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The Ranunculus auricomus L. complex
(Ranunculaceae) in Croatia

FRANZ G. DUNKEL’

Zusammenfassung: In einer vorliufigen Ubersicht des Ranunculus auricomus-Komplexes in Kroatien
werden 24 Arten vorgestellt. Neu fiir Kroatien sind Nachweise von R. cassubicifolius W.KocH und R.
poldinioides DUNKEL. Insgesamt werden 18 Arten als neu fiir die Wissenschaft beschrieben und abgebildet,
darunter die als Diploide besonders bemerkenswerten R. mutilicensis und R. slavonianus, sowie weiter

R. albimonasterius, R. baranjanus, R. croaticola, R. divisior, R. dobranus, R. dravus, R. gradiscanus,

R. istriacoides, R. marinianaénsis, R. plitvicensis, R. posavinanus, R. rondocroaticus, R. schlosseri, R.
slavopontinus, R. turopoljensis, und R. velebiticus.

Abstract: In this article, 24 species of the Ranunculus auricomus complex of Croatia are presented. New
indications for Croatia include R. cassubicifolius W.KocH and R. poldinioides DUNKEL. In total 18 species are
described as new to science among them the two diploids R. mutilicensis DUNKEL and R. slavonianus DUNKEL
being of special interest and the polyploids R. albimonasterius, R. baranjanus, R. croaticola, R. divisior, R.
dobranus, R. dravus, R. gradiscanus, R. istriacoides, R. marinianaénsis, R. plitvicensis, R. posavinanus, R.
rondocroaticus, R. schlosseri, R. slavopontinus, R. turopoljensis, and R. velebiticus.

Key words: Ranunculus auricomus, Ranunculus cassubicus, Croatia, new species, taxonomy.

1 INTRODUCTION

The Ranunculus auricomus complex including R. cassubi-
cus L. s.1. includes more than 850 species occurring at Central,
Northern and Eastern Europe. At all edges of the distribution
area, the populations get fewer and more scattered, and the di-
versity decreases (DUNKEL 2015, 2019, 2021, EricssoN 2001,
GRrAU 1974, MELZHEIMER & HORANDL 2022). Only one taxon

grows in Iceland (Ericsson 2001). Portugal on the western edge
and Turkey on the eastern one are free of the Ranunculus auri-
comus complex.

The taxa of the Ranunculus auricomus complex belong to
groups that are difficult to distinguish both morphologically and
genetically and are known as taxonomically complex groups.
The reasons are intricate evolutionary processes comprising pre-
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dominantly hybridization, allopolyploidy and post-origin evo-
lution (KARBSTEIN & al. 2022, HODAC & al. 2023). Furthermore,
epigenetic changes may explain some difficulties in unraveling
genetic relationships (HORANDL 2022). In the Ranunculus auri-
comus complex, even prehension of morphology and determina-
tion is difficult due to the basal leaf cycle. All leaves of the cycle
are almost never present at a single plant. Therefore, a careful
examination is necessary which usually needs several plants.
This should not be misinterepreted as morphological variability
(HORANDL & GUTERMANN 1995).

In the last decades, genetic information has been accumu-
lated for the European R. auricomus complex (KARBSTEIN & al.
2022, for overview see MELZHEIMER & HORANDL 2022). It has
been confirmed that morphological shape is mainly associated
with the subgenomic composition of the allopolyploids and
overall genomic differentiation, and almost not with abiotic en-
vironmental conditions (HODAC & al. 2023). However, the reti-
culate pattern of evolution hampers unraveling of phylogeny and
relationships, not only in the R. auricomus complex (SOCHOR &
al. 2015). Maybe in the future, some artificial intelligence can
help to identify new species, and agreement of the species con-
cept can be reached (KARBSTEIN & al. 2024).

