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ABSTRACT

Cirsium (thistle) is one of the most taxonomically demanding genera within the Compositae.These taxonomic
difficulties are hypothesized to result from limited morphological differentiation, incipient speciation and/or
hybridisation among taxa, and misinterpretations of faded and incomplete herbarium specimens.According to
the latest data, the Dinarides and the Eastern Alps are inhabited by the endemic, diploid, newly described spe-
cies Cirsium greimleri, which often occurs in sympatry with C. rivulare and C. erisithales. The area of the related,
vicarious, tetraploid, and endemic species C. waldsteinii is limited to the southeastern Carpathians. Considering
that the new knowledge refutes the existence of C. waldsteinii in Bosnia and Herzegovina, it was necessary to
review all C. waldsteinii data discovered so far in Bosnia and Herzegovina. The results obtained from the dis-
tribution of the species, the predictive modelling of its ecological niche, and the analysis of the genome size
confirmed the existence of the species C. greimleri in Bosnia and Herzegovina and its potential hybridisation.
This study indicates the need for further research into the sympatry of C. greimleri and its relatives, as well as

the essential taxonomic revision of this complex.
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INTRODUCTION - Uvod

The genus Cirsium Mill., known as thistle, is one of the
largest genera in Compositae, containing approximately
250 taxa (Segarra-Moragues et al., 2007; Ackerfield et
al,, 2020) or roughly 400—450 species (Michalkova et
al,, 2018; Bures et al., 2018) widely distributed across

* Corresponding author:Ajla Berberovié, berberovica3@gmail.com

the Northern Hemisphere. Cirsium species are either
perennial or biennial, with good adaptability to various
environments such as wetlands, meadows, steppes and
even desert landscapes (Charadze, 1963; Davis & Paris,
1975; Petrak, 1979; Keil, 2006; Kadereit & Jeffrey, 2007;
Segarra-Moragues et al.,, 2007;Yildiz et al., 2016). Du-
ring the 17" and 18" centuries, early references to the
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genus Cirsium were often inconsistent, and diverse taxa
were understood as representatives of different genera
(Tournefort, 1694; Linnaeus, 1753; Miller, 1 754;Adanson,
1763; Necker, 1790; Sweet, 1825; Cassini, 1826; Cando-
lle & Duby, 1828; Lessing, 1832; Candolle, 1837; Koch,
1851; Fourreau, 1869; Gray, |874; Greene, 1892).Accor-
ding to the Flora Europaea (Werner, 1996), Cirsium spe-
cies belong into three Cirsium sections: Eriolepis, Cirsium
and Cephalonoplos.

It was considered that Cirsium waldsteinii Rouy is natu-
rally present in Eastern Alps, Carpathians and Dinari-
des, where its presence in the western Balkans region
is confirmed by the local floras (Domac, |1967; Josifovi¢,
1970; Bjelci¢ et al., 1983). However, botanists have en-
countered challenges in identifying this species due to
discrepancies in its descriptions across different Florae.
Molecular investigations have revealed taxonomic com-
plexities within the genus Cirsium due to the frequent
hybridisation of its representatives (Bures et al., 2004).
As a result of a comprehensive study by Bures et al.
(2018) it was described that endemic diploid species C.
greimleri Bures (Greimler’s thistle), inhabited the Dina-
ric and Eastern Alpine regions. The range of its closely
relative tetraploid vicar species C. waldsteinii is limited
to the southeastern Carpathians. The new findings by
these authors unreservedly refute the existence of the
species C. waldsteinii in the region of the Dinaric and Ea-
stern Alps.

