and 
images were taken with a digital camera. To this end, 
the investigated trichome types were marked on the 
images with specific symbols to prevent counting 
errors; in case of uncertainties concerning the clas-
sification of trichomes on the digital images, a ster-
eomicroscope was used to examine the leaf surface 
directly. Only stellate trichomes composed of four 
primary branches were counted after being classified 
into two types differing in the size and number of sec-
ondary branches, as this character was considered of 
particular relevance by Widder (1931) to differenti-
ate D. norica from D. pacheri. Both types have none 
to several tooth-like secondary branches (i.e. with a 
length  :  width ratio < 2 and being maximally 0.15 
times as long as the primary branch) but differ in the 

Fig. 3   Phylogenetic relationships of Draba pacheri inferred 
from maximum likelihood analysis of combined ITS and trnL-
F data (only the Core Draba Group III is shown, whose posi-
tion in the overall Draba phylogeny is indicated in the insert 
phylogeny)

◂
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number of long secondary branches (i.e. with a length 
: width ratio of at least 2 and being at least 0.15 times 
as long as the primary branch): type A has maximally 
one long secondary branch, while type B has at least 
two long secondary branches on the same or on dif-
ferent primary branches (Fig. 2).

Morphometric data were analysed using PAST 
4.03 (Hammer et al. 2001). Differences in single mor-
phometric characters between the four geographically 
distinct regions were tested via Kruskal-Wallis tests 
(only for character  7, fruit length, a normal distri-
bution for residuals was not rejected: Shapiro-Wilk 
W = 0.9943, p = 0.6783) and subsequent Dunn’s 
post hoc tests applying sequential Bonferroni cor-
rection. Principal component analyses (PCA) were 
done on both the entire morphometric dataset (i.e. 
morphometric characters 1–10 plus proportion of hair 
type A) as well as a reduced dataset excluding the sin-
gle discrete character (character 2: number of cauline 
leaves) as well as hair type (due to a high proportion 

of missing data: 83%) using a normalized variance-
covariance matrix (correlation) and using iterative 
imputation of missing values.

Results

In Austria, all visited populations of D. pacheri were 
confirmed in all four regions (Hohe Tauern, Gurktaler 
Alpen, Seetaler Alpen, Koralpe). In populations with 
more than one sampling site, however, D.  pacheri 
could not be confirmed for some sampling sites, most 
prominently the type locality of D. norica on the east-
ern slopes of the Koralpe (Seekar; Table 2).

Molecular Data

Newly obtained DNA sequence data (from five 
accessions of D.  pacheri and one of D.  siliquosa) 
are available from the GenBank database under 

Fig. 4   Neighbour joining 
tree inferred from AFLP 
data of Draba pacheri 
(bootstrap values above 
branches)

186 E. Kucs et al.
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accession numbers OK336415–OK336420 (ITS) and 
OK346544–OK346549 (trnLF). From DNA sequence 
data, D.  pacheri, without any sequence variation, 
was inferred across all three datasets (log-likelihood 
scores of −6,418.9745 for nuclear ITS, −6,333.9862 
for trnLF, and -14,489.7883 for the combined data) to 
fall into the clade of Core Draba Group III as defined 
by Jordon-Thaden et  al. (2010; Fig.  3; phylogenetic 

trees from all three datasets available as a zip file in 
the Electronic supplementary material). Because 
of the overall low and/or poor resolution within this 
clade, precise relationships of D. pacheri could not be 
ascertained.

For AFLPs, in the larger dataset (D.  pacheri and 
the outgroup D.  siliquosa) 194 polymorphic frag-
ments were scored with an error rate of 0.0007. In 

Table 3   Rarity and gene 
diversity in Draba pacheri 
derived from AFLP data

Area or population Number of individuals 
sampled

Rarity Gene diversity

Hohe Tauern 19 1.2575 0.08663
  population 1 8 1.2119 0.00726
  population 2 5 1.4077 0.00678
  population 3 6 1.2202 0.01808

Gurktaler Alpen (population 4) 5 2.0862 0.00678
Seetaler Alpen 7 1.6026 0.00807

  population 5 6 1.7953 0.00904
Koralpe (population 7) 5 2.5486 0.01356

Fig. 5   Genetic structure 
in Draba pacheri inferred 
from AFLP data: (a) Neigh-
bourNet (numbers at splits 
are bootstrap values, those 
in parentheses at the popu-
lation number indicate the 
number of individuals of 
this genotype), (b) principal 
coordinate analysis, (c) 
genetic clusters identified 
via the Bayesian clustering 
approach in Structure with 
two and five clusters, K, 
respectively
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the neighbour joining tree (Fig.  4), rooted with D. 
siliquosa, strong and well supported (bootstrap sup-
port [BS] 98–100) differentiation was not only found 
among the four geographic regions, but also within 
the Hohe Tauern (pops 1–3). Here, pop.  2 (BS 98) 
was as distinct from the remaining populations (pops 
1 and 3: BS 99) as it was from the single population 
from the Gurktaler Alpen (pop. 4: BS 100). How-
ever, relationships among these three clades (pops 1 
and 3; pop. 2; pop. 4) were not resolved. Subsequent 
sister groups to pops  1–4 were the population (pop. 
7; BS 100) from the Koralpe (BS 93) and the ones 
(pops  5–6; BS 100) from the Seetaler Alpen (BS 
100).