Cytologically with the exception of R. cassubicifolius
W.KocH — belonging to the R. cassubicus collective group
(HORANDL & GUTERMANN 1998, MAJESKY & al. 2017) —, almost
all species of Central Europe are tetraploid and apomictic (DUN-
KEL & al. 2018, HAFLIGER 1943, MELZHEIMER & HORANDL 2022).
Only four diploid species have been recorded from outside the
former Yugoslavia: R. envalirensis GRAU (France and Spain), R.
cebennensis DUNKEL (France), R. notabilis HORANDL & GUTER-
MANN (Austria), and R. flabellifolius HEUFF. EX RCHB. (Romania
and Serbia). However recently, further morphologically and eco-
logically well-differentiated diploid species have been found in
Slovenia: R. austroslovenicus DUNKEL, R. glechomus DUNKEL,
R. mediocompositus DUNKEL, R. peracris DUNKEL, R. subcar-
niolicus DUNKEL, and R. vinicae DUNKEL. The findings of diplo-
id R. calapius DUNKEL in Croatia (DUNKEL & al. 2018), and R.
vinicae in Slovenia near to the Slovenian-Croatian border seem
to make the region of Croatia to an interesting field for further
studies. In addition, literature about this complex in Croatia is
scarce and seems to be restricted to historical records of R. auri-
comus and R. cassubicus by SCHLOSSER & VUKOTINOVIC (1869)
and DEGEN (1937). The largest national collection of Croatian
plants, located at the Herbarium of the University of Zagreb, De-
partment of Biology (ZA), houses no more than about 30 speci-
mens of the Ranunculus auricomus complex and relevant online
ressources such as the JACQ consortiuMm (2004 ff.) and GBIF.
ORG (2024) had no records included. Thus a more detailed ex-
amination based on extensive field work and with special respect
for diploid species seems logical. While a modern critical Flora
of Croatia is still lacking, the Flora Croatica Database (NIKOLIC
2015) was a helpful tool for investigations and field research.

2 MATERIAL AND METHODS

Samples collected in Croatia during nine excursions (of se-
veral days’ duration each) starting in 2015 were studied. Alto-
gether, 69 populations of the Ranunculus auricomus complex
were collected in the northern and western parts of Croatia.

Additionally, specimens from the following herbaria could
be examined: Ljubljana (LJU), Munich (M), Wien (W), Zagreb
(ZA and ZAHO), and the private herbarium of F.G. Dunkel
(Du). Official herbarium acronyms here and elsewhere follow
THIERS (2024).

In the text, the following abbreviations are used: Hb. = her-
barium, vs. = versus, n = north, s = south, no = northeast etc.

To stay consistent with previous treatments of the group the
most important characters for each species have been compiled
in a data sheet (Figs. 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27, 30, 32, 34, 36 & 38). A standard sheet includes: the basal
leaf sequence from the initial leaves (normally no. 1 and 2), the
spring leaves evolving during flower period (no. 3-5), and the
final leaves developing during period of fructification (no 6-7).
The cycle is illustrated in vertical rows, from top to bottom. The
small Arabic letters next to each basal leaf term the individuum
of a population. Furthermore, the lowermost cauline or stem leaf
with its specific number and form of segments is characteristic.
Values of the largest segment are indicated in the description. In
all diploid (and sexual) species, the flowers consist of five (ra-
rely 6-7) well developed petals. Finally, the form and hairiness
of the receptacle is illustrated at the bottom of the right column
of the data sheet.

Since the characters have been explained several times
(HORANDL & GUTERMANN 1998a, DUNKEL 2005, 2010, 2014), a
description can be omitted. In the following text, it is necessary
to be familiar with the special terminology and definitions used
in the complex (cataphyll; length of basal leaf; main, first, se-
cond, third etc. lateral incision; degree of incision: lobed, cleft,
divided, dissected, receptacle, carpellophore). Note that only the
definition of the length of a basal leaf has changed recently. It
is now defined as the complete length, not only from the basic
point to the tip (see Fig. 1 in DUNKEL 2024: 22).

Pollen quality has been determined by carmine acetic stai-
ning according to HORANDL & al. (1997). About two hundred
pollen grains per specimen were investigated.

All holotype specimens are deposited in ZA; isotypes and
further specimens are found in public herbaria as well as in the
private herbarium of F.G. Dunkel (Du; collection number and
herbarium number are identical). All specimens illustrated are of
Croatian origin (Figs. 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28,29, 31, 33,35,37 & 39).

The geographical reference was given by coordinates and
defined grid fields in the form of quadrants of topographic maps.
A quadrant encompasses a latitude of 3” and a longitude of 5’
and refers to the number of the official topographic maps of Ger-
many with extrapolation to adjacent countries. This reference
system is widely used in Central Europe for floristic purposes
(e.g. JoGan 2001).

Fresh leaves from available cultivated plants were used for
flow cytometric ploidy estimation using the standard two-step

STAPFIA: reports



DUNKEL * Ranunculus auricomus in Croatia

STAPFIA 118 (2024): 1-68

16° 17° 18° 19°

N

14° 15°
46°
w‘/ﬂ\@wggh.
ox

45°
44° \
43°

@ Tetraploids

CDiploids

»\f\
.%%
f\ f“” haea i

&

=

i;“?

iy

A

(

/\\

Fig. 1 — Distribution map of the collection sites of the Ranunculus auricomus complex.