This issue presents a challenge that is effectively solved
through advanced modelling techniques. Species Distri-
bution Models (SDMs) are used to estimate a speci-
es’ current and future geographic distribution and envi-
ronmental niche.Today, MaxEnt is the most commonly
used model and has been used in studies assessing the
effects of climate change on species distribution, speci-
es richness, invasive species, endemism hotspots, as well
as in estimating the range and protection status of rare
species (Cunningham et al., 2009;Wan et al., 202 1; Qazi
et al,, 2022). Additionally, QGIS is widely used in scien-
tific research across various disciplines due to its capa-
bilities for handling spatial data and conducting geospa-
tial analysis. This method is helpful for visualising urban
development (Zaki et al., 2022), tree species mapping
(Choudhury et al., 2020), forest inventory (Pica et al.,
2022), tracking outbreaks, and analysing the spread of
infectious diseases (da Silva et al., 2021), but also for
asses distribution patterns and predictive models for
plant species (Cursach et al., 2020).

The objectives of this study were to contribute to the
revision of the current species count within the genus
Cirsium in Bosnia and Herzegovina (B&H) and to detect

potential localities of allopatric and sympatric populati-
ons of newly described C. greimleri using predictive mo-
delling methodology.

MATERIALS AND METHODS -
Materijal i metode

Input data

Herbarium collections data from the National Muse-
um of Bosnia and Herzegovina (SARA), relevant lite-
rature sources (Kusan, 1956; Bjelci¢ et al., 1983; Misic,
1984; Barudanovi¢, 2003; Pug, 2004) and field investi-
gations were used for the estimation of the potential
distribution of C. greimleri (ex C. waldsteinii) in Bosnia
and Herzegovina (Supplement Table 1). All references
for the species C. waldsteinii in Bosnia and Herzegovi-
na were treated as C. greimleri in this study. Additionally,
available distribution data of C. rivulare and C. erisithales,
as C. greimleri frequent hybridization partners (Heimerl,
1884; Fritsch, 1906; Khek, 1908; Benz, 1922; Leute and
Zeitler, 1967; Bures et al,, 2018), were used to detect
sympatric populations.

Unfortunately, herbarium and literature data regar-
ding the geographic locations of detected populations
in B&H for the investigated species were often incom-
plete. Consequently, reliability statuses were assigned
as follows: (1) unreliable — indicating the absence of a
narrower locality and/or altitude, and (2) reliable — indi-
cating the presence of a narrower locality and/or altitu-
de.All obtained initial parameters for the target species
were utilized in designing the distribution map and pre-
dictive modelling of ecological niches.

The areal map and predictive ecological niches

The Desktop version of QGIS Hannover 3.16.16 was
used to create the area map. Climate data were extrac-
ted from the WorldClim 2.| database, which includes
19 bioclimatic variables in the form of raster layers at
a resolution of 30 arc-seconds (Fick & Hijmans, 2017;
https://www.worldclim.org).This global database conta-
ins data obtained through the interpolation of tempera-
ture and precipitation values from over 3.500 national
meteorological stations included in the global network.
The data were derived from a 30-year average (1970-
2000) and are widely used (Hijmans et al., 2005; Fick &
Hijmans, 2017).

MaxEnt software functions by predicting the potential
spatial distribution based on existing occurrence data
(Phillips et al., 2006; Dai et al.,2022).An ecological niche
model was created using the maximum entropy met-
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Table 1. Investigated Cirsium greimleri populations

Tabela |. IstraZivane populacije Cirsium greimleri

Locality GPS-N GPS-E Altitude (m) Exposition
(’:;'n Ez;"r’e'::’;;‘va'a 43°4422" 18°16723" 1257 N
Mt. Jahorina, Bistrica-Paljevina 43°44°51” 18°33°48” 1454 N-Nw
Mt. Jahorina, Bistrica-Musak 43°44'49” 18°33’55” 1460
Mt. Jahorina, Grahov Dol 43°44'35” 18°34°'00” 1478

hod in MaxEnt 3.4.4. software (Phillips et al., 2006), and
the results were projected into geographic space, pro-
ducing a predictive map. On this map, pixel values range
from 0 to |, with cooler (blue) to warmer (red) colors
indicating habitat favorability. Values closer to | signify
more favorable habitats, while values closer to 0 indica-
te less favorable habitats for C. greimleri.