The dataset including only accessions of D. pach-
eri comprised, after exclusion of 88 monomorphic 
bands and ten bands that were present or absent in 
only a single individual, 59 polymorphic fragments. 
Calculated for the four regions (Hohe Tauern, Gurk-
taler Alpen, Seetaler Alpen, Koralpe), gene diversity 
varied approximately thirteen-fold, ranging from 
0.0068 (Gurktaler Alpen) to 0.0866 (Hohe Tauern), 
and the rarity values varied approximately two-fold 
from 1.2575 (Hohe Tauern) to 2.5122 (Koralpe; 
Table 3). At the population level, gene diversity var-
ied approximately 2.7-fold, ranging from 0.0068 
(pop. 4 from Gurktaler Alpen and pop. 2 from Hohe 
Tauern) to 0.0181 (pop. 3 from Hohe Tauern), and 
the rarity values varied approximately two-fold from 
1.2119 (pop. 1 from the Hohe Tauern) to 2.5122 
(pop. 7 from Koralpe; Table 3).

The NeighbourNet analysis (Fig. 5a) revealed three 
major groups corresponding to the Koralpe (pop.  7; 
BS 100), Seetaler Alpen (pops 5, 6; BS 100) and 
Gurktaler Alpen plus Hohe Tauern (pops 1–4; BS 
97). Within the latter group, the same three subgroups 
already identified by the neighbour joining analysis 
were found: Gurktaler Alpen (pop. 4; BS 100), Hohe 
Tauern pop. 2 (BS 98) and Hohe Tauern pops 1 and 3 
(BS 96); relationships among those three subgroups 
were unclear because of reticulations (Fig. 5a).

In the principal coordinate analysis (Fig. 5b), pop-
ulations were separated according to geography. Spe-
cifically, the Koralpe population (pop.  7) was sepa-
rated from the others along the first axis (explaining 

56.28% of the variation), the Seetaler Alpen ones 
(pops 5–6) along the second axis (explaining 24.35% 
of the variation), and the Gurktaler Alpen (pop. 4) 
and Hohe Tauern populations (pops  1–3) from each 
other along the third axis (explaining 12.78% of the 
variation; Fig. 5b).

At K = 2, identified by deltaK as the optimal num-
ber of groups (Fig. S1 in the Electronic supplemen-
tary material), D. pacheri was divided into a western 
group (pops  1–4) and an eastern group (pops  5–7), 
essentially without any admixture (Fig. 5c). At K = 5, 
suggested by a distinct peak in the deltaK distribu-
tion and by a stable likelihood maximum (Fig.  S1), 
D.  pacheri was divided according to the four geo-
graphic regions, additionally assigning the popula-
tions from the Hohe Tauern to two separate groups 
(pop 2 vs pops 1 and 3), again essentially without any 
admixture among groups (Fig. 5c).

Morphometric Data

The full data matrix is available as Table  S1 in the 
Electronic supplementary material. Of the ten mor-
phometric characters, only two differed significantly 
between one geographic region and the remain-
ing ones. Specifically, plants from the Koralpe had 
a significantly smaller ratio of fruit length to fruit 
width whereas plants from the Hohe Tauern had a 
significantly smaller ratio of fruit pedicel length to 
fruit length (Fig.  6). For the remaining characters, 
significant differences between two or three geo-
graphic regions were found commonly, but any such 
differences were blurred by one or more geographic 
regions showing intermediate values (Fig.  6). For 
example, plants from the Hohe Tauern had a signifi-
cantly lower number of cauline leaves than plants 
from both the Seetaler Alpen and the Koralpe, but 
plants from the Gurktaler Alpen did not differ signifi-
cantly from any of the other three regions.

The on average lowest proportion of trichomes 
with two or more long secondary branches (type B) 
was found in plants from the Gurktaler Alpen (2%) 
and from the Koralpe (11%), the on average highest 
proportion of these trichomes was found in plants 
from the Seetaler Alpen (23%) and from the Hohe 
Tauern (26%). However, variation was large in all 
regions (Hohe Tauern 3–51%, Seetaler Alpen 6–34%, 
Koralpe 0–56%) except for the Gurktaler Alpen 
(0–3%).

Fig. 6   Box-plots of ten morphometric characters in Draba 
pacheri. Groups not sharing any letter are significantly differ-
ent at the 5% level

◂
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In the PCA, no separation among the Hohe Tau-
ern, Gurktaler Alpen, Seetaler Alpen, and Koralpe 
was found irrespective of the dataset used (Fig.  7). 
Separation along the main axis was mainly due to 
plant height (char.  1), leaf length (char.  3), scape 
length (char.  4) and fruit pedicel length (char.  6) 
whereas separation on the second axis was mainly 
due to hair type (full dataset only) and fruit breadth 
(char. 8; Table S2).