Otto protocol (OTTO 1990; DOLEZEL & al. 2007) and Pisum sati-
vum L. cv. Ctirad (DOLEZEL & al. 1998) as the internal standard
(PAULE & al. 2018). Flow cytometric ploidy estimations (DNA-
ploidy; Supa & al. 2006) were calibrated using a chromosome
count of an individual Du-30442.

3 RESULTS

In the northern and western parts of Croatia, the author
could find rich populations and an unexpected number of spe-
cies: altogether 24 ones, eighteen new to science. The species
number is almost comparable to the recent findings for Slovenia
and for the much larger Italy, with 25 and 28 taxa, respectively
(DunkeL 2010, 2011, 2019, ConTI & BArRTOLUCCI 2017).

Tetraploid and diploid populations were indicated separately.)

The southern edge of the distribution arcas was reached at
the Lika region, north to Obravac. From Zadar to Dubrovnik
Ranunculus auricomus is lacking (Fig. 1). One species, R. vele-
biticus sp. nov., settles at the subalpine level around 1400 m.
Both populations collected in the 19" century and mentioned by
DEGEN (1937) still exist. Another indication at subalpine level at
the Snjeznik (Krainer Schneeberg) by HorvaTH (1930) proved to
be wrong; he took R. hybridus BIR1A for R. cassubicus L. Some
results concerning diploid sexual taxa have been previously pu-
blished (DUNKEL & al. 2018).

In 26 of the collected 69 populations, the DNA content could
be determined at the Senckenberg Research Institute, Frankfurt,
by T. Gregor and J. Paule. Due to the results of the DNA content
per cell, in twelve of these 26 a diploid chromosome set can be
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assumed (see Tab. 1). Six of 24 species contain a DNA content
arguing for diploidy, i.e. 25% of the species are diploid. Some
populations assigned to a diploid species have not been analysed,
but assuming homogeneity of ploidy level within a species 23 of
the 69 populations represent diploids. This means a third or, in
number, 33.3% of all populations are diploid. Keeping in mind,
that almost all countries of Western and Central Europe harbour
only one or two diploid taxa with few occurrences, this result
signifies the highest portion of diploid populations in a single
country.

4 DISCUSSION

The morphotypes here treated as species may represent do-
minant apomictic clones. In situ, they are stable and traceable for
decades. For instance, the Austrian R. sarntheinianus DUNKEL
had been collected in 1884 and is still present (DUNKEL 2020).
Regarding the treated geographic area of the article, R. velebi-
ticus sp. nov. was collected as R. fallax by L. Rossi already in
1896, is still growing at that locality in a subalpine meadow and
is described and named here.

Of course, at the edge of distribution, e.g. here at the sou-
theastern one, genetic exchange is less probable and stable po-
pulations exist. BRADICAN (2023, 2024) demonstrated that with
a tiny exception all Spanish populations and almost all circu-
marctic populations of the R. auricomus complex are obligate
apomicts. This is in accordance with our findings of morpholo-
gically stable and discriminable populations in Croatia.

In Central Europe, in the distribution centre of the complex,
different ecological preferences may be characteristic of certain
species: taxa of humid meadows are almost never found in forest
alliances and vice versa. In Southern Europe during the Mediter-
ranean summer, dryness puts high stress on populations. Charac-
teristically, at colline or montane level they grow in shady forest
alliances and only at higher altitude in sun exposed meadows. In
Croatia, R. mutilicensis represents the only species in a humid
meadow at rather low level (690 m). This strongly indicates that
ecological niche as obviously less suitable for differentiation of
the group in Southeastern Europe.

Hybridization and polyploidization is a common phenome-
non in the evolution of plants and also in apomictic taxa. Regar-
ding the evolutionary origin of apomictic taxa it is important to
know if they arose from interspecific crosses (through allopo-
lyploidization) and thus combine the genomes of two or more
species, or if they originated via autopolyploidization. With
the exception of a tetraploid population of R. cassubicifolius in
Austria, all investigated populations are of allopolyploid origin
(HORANDL & GREILHUBER 2002). This favours description of the
morphotypes as species (MAJESKY &al. 2017).

The treatment of taxa as nothospecies in the R. auricomus
complex as suggested by KARBSTEIN & al. in 2020 is debatable
for the following reasons:

* hybridization has been evaluated as one mechanism of spe-
ciation, it is by no means the only one.

e hybridization events, i.e. combination of genomes of at
least two species, could not be confirmed for all taxa of

the complex, e.g. R. baldensis (DUNKEL 2010, BRADICAN
2023).