In the graphic representation of model accuracy, the x-
axis represents specificity, ranging from 0 to |, indica-
ting the proportion of locations correctly identified as
species-absent. The y-axis shows sensitivity (I — omissi-
on rate), also on a scale from 0 to |, reflecting the pro-
portion of locations where the species’ presence was
accurately predicted.

Fieldwork

According to the created preliminary distribution map,
four possible localities of the newly described diplo-
id species C. greimleri were selected (Table I): the Rav-
na Vala microhabitat with an allopatric population, and
three sympatric populations on Jahorina Mt. (with C.
erisithales and C. rivulare). The field investigations were
carried out between May and September of 2022. and
2023.

Genome size

Three to six individuals per population were sampled
for genome size estimation (Table I). The nuclear ge-
nome size was determined according to Bourge et al.
(2018). Fresh leaves of the internal standard species,
Petunia hybrida (Hort.) PxPc6 (2C=2.85 pg) (Marie &
Brown, 1993), were shredded with C. greimleri dried lea-
ves in a sterile plastic Petri dish with 600 pL of cold GiF
buffer for nuclear isolation. The GiF buffer included 45
mM MgCl2, 30 mM sodium citrate, 60 mM MOPS acid
pH 7, 0.1% PVP 10 000, 10 mM sodium metabisulfite
(Na2S205), RNA-se (2.5 U/mL),and 0.1% Triton X-100.

To remove cell and tissue debris, the nuclei suspension
was filtered through a nylon filter (r=30 or r=50 pm).
Nuclei were stained with 100 pg/ml propidium iodide
(PI) for at least 5 minutes at 4°C.

To obtain mean genome size values, approximately
5.000 stained nuclei were analysed for each sample
using a CytoFLEX S cytometer with 561 nm excitation,
26 mW, and emission through a 610/20 nm band-pa-
ss filter (Beckman Coulter-Life Science, United States).
Samples for each population had three to six separately
measured individuals, each with replication. CytExpert
2.3 software was used for histogram analysis. The mean
value (* st. dev.) of 2C DNA was calculated by compa-
ring the linear relationship between the fluorescent si-
gnals of the stained nuclei of the examined species and
the internal standard. Genome size values are expre-
ssed in absolute units of 2C (pg), monoploid values of
ICx (pg and in Mbp), recalculated using the conversion
factor | pg DNA = 978 Mbp (Dolezel et al., 2003).

RESULTS AND DISCUSSION -
Rezultati i diskusija

Bures et al. (2018) state that Cirsium waldsteinii is wide-
spread in the Eastern and Southern Carpathians, with
no distribution in the Eastern Alps and Dinaric region.
Also, they suggest that C. greimleri is distributed across
southeastern Austria, Slovenia, Croatia, Bosnia and Her-
zegovina, Montenegro, and Serbia. Therefore, all data pu-
blished for Bosnia and Herzegovina (Bjelci¢ et al., 1983;
Kusan, 1956; Misi¢, 1984; Barudanovi¢, 2003; Dug, 2004)
and SARA’s specimens were treated as C. greimleri.Accor-
ding to the available literature data, SARA specimens and
field work a total of 40 localities of the species C. greimle-
ri were detected in B&H (Supplement Table 1).