Discussion

DNA sequence data firmly place D.  pacheri in the 
Core Draba Group III as circumscribed by Jordon-
Thaden et  al. (2010). However, because of the low 
resolution at the backbone of the phylogenetic tree 
and the generally low levels of support, identifying 
the closest relative of D.  pacheri is not possible. A 
closer relationship with the Nordic D.  glabella, as 
suggested by Buttler (1967) based on morphology 
and ploidy level, is not refuted by sequence data, 
but the complexity of D. glabella, whose accessions 
do not form a cohesive group and intermix with 
other species (Fig.  3), renders even the delimita-
tion of a D. glabella complex (as defined by Buttler 
1967) impossible. Evidently, further studies using 
better-resolving phylogenetic markers and a broader 
sampling (e.g. including more samples of the west-
ern North American D.  praealta, which is inferred, 
though without support, as the closest relative of 
D. pacheri) will be necessary to address the precise 
phylogenetic position of D. pacheri.

Several hypotheses have been suggested with 
respect to the taxonomic treatment of D.  pach-
eri. Widder (1931, 1934) suggested, based on 

morphological differences especially concerning 
trichome morphology, separating D.  norica from 
the Koralpe from D. pacheri from the Hohe Tauern 
(the geographically intermediate populations from 
the Seetaler Alpen and Gurktaler Alpen were not 
known yet). Buttler (1967) found that populations 
from the Seetaler Alpen and from the Tatras could 
not be readily assigned to D. norica or D. pacheri 
and blurred the distinction between these two spe-
cies; consequently, he merged them in a single spe-
cies. Finally, Melzer and Prugger (1986), addition-
ally including the population from the Gurktaler 
Alpen, suggested that the four groups identified 
by Buttler (1967; Hohe Tauern, Seetaler Alpen, 
Koralpe, Tatry) could be treated as subspecies. 
Indeed, genetic data were compatible with the dis-
tinction of two or three (infraspecific) taxa in the 
Alps. Specifically, our structure analysis (Fig.  5c) 
suggests two lineages (Hohe Tauern and Gurktaler 
Alpen; Seetaler Alpen and Koralpe) correspond-
ing to the delimitation of D.  pacheri s.  str. and to 
D. norica used by Widder (1931, 1934), Melzer 
(1962), and Melzer and Prugger (1986) whereas 
our NeighbourNet and PCoA analyses (Fig.  5a,b) 
suggest three lineages (Hohe Tauern and Gurktaler 
Alpen; Seetaler Alpen; Koralpe) corresponding 
to subspecies as envisaged by Melzer and Prugger 
(1986). Neither of these groups can, however, be 
diagnosed morphologically, as morphological char-
acters either only define single groups (e.g. indi-
viduals in Seetaler Alpen are taller than in all other 
regions, see Fig. 7, but this character is expected to 
be little reliable as plant growth will be affected by 
random fertilization from sheep or chamois drop-
pings: Melzer and Prugger 1986) or are incongru-
ent with genetic grouping (the high proportion of 

Fig. 7   Principal component 
analysis of morphometric 
data of Draba pacheri 
based on the (a) complete 
dataset and (b) a dataset 
including only continuous 
data available in at least 
99% of the samples. Sym-
bols indicate geographic 
origin: dots, Hohe Tauern; 
squares, Gurktaler Alpen; 
plus sign, Seetaler Alpen; 
crosses, Koralpe
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strongly branched trichomes considered character-
istic for D.  pacheri s.  str. joins the Seetaler Alpen 
with the Hohe Tauern to the exclusion of the Gurk-
taler Alpen). In the absence of any clear and con-
sistent morphological differentiation, keeping a sin-
gle species without any infraspecific taxa, as done 
by Buttler (1967), seems to be the most prudent 
option.

Each of the four geographic groups within 
D.  pacheri from the Alps is associated with well-
known Pleistocene refugia (Tribsch and Schönswet-
ter 2003). An association with local refugia may also 
explain the unexpectedly pronounced differentiation 
within the Hohe Tauern (pop. 2 versus pops 1 and 3). 
The deep genetic split separating the Koralpe and the 
Seetaler Alpen populations from each other and from 
the remaining populations (Fig. 5a,b) is likely due to 
a combination of persistent isolation in Pleistocene 
refugia and small populations sizes.

Draba pacheri is a species of protection concern. 
In Slovakia it is considered ‘regionally extinct’ (Turis 
et  al. 2014). During this study, a few subpopula-
tions reported from the Austrian Alps could not be 
confirmed either. The most prominent of those is on 
the eastern slope of the Koralpe (cirque ‘Seekar’), 
the type locality of D. norica, where several search-
ing campaigns were not successful; hence, we cannot 
exclude that D. pacheri may be locally extinct there 
(the species is still occurring on the western slope of 
the Koralpe, less than 1  km from the type locality). 
Because the majority of the subpopulations in Aus-
tria could be confirmed, there appears to be no imme-
diate threat to this species, but low genetic diversity 
within some regions (Table  3) and global warming 
are expected to negatively affect the survival of small 
populations at rather low elevations, especially those 
in the Gurktaler and Seetaler Alpen. The pronounced 
genetic divergence among different geographic 
regions renders it necessary to protect each of the 
populations individually.
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