+ following hybridization important mechanisms of “post-
origin evolution” and possible epigentic changes exist
(KARBSTEIN & al. 2022, HORANDL 2022).

» almost all species at the edge of the distribution range are
obligate apomicts (BRADICAN 2023, 2024).

e in situ hybrid swarms of different morphotypes never exist,
they “behave” as species. For Croatia, co-occurence of two
or more species at one site was found in less than 5% of
the cases.

Other taxonomically complex groups with similar genetic
background (allopolyploiy), e.g. genus Rubus and Hieracium,
are much better examined (morphologically) for historical re-
asons and almost always gained the interests of field botanists.
Regarding the brambles of the Higher Middle Mountains (Midd-
le Rhine Highlands, Black Forest, Vosges, Bavarian Forest, Su-
detes) and Alps, still in 1995 H.E. Weber stated that most of the
populations produce populations consisting of innumerable and
undeterminable heteromorphic individuals (WEBER 1995: 294).
Meanwhile, intensive research demonstrated that by all means
reproducible species occur at these regions (HASSLER 2023). In-
dependently from the genetic background, they are all treated at
a species level in modern floras (GoTTscHLICH 2020, HASSLER
2023, TisoN & Foucaurr 2014). Consequently, in the Ranuncu-
lus auricomus complex, taxa here are treated as species, too, and
definition of characters and depiction still follow HORANDL &
GUTERMANN (1998a) and DUNKEL (2005). The high percentage
of diploid populations in the Ranunculus auricomus complex of
Croatia is worth mentioning (Fig. 1). HORANDL and coauthors
(2000, 2004) postulated Ranunculus notabilis to be a progenitor
species of the complex. Our data argue for a centre of evolu-
tionary origin rather in the southeastern parts of Europe than in
Styria with very scattered occurences of R. notabilis. This needs
to be investigated by further genetic studies.

5 PROSPECT OF THE SPECIES

Much information on the genus Ranunculus has been re-
cently gained (PAUN & al. 2005, HOrRANDL & al., 2005, 2009,
EMADZADE & al. 2010, Hopa¢ & al. 2014, HOJSGAARD &
HORANDL 2019, BRADICAN & al. 2023); however, little is known
about phylogenetic relationships and the evolution of the micro-
species of the Ranunculus auricomus complex.

Although a uniform procedure for all apomictic complexes
is desirable, the Ranunculus auricomus complex is still classi-
fied by means of informal groups (BorRCHERS-KOLB 1983, 1985;
HORANDL & GUTERMANN 1998a, DUNKEL 2014). They are still
speculative, based on morphology only and rather represent
mnemonic help than monophyletic lineages. Some diploid spe-
cies of Slovenia and Croatia, e.g. R. austroslovenicus and R. per-
arcris DUNKEL packed in one lineage by Karbstein & al. (2022)
and Horandl (2022), are morphologically different to such extent
that they could not be readily placed in one common group. On
the other hand, R. dobranus sp. nov. is similar to R. austroslove-
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nicus and probably a descendant of it. Hence, it should be placed
into the same group.

In the present work, species are ordered in the traditional
way: groups with undivided basal leaves first, with more divi-
ded ones later and at the end. Within the groups the species are
placed alphabetically.

5.1 Ranunculus cassubicus collective
group
5.1.1 Ranunculus cassubifolius

5.2.7 Ranunculus austroslovenicus

5.2 Ranunculus auricomus collective
group
5.2.a Ranunculus biformis group

5.2.9 Ranunculus dobranus

5.2.1 Ranunculus baranjanus
5.2.2 Ranunculus marinianaénsis
5.2.3 Ranunculus rondocroaticus

5.2.12 Ranunculus dravus

5.2.b Ranunculus subtatricus group

5.2.4 Ranunculus istriacoides
5.2.5 Ranunculus istriacus

5.2.c Ranunculus marsicus group

5.1.1 Ranunculus cassubicifolius W.KocH, Ber.
Schweizer Bot. Gesellschaft 49: 553, 1939.

Lectotype (designated by DUNKEL in Webbia 65: 183):
Switzerland, Kt. Solothurn, ,,Wald &stlich Erlenmoos SE Re-
cherswil ldngs eines Baches am Waldrand, ca. 465 m, 03 May
1938, W. Koch 38/56, ZT. — Fig. 2, Tab. 1 in DUNKEL (2010).