The distribution map and habitat suitability of C. grei-
mleri are presented in Figure |.Based on the conducted
software analysis, logistic output data were obtained.
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The formation of the given distribution was primarily
influenced by the Mean Temperature of the VWettest
Quarter (Bio8 variable; 51.8%). The following variables
include the Mean Temperature of the Driest Quarter
(Bio9; 30.2%) and Precipitation of the Wettest Quar-
ter (Biol 6;9.4%).According to our findings, habitats for
the potential spread of C. greimleri in B&H engage areas
from the high mountains to the subalpine belt. This is in
agreement with Bures et al. (2018) conclusions about C.
greimleri habitat ecology. These authors state that C. gre-
imleri occupies ecological niches within high-mountain
and subalpine ecosystems with a preference for open
high-mountain and subalpine park-like forest/woodlan-
ds, as well as moist slopes of forested valleys and sha-
ded forest roads, at altitudes ranging from 800 to 2.000
m above sea level.

Figure 1. Recorded localities for C. greimleri in B&H (see
Supplement Table I) overlaid by SDM (Species Distribution
Model)

Karta [. Evidentirane populacije C. greimleri u B&H (vidjeti
Dodatnu tabelu 1), predstavijene kroz distributivni model vrste

Detected Cirsium greimleri populations (Supplement Ta-
ble 1) with obtained habitat suitability using the MaxEnt
software, including a graphic representation of the model
accuracy, are presented in Figure |.Some of the localities
are not visible on the map of this scale due to their proxi-
mity. In the graphic representation of the model accuracy
(Figure 1), the ROC curve shows the relationship betwe-
en the true positive rate (sensitivity) and the false posi-
tive rate (specificity) for different model cut-offs, using
them as evaluation criteria. Small differences in omission
rates and their standard deviations, which indicate a good
match of the model with literature data were visible. An
AUC value of 0.970 means the model is highly accurate

and capable of distinguishing between regions with the
presence of species with those without them. Additio-
nally, the graph shows the omission gap between the mo-
delled and observed values.

The obtained potential distribution model of C. greimle-
ri and its predictive ecological niches (Figure |) confir-
med that the Alpine biogeographical region of the B&H
is an optimal habitat and potential zone for further re-
search and monitoring to better understand the spread
of the species.

The case of selected allopatric and sympatric
Cirsium greimleri populations

Figure 2 presents localities for the three target species
according to the Supplement Table .

1. favnapl.
Bistrica-Paljevina pistrica-Mugak
Bistrica-Paljevinde prata
%asidoli ~ Grahov dol
Sistrica
ratko vrelo

2.
Dazaric

Kradenik Qavna vala

—— BORDER
@ Cirsium greimleri ex Cirsium waldsteinii
©  Cirsium rivulare
@ Cirsium erisithales

Selected Areas for Field Research according to Supplement Table 1:
1. Overlapping niches of all three investigated taxa (suggesting potential sympatry)
2.C. greimleri in allopatry

Figure 2. Distribution of the investigated
Cirsium species in Bosnia and Herzegovina

Karta 2. Distribucija istraZivanih Cirsium vrsta
na podrudju Bosne i Hercegovine

C. greimleri in Bosnia and Herzegovina has been recor-
ded at 40, C. rivulare at 13, and C. erisithales at |15 sites
(Figure 2). C. greimleri preferences for moist slopes of
forested valleys and shaded forest roads (Bures et al.
2018) occasionally overlap with C. rivulare and C. erisitha-
les habitats ranging from moderate elevation foothills to
mid-level mountainous areas with preferences for mo-
ist environments (Gaji¢, 1975; Bjelci¢ et al., 1983). Nic-
he-overlapping that includes preferences for high moi-
sture content in the air and soil in habitats such as forest
hydrophilous fringe communities might explain why the-
se species are frequently found in sympatric populations.

According to the Figure 2, two areas were selected:
one with an allopatric population of C. greimleri,and the
other with sympatric populations of all three analysed
species. Field research confirmed the presence of the
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C. greimleri allopatric population at the Ravna Vala site
(Table 1, Figure 2). The individuals from the populati-
on Ravna Vala exhibited uniform leaf and flower mor-
phology. In three Jahorina Mt. localities C. greimleri in-
dividuals showed significantly different morphological
features compared to the Bures et al. (2018) diagnosis.
Namely, individuals with very variable leaf blade shapes:
from narrower and less deeply lobed to deeply lobed
median cauline leaves, were discovered in these popu-
lations (Figure 3).