Pollen quality — 99% well developed (Torlano, close to
Robic¢, Du-15980; DuNKEL 2010).

DNA-Ploidy — 2x (Breganica Valley, Du-34897; PAULE &
al. 2018, DUNKEL 2019).

Chromosome number — 2n = 16 (HAFLINGER 1943).

Distribution — Swiss Jura, northern prealps and foreland
of Germany and Austria, Carnic Alps of Italy, and adjacent
Slovenia, Kamnik-Savinja Alps, Slovenian Prealps, castwards
reaching Hungary and Croatia near to the Slovenian-Croation
border at Kumrovec and close to Samobor.

Ecology — along brooks and streams in alder and floodplain
forests at colline to mountainous level, 190-300 m.

Etymology — large undivided basal leaves remind to R. cas-
subicus L.

Vulnerability — the populations of R. cassubicifolius are at
the outmost southeastern edge of the distribution area. In the past
few decades, there were only three known populations (PAVLETIC
1994). Solely the population at Breganica Valley could be con-
firmed. In 1993, Z. Pavleti¢ visited the population at the foot of
Somobrosko Gorje and stated that the locality along the stream
Gradna “has been seemingly destroyed by construction activities
in this presently suburban part of Samobor” (PAVLETIC 1994).

5.2.6 Ranunculus mutilicensis

5.2.d Ranunculus notabilis group

5.2.8 Ranunculus calapius

5.2.e Ranunculus croaticola group

5.2.13 Ranunculus slavonianus
5.2.14 Ranunculus slavopontinus
5.2.15 Ranunculus posavinanus
5.2.16 Ranunculus turopoljensis

Several attempts failed to find R. cassubicifolius at the black al-
der forest “on the left side of the road a few kilometers before
Kumrovec, when coming from the direction of Tuheljske To-
plice” (PAVLETIC 1994). R. cassubicifolius has to be regarded as
“highly vulnerable” in Croatia.

5.2.f Ranunculus puberulus group

5.2.17 Ranunculus gradiscanus
5.2.18 Ranunculus poldinioides

5.2.g Ranunculus stricticaulis group

5.2.19 Ranunculus plitvicensis

5.2.10 Ranunculus subcarniolicus

5.2.h Ranunculus argoviensis group
5.2.20 Ranunculus divisior

5.2.11 Ranunculus croaticola

5.2.i Ranunculus schlosseri group

5.2.21 Ranunculus schlosseri
5.2.22 Ranunculus velebiticus

5.2.j Ranunculus indecorus group

5.2.23 Ranunculus albimonasterius

Taxonomy — the populations in the surroundings of Zagreb
at the foot of Zumberac¢ko and Samobrosko Gorje definitely be-
long to R. cassubicifolius. Whereas undivided basal leaves are
representative for the whole R. cassubicus group, large flowers
with up to seven petals (Fig. 1) and the irregular cauline leaf
segments are evidence of R. cassubicifolius. Beyond that, by
flow cytometry the diploid chromosome number was confirmed
for the population of Breganica Valley. R. cassubicifolius occurs
scatteredly in adjacent Slovenia (DUNKEL 2019). Its finding in
Croatia is not a real surprise.

Specimens seen — Croatia, Zagreb County, 10159.4: Sa-
moborsko gorje, potok Breganica, WL 47, 225 m, 45°48°04”°N
15°38°09”E, Suma uz potok, 24 Apr 2003, M. Vrbek & S. Bez-
jak, ZA; Bregana, Breganica Valley 1,08 km ssw s.u. Grdanjci,
direkt am Bach, dicht bewachsenes Steilufer uner Laubbaumen,
202 m, 45°48’56N 15°38°34,9”E, 09 Apr 2017, F.G. Dunkel,
Du-34897; ibidem, Breganica Valley 1,72 km ssw Grdanjci,
45°48°35”°N 15°38°39”E, 226 m, Uferbereich, Bachauenwald,
Erlenbruch, 09 Apr 2017, F.G. Dunkel, Du-34899; 10260.1: Sa-
mobrosko gorje, uz potok Gradna, leg. 24 Apr 1971, 1. Sugar,
det. I. Trinasti¢, ZA(2 specimens); 10062.3: [Zagreb, Maksimir, |
in silvis ad Jurja Ves prope Zagrabiam, leg. J.C. Schlosser, ZA-
98 (2 specimens).