Figure 3. Cirsium greimleri on A) Ilgman Mt.Al: Individual in
allopatric population. A2: Leaf morphology; B) Jahorina Mt. Bl:
Individuals in sympatric population. B2a-B2d: Leaf morphology

variations.

Slika 3. Cirsium greimleri na planini A) Igman.Al: Individua u
alopatricnoj populaciji.A2: Izgled lista; B) Jahorini. BI: Indvidue u
simpatricnoj populaciji. B2a-B2d:Varijacije u morfologiji lista.

A more detailed analysis of the herbarium C. greimleri
specimens from SARA, labelled as C. waldsteinii, revealed
that some specimens have uncommon leaf morpholo-
gical features, particularly in upper and medium cauli-
ne leaves as we found in studied sympatric populations.
Unfortunately, flower colour, the stable taxonomic fea-
ture in genus Cirsium (Wagenitz, 1987;Yildiz et al., 201 6;
Bures et al.,, 2018), could not be determined due to the
long storage of these exsiccates. The observed morp-
hological variability is most likely a consequence of the

presence of a hybrid species of C. greimleri as one of
the parents. Namely, Cirsium species, particularly those
from the type’s section, frequently hybridise (Wagenitz
1987; Bures et al., 2004, 2010; Stohr 2006; Segarra-Mo-
ragues et al., 2007) and C. greimleri is the most common
among them with a significant frequency of hybrids in
natural populations compared to the “pure” individuals
(Bures et al., 2018). Obtained predictive modelling re-
sults for C. greimleri and distribution map (Figures | and
2) of its most common possible hybridisation partners
(C. erisithales and C. rivulare; Heimerl, 1884; Fritsch, 1906;
Khek, 1908; Benz, 1922; Leute & Zeitler, 1967; Bures et
al.,, 2018) are used for highlighting of potential sympatric
populations in B&H.

The appearance of sympatry further complicates the
determination of the species C. greimleri and the asse-
ssment of its distribution. This is especially evident in
localities such as Jahorina, Treskavica and Zvijezda Mts.
The results of the predictive analysis have confirmed
the actual distribution of the studied species. This met-
hodology is justified for investigating complex ecologi-
cal interactions in vivo.

Genome size

The nuclear DNA amount values for all analysed indi-
viduals varied in the range from 1.72 to 2.25 pg (Table
2), which corresponds to the diploid ploidy level. The
genome size in all populations, except in Bistrica-Palje-
vina, was uniform. In the mentioned population, two si-
gnificantly different genome size values were observed
(1.76-1.82 pg and 2.22-2.25 pg). Individuals from Bistri-
ca-Paljevina with higher genome size values had similar
leaf morphology and ruby red capitulum as individuals
from the allopatric C. greimleri population (marked with
grey) which is in accordance with Bures et al. (2018)
diagnosis. In all other cases, individuals with lower 2C
values showed great variability in leaf blade shapes (Fi-
gure 3).

According to Bures et al. (2018), genome size values for
C. greimleri vary from 1.87 to 2.17 pg whereas 2C valu-
es of Bosnian samples varied from 1.88 to 1.98 pg.The
obtained finding of the range of genome size variation
in this study is wider than the stated results in Bures
et al. (2018). Additionally, our results suggest that the
mean 2C value in the allopatric population of C. greimle-
ri (2.18 pg; Ravna Vala) is higher than the highest value
reported by Bures et al. (2018) joined the species. Ba-
sed on the results presented in Table 2, Figures 2 and 3,
it is possible to infer that individuals with variable leaf
morphology and lower nuclear DNA values may be the
offspring of sympatric hybridisation.