Literature — Croatia, Zagreb County, 09960.1: Kumrovec,
in Hrvatsko Zagorje, in a humid black alder forest on the left
side of the road a few kilometers before Kumrovec, when co-
ming from the direction of Tuheljske Toplice humid forest soil,
leg. J. Trinajsti¢, 1968, Hb. J. Trinajsti¢; 10259.2: Breganica val-
ley at the foot of Zumberacko Gorje (PAVLETIC 1994).
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Fig. 2 — Specimen of Ranunculus cassubicifolius (Du-34897-1).
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5.2 Ranunculus auricomus collective group
5.2.a Ranunculus biformis group (Fig. 40)

5.2.1 Ranunculus baranjanus DUNKEL Sp. nov.

Holotype: Croatia, Slavonia, Osijek-Baranja County,
10379.1, Tikves, 250 m so Schloss Tikves, Eichen-Hainbuchen-
Wald [oak hornbeam forest], 87 m, 45°40°12“N 18°50°50“E,
12 Apr 2019, F.G. Dunkel 36633 & S. Ozimec, ZA; isotypes
GOET, Du-36633. — Figs. 3, 4 & 40, Tab. 1.

Description — Flowering shoot gracile to slim, 16-40 cm
tall, scape 1.2-2.5 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to patent
(15-65°), flowers 1-3(4), enrichment shoots 0—1; basal leaves
2-5 per rosette.

Basal leaf cycle: closed to narrow-angled at base (0—
50(60)°), leaf edge irregularly and coarsely crenate to crenate-
serrate, at the leaf cycle crenated teeth increasingly acute.

First basal leaf 15-30 mm long, undivided.

Second basal leaf 20-35 mm long, undivided, or lobed to
cleft by the main incision (26-55%); middle lobe if present tra-
pezoid to broadly deltoid with 3—5 teeth, lateral edge straight;
lateral segment undivided.

Third basal leaf 3040 mm long, lobed to cleft by main
incision (30-65%); middle lobe (trapezoid,) broadly deltoid to
spatulate, with 3—5 teeth, lateral edge slightly convex to slightly
concave; lateral segment undivided.

Fourth basal leaf 40-55 mm long, divided by main incision
(90-98%); middle lobe asymmetrically deltoid, with 3—7 teeth,
lateral edge straight to slightly concave; lateral segment divided
by first lateral incision (66—-85%), cleft to divided by second la-
teral incision (60—70%), cleft by third lateral incision (35-55%),
lobed to cleft by fourth lateral incision (27-40%), fifth lateral
incision absent or up to 40%.

Fifth basal leaf 45-55 mm long, divided by main incision
(75-90%); middle lobe irregularly and asymmetrically deltoid
with 3-5 teeth, lateral edge slightly convex to slightly concave;
lateral segment cleft to divided by first lateral incision (60—70%),
second and third lateral incision absent or up to 60%, and 45%,
respectively, fourth lateral incision normally absent, occasional-
ly up to 30%.

Sixth basal leaf 35-55 mm long, divided by main incisi-
on (70-90%); middle lobe deltoid, with 3—7 teeth, lateral edge
slightly convex to straight; lateral segment undivided or lobed to
cleft by first lateral incision (26-50%).

Seventh basal leaf 40—50 mm long, undivided or cleft to di-
vided by main incision (55-75%); middle lobe if present deltoid
with 5-7 teeth, lateral edge straight; lateral segment undivided.

Lowermost stem leaf divided into 5-7 segments, largest seg-
ment 30-60 mm long, 3—7(9) mm wide, oblanceolate, undivided
or with 1-2 teeth.

Petals 0-2(4), 8—11 mm long, 7-9 mm wide; androclinium
0.5-0.7 mm long; receptacle globose to ellipsoid, 2.0-2.8 mm
long, 1.3-2.0 mm wide, glabrous, intervallum absent, carpello-
phores 0.2-0.4 mm long; fruits 1.5-2.2 mm long, beak 0.3-0.8
mm long, straight to uncinate.

Pollen quality — good; 70.50% well developed (Tikves,
holotype).

DNA-ploidy — 4x (Tikves, Du-36632, Du-36633).

Distribution — known from the Croation part of Baranja,
the northeastern part of Slavonia, north of Osijek and around
Donji Miholjac.

Ecology — humid hornbeam forests.

Etymology — refers to the occurrence in the Croatian part
of Baranja.

Vulnerability — endangered due to small populations and
possible change of forest management. Even at the type popu-
lation, there are only few plants, scattered in the vast hornbeam
forests around Tikves.