OF THE FACULTY OF FORESTRY
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Table 2.The nuclear DNA amount values for Cirsium greimleri populations
(individuals with uniform morphological features in gray)

Tabela 2.Vrijednosti nuklearne DNK za populacije Cirsium greimleri (individue sa
ujednacenim morfoloskim karakteristikama su oznacene sivom bojom)

Locality Sample

2C (pg)

2C (pg)tSD | CV%

IC (pg) | 1C (Mpb)

2.23

2.22

2.24+0.01 0.65 1.12 1,095

Jahorina Mt., 2.25

Bistrica-Paljevina 1.82

1.8

1.80+0.04 2.00 0.90 1,760

1.76

2.19

2.14

Igman Mt., RavnaVala 2.15

2.18+0.04 1.82 1.09 2,132

2.17

2.24

1.83

1.77

Jahorina Mt., | 82

1.80+0.02 [.35 0.90 1,760

Bistrica-Musak | 80

1.80

1.78

1.84

1.72

Jahorina Mt., Grahov Dol |82

[.79+0.05 2.65 0.90 1,751

1.83

NN AWN—URARWDN—URAWDND—OUDANWDND —

1.76

During the hybridisation process, as rapid genomic
changes, the gain or loss of DNA is commonly evident.
Among the genera with a high hybridisation rate is the
genus Cirsium, within which C. greimleri is characterized
by a particular “interspecific promiscuity” (Bures et al.,
2018).The hybridisation often leads to the genetic ero-
sion of the species and the loss of one of the hybrid pa-
rents in sympatric populations, which is a possible case
in this study.

CONCLUSION - Zaklju¢ak

This study confirms the findings of Bures et al. (2018),
who determined the presence of C. greimleri in Bosnia
and Herzegovina at the investigated localities. This spe-
cies in B&H predominantly occurs in sympatric popu-
lations with related species, as was also observed in
this study. The consequence of the above is challenging
taxonomic differentiation of the genus. The study also
demonstrated that the MaxEnt model yields reliable re-
sults even with limited samples. Therefore, predictive
modelling can be utilized to study sympatric populati-
ons, which can improve the efficiency of fieldwork.
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Supplement Table |. Distribution of Cirsium greimleri (ex C. waldsteinii), C. erisithales and C. rivulare in Bosnia and Herzegovina

Dodatna Tabela . Distribucija vrsta Cirsium greimleri (ex C. waldsteinii), C. erisithales i C. rivulare u Bosni i Hercegovini

Locality

Species

Literature data, SARA’s herbarium specimens and field investigation

Vranica Mt.

C. greimleri

Above Tocila, 1.320 m, beech and conifer forest (Barudanovi¢, 2003); Estuary of the
Pozarna, Mt.Vranica, |.140 m, beech and conifer forest (Barudanovi¢, 2003); Donja
Bistrica, 610 m, mountain beech forest (Barudanovi¢, 2003);Vrtace, 980 m, mounta-

in beech forest (Barudanovi¢, 2003); Estuary of the Pozarna, 1.090 m, mountain beech
forest (Barudanovi¢, 2003); Estuary of the Pozarna, 950 m, mountain beech forest
(Barudanovi¢, 2003); Above Kaéuni, 430 m, Ulmo-Aceretum, forest with Symphyandra
hofmannii (Barudanovi¢, 2003); Stream Zavol, 1.190 m, hygrophilous forest (Barudano-
vi¢, 2003); Above Jezernica, |.160 m, hygrophilous forest (Barudanovi¢, 2003); Turko-
vici-Klisure, 1.160 m, hygrophilous forest (Barudanovi¢, 2003); Borovnica stream, 870
m, hygrophilous forest (Barudanovi¢, 2003); Zelena Gromila, 1.750 m, Agrosti-Alnetum
viridis (Bug, 2004); Strazica, 1.700 m, Athyrio-Alnetum viridis (Bug, 2004); Zelena Gromila,
1.660 m, Alnetum viridis (Bug, 2004); Banjaluk, 1.600 m, Alnetum viridis (Bug, 2004);
Bukov vrat, |.545 m, Salicetum waldsteinianae (Bug, 2004); Coso, 1.830 m, Pinetum mugi
calciolum (Pug, 2004); Podine, 1.870 m, Pinetum mugi calciolum (Pug, 2004); Nadkrstac,
2.105 m, Pinetum mugi calciolum (Bug, 2004).

Jahorina Mt.

C. greimleri

Kasidol, 1.360 m, ex Maly, 1903, SARA 43 791; Bistrica, Ravna planina in Pale, 1.250 m,
ex Maly, 1907, SARA 43 792; In the forest near Pracko river spring, 1.460 m, Abietum
albae, ex Maly, 1921, SARA 43 787; Bistrica-Paljevina, 1.454 m, N-NW, Muratovi¢ & Pu-
stahija, 2022; Bistrica-Musak, 1.460 m, Muratovi¢ & Pustahija, 2022; Grahov Dol, 1.478
m, Muratovi¢ & Pustahija, 2023.

C.rivulare

In wet bushes, 840 m, ex Maly, 1919. SARA 43 801; ex Fiala, 1895. SARA 43 803; In the
wet meadows near Pale, ex Maly, 193 1. SARA 43 807.

C. erisithales

Ravna planina towards Bistrica, 1.320 m, ex Maly, 1933. SARA 43 719.

Bjelasnica Mt.

C. greimleri

Babin Do, 1.260 m, ex Maly, 1906. SARA 43 788.

C. erisithales

Hranisava, above Kradenik river spring, [.000 m, ex Ritter, 1935. SARA 43 713;Along
the stream, below Javornik spring, ex Bjelci¢, 1950. SARA 43 714.

Pazari¢

C. greimleri

Zovik near Pazari¢, 1.300 m, ex Ritter, 1935. SARA 43 794.

Treskavica Mt.

Cirsium greimleri

Turovi, towards Kazani (Zeljeznica river), |.218 m, Traki¢, 2023 (personal
communication).

C.rivulare

Bara above Gvozno, 1.430 m, Trollio-Juncetum, Misi¢, 1984;Veliko jezero, ex Popovic,
1952. SARA 43 799;Veliko jezero, 1.550 m, ex Maly, [911. SARA 43 808.

C. greimleri

Han Jezero, 1.200 m, ex Maly, 1908. SARA 43 782; In the valley Babin potok towards

OzrenMt. Han Toplica, 1.170 m, ex Maly, 1919. SARA 43 783.
C. rivulare On meadows between Han Jezero and Han Toplice, 1.270 m, ex Maly, 1922. SARA 43 796.
C. oreimleri Gujni Do, 1885. SARA 43 790; Above Paklarevo, Gujni do, Koricani, ex Brandis, 1884.
Vlasi¢ Mt. -8 SARA 43 780; Above Paklarevo, Gujni do, Kori¢ani, ex Brandis, 1885. SARA 43 780.

C.rivulare

Guijni do, 1885. SARA 43 802.

Zvijezda Mt.

C. greimleri

Bukovacki spring,Vares, Sari¢, 201 |; Pogar near Vares, Sari¢, 2014, 2016, 2020.

C. erisithales

In Bobovac, ex Plavsi¢, 1940. SARA 43 718.

Zelengora Mt.

C. greimleri

In the valley Stabrovaca on Mt. Husad and Ravna gora towards Jelasc¢a, 1.380 m, ex
Maly, 193 1. SARA 43 786.

C.rivulare Konjska voda towards Jelasca, 1.400 m, ex Maly, 193 1. SARA 43 797.
Hrbljina Mt. C. greimleri In Glamog, ex Santorius, 1897. SARA 43 789.
Vucija Mt. C. greimleri Towards Nemila, Javorak, [.400 m, ex Maly, 1913. SARA 43 784.
Igman Mt. C.greimleri Ravna Vala, 1.257 m, Muratovi¢ & Pustahija, 2022.