Taxonomy — R. baranjanus presents with undivided or al-
most undivided initial and final leaves. All apertures at the base
of the basal leaves are narrowly angled or even closed. The leaf
edge is irregulary and coarsely crenated or crenate-dentated with
a relatively sparse number of broad teeth. R. baranjanus may
represent a group of similar species from Eastern Croatia inclu-
ding R. marinianaénsis and R. rondocroaticus. R. baranjanus
itself is characterised by orbicular spring leaves with radial inci-
sions and an almost globose receptacle.

Specimens seen — Croatia, Slavonia, Osijek-Baranja Coun-
ty, 10379.1: Tikves, am Zufahrtsweg zum Schloss Tikves, 84 m,
45°40°18°N 18°50°45E, Waldrand, Eichen-Hainbuchen-Wald,
12 Apr 2019, F.G. Dunkel & S. Ozimec, Du-36632; ibidem,
cultivated, 20 Apr 2020, Du-37428; Tikves, 250 m so Schloss
Tikves, 87 m, 45°40°12°N 18°50°50”E, Eichen-Hainbuchen-
Wald, 12 Apr 2019, F.G. Dunkel & S. Ozimec, Du-36633 (isoty-
pes); ibidem, cultivated, 26 Apr 2021, F.G. Dunkel, Du-38295;
10374.2: Donji Miholjac, so Kapelna, nw Kuéanci, an der Stral3e
4031, kurz nach 90°-Kurve und Eintritt in den Laubwald, 100 m,
45°40°29”N 18°05°31”E, feuchter Stralengraben im Hainbu-
chen-Wald, 28 Apr 2023, F.G. Dunkel, Du-41672 p.p.Probably
representing this species:

10274.4: Donji Miholjac, 2,5 km wsw Rakitovica, O-Hilfte
des Laubwaldgebietes, 100 m, 45°42°43’N 18°08°59”’E, Hain-
buchenwald, 28 Apr 2023, F.G. Dunkel, Du-41675.

5.2.2 Ranunculus marinianaénsis DUNKEL sp. nov.

Holotype: Croatia, Slawonien, 10274.4, Donji Miholjac,
2,3 km wsw Rakitovica, am O-Rand des Laubwaldgebietes,
Hainbuchenwald [eastern edge of the deciduous forest region,
hornbeam forest], 100 m, 45°42°39“N 18°09‘40“E, 15 Apr
2022, F.G. Dunkel 40552, ZA; Isotypes GOET, M, Du-40552. —
Figs. 5, 6 & 40, Tab. 1.

Description — Flowering shoot (slim to) robust, 28—48 cm
tall, scape 2.4—4.0 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to patent
(15-55°), flowers 3—10, enrichment shoots 0-2; basal leaves
1-5(6) per rosette.

Basal leaf cycle: leaf edge of the first two basal leaves cre-
nated, ot the following leaves irregularly crenate-serrate, at the
leaf cycle crenated teeth increasingly acute.

First basal leaf 25-45 mm long, V-formed at base (80—
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Fig. 3
basal leaves:

1a-3a: Du-36633-3
1 4b: Du-36632-1
cm 5¢,6-7d: Du-36632-4
1-3e,7e: Du-36633-5
4f: Du-36633-7
5g,6g: Du-36633-6

1Y

1h: Du-36633-9
2i,3i,5i: Du-36633-2
4j: Du-36632-3

6k, 7k: Du-36633-1

A, B, C: isotype (Du-
36633-2)

Petals (A): 0-2(4)
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-36633-6
Du-36633-3
Du-36633-7

KOS RG0S0
S £3E 90285 SO0

K

Ranunculus baranjanus

Fig. 3 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus baranjanus (white scale bars in detail pictures = 2 mm).
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Fig. 4 — Holotype of Ranunculus baranjanus (ZA).
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Fig. 5

basal leaves:

1a—3a: Du-41665-14
4b: Du-41665-13
5c,6¢: Du-41665-6
7d: Du-41665-11

1e,6e,7e: Du-41665-3
2f-4f: Du-41665-7

@ h
@ @ h
a
5g: Du-40552-2
1e-3e,7h: Du-40552-4
4i: Du-41665-3
5j: Du-41665-13
3 6k: Du-41552-3
f h
a intermediate leaves:
Ef i/: b &

Du-40552-4 (isotype)
Du-41665-7

inter-
mediate
leaves

Cc

A: holotype
B, C: Du-41665-12

Petals (A): (3)4-5
beak of the fruit (B):

\ \ straight (to uncinate)
\ receptacle (C):
§ scarcely pilose (+)
\/ cauline leaves:
(left to right)
Du-40552-5
Du-41665-2
Du-40552-4
/ Ranunculus marinianaénsis

Fig. 5 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus marinianaénsis. The white bars in the figures of detail equal 2 mm.
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Fig. 6 — Holotype of Ranunculus marinianaénsis (ZA).
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100°), undivided or cleft by the main incision (30-45%); middle
lobe if present, broadly deltoid with 3—5 crenated teeth, lateral
edge slightly convex to straight; lateral segment undivided.