Mehoric village

C. greimleri

Mehori¢ near Kakanj, Sari¢, 2017.

Borika

C.rivulare

Towards Oprasici (distr. Rogatica), 950 m, ex Maly, 193 1. SARA 43 806.

Podzeplje

C.rivulare

On wet meadows near Podzeplje (near Rogatica), 950 m, ex Maly, 1923. SARA 43 805.
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Literature data, SARA’s herbarium specimens and field investigation

Kupresko polje C. rivulare

ex Lazeti¢, 1958. SARA 43 804.

Glamocko polje C.rivulare

On marshy meadows, ex Ritter; 1954. SARA 43 798.

Trebevi¢ Mt.

C. erisithales

Alpinetum, ex Sili¢, 1959. SARA 50 005; Dovlici, 1.560 m, ex Maly, 1924. SARA 43 722;
1.560 m, ex Maly, 1937. SARA 43 724.

In Petrovac, ex Fiala, 1891.SARA 43 709; Drini¢ in Petrovac, ex Fiala, 1891. SARA 43

Klekovata Me. | C.erisithales 716; In Petrovac, ex Fiala, 1891. SARA 43 717.

Praca C. erisithales Banja stijena, 570 m, ex Maly, 1909. SARA 43 711.

Kamenica Mt. C. erisithales In the valley Gostovic river, 350 m, ex Maly, 1920. SARA 43 712.
Osjecenica Mt. C. erisithales In Petrovac, 1.800 m, ex Fiala, 1891. SARA 43 721.

Jajce C. erisithales Vrbas canyon near Jajce, ex Maly, 1908. SARA 43 726.

Kamesnica Mt. C. erisithales

Pre-mountain beech forest, Kusan, 1956.

SAZETAK

Prema najnovijim podacima, Dinaride i Isto¢ne Alpe naseljava endemicna, diploidna, novoopisana vrsta Cirsium
greimleri umjesto, do sada navodene, tetraploidne C. waldsteinii. Ova studija, koristeci podatke iz literature, her-
barijske zbirke SARA i terenskih istrazivanja, potvrdila je prisustvo vrste C. greimleri u Bosni i Hercegovini na
40 lokaliteta. Upotrebom MaxEnt modela i GIS alata izradena je karta rasprostranjenosti i ekoloskih nisa za
novu bh. vrstu, pri éemu su kljucni faktori za njenu distribuciju identificirani kao srednja temperatura najvlaz-
nijeg i najsusnijeg kvartala te koli¢ina padavina. Model je pokazao visoku taénost (AUC vrijednost 0.970), Sto
ukazuje na sposobnost preciznog razlikovanja podrucja sa i bez prisustva vrste. Pored toga, model je ukazao
na prisustvo vrsta sa kojima C. greimleri Cesto hibridizira (C. rivulare i C. erisithales) na vise lokaliteta. Terenskim
istrazivanjima je potvrdeno prisustvo diploidnih populacija istrazivane vrste s rasponom variranja nuklearne
veli¢ine genoma od 1.72 do 2.25 pg. Takoder, na osnovu prezentiranog prediktivnog modela izvrsena je pro-
vjera odabranih lokaliteta na kojima C. greimleri koegzistira sa C. rivulare i C. erisithales. Tako je na lokalitetu Bi-
strica-Paljevina uocena populacija u kojoj su individue imale znacajno iskazanu morfolosku varijabilnost, sto je
i odgovaralo dvjema vrijednostima veli¢ine genoma (1.76-1.82 pg i 2.22-2.25 pg). Ova studija ukazuje na po-
trebe daljih istrazivanja problema simpatrije C. greimleri i njenih srodnika te neophodnu taksonomsku reviziju
ovog kompleksa.
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