Second basal leaf 30-55 mm long, narrow-angled to V-for-
med at base (30—100°), undivided or lobed by the main incision
(up to 30%); middle lobe if present broadly deltoid with (3—)5
teeth, lateral edge slightly convex to slightly concave; lateral
segment undivided.

Third basal leaf 45-60 mm long, narrow-angled to V-
formed at the base (60—100°), lobed to cleft by main incision
(26-50%); middle lobe trapezoid, broadly deltoid (to spatulate),
with 3—7 teeth, lateral edge slightly convex to slightly concave;
lateral segment undivided.

Fourth basal leaf'55—75 mm long, narrow-angled at the base
(20-80°), divided by main incision (92-98%); middle lobe del-
toid to spatulate, with 5—11 teeth, lateral edge slightly concave
to slightly convex; lateral segment cleft to divided by first lateral
incision (50-80%), second lateral incision absent or up to 30%.

Fifth basal leaf 45—-60 mm long, narrowly formed to V-for-
med at the base (40-90°), divided by main incision (75-90%);
middle lobe deltoid with 57 teeth, lateral edge slightly concave
to slightly convex; lateral segment usually undivided, occasio-
nally lobed to cleft by first lateral incision (26—40%).

Sixth basal leaf 40-55 mm long, narrowly angled to V-for-
med at the base (70-90°), undivided.

Seventh basal leaf 40-55 mm long, narrowly angled to V-
formed at the base (40-90°), undivided or rarely lobed by main
incision (26-32%); middle lobe usually absent, if present broad-
ly deltoid with 5 teeth, lateral edge slightly concave; lateral seg-
ment undivided.

Intermediate leaves 55-65 mm long, narrowly to widely an-
gled at the base (60—110°), dissected by main incision; middle
lobe stalked up to 6 mm, deltoid to rhomboid with 11-15 roun-
ded teeth, lateral edge slightly concave to slightly convex; late-
ral segment cleft to divided by first lateral incision (60-80%),
second lateral incision absent or up to 35%.

Lowermost stem leaf divided into (6-)7(—9) segments, lar-
gest segment 40—-85 mm long, 3-8 mm wide, narrowly lanceola-
te, usually undivided, rarely with 1-2 teeth.

Petals (3)4-5, 9-13 mm long, 8-12(13) mm wide; andro-
clinium 0.3-0.5 mm; receptacle ellipsoid, 3.2-4.0 mm long,
1.8-2.4 mm wide, scarcely pilose, intervallum absent, carpello-
phores 0.2—0.4 mm long; fruits 1.8-2.7 mm long, beak 0.6—1.2
mm long, straight (to uncinate).

Pollen quality — bad; 18.2% well developed (Rakitovica,
isotype Du-40552-1).

DNA-ploidy — 4x (Rakitovica, isotype Du-40552).

Distribution — known from the type locality and three
further sites south of Donji Miholjac.

Ecology — rather humid hornbeam forests, ditches.

Etymology — refers to Donji Miholjac, which was called
Mariniana during the time of Ancient Rome.

Vulnerability — potentially endangered due to rarity.

Taxonomy — despite usually complete flowers with (3)4-5

petals, an extremely bad pollen quality and the DNA content ar-
gue for a tetraploid, in general apomictic taxon. R. marinianaén-

sis is similar to R. rondocroaticus but differ by a basal leaf cycle
with 25 completely undivided leaves. Another striking feature
of R. marinianaénsis are mostly straight beaks of the achenes.
Only well-developed lush plants with more than one enrich-
ment shoot present intermediate leaves with stalked rhomboidal
middle lobes. To present knowledge, the taxon is restricted to the
most eastern parts of Slavonia around Donji Miholjac.

Specimens seen — Croatia, Slawonien, Osijek-Baranja
County, 10274.4: Donji Miholjac, 2,3 km wsw Rakitovica,
am O-Rand des Laubwaldgebietes, Hainbuchenwald [eastern
edge of the deciduous forest region, hornbeam forest], 100 m,
45°42°39”N 18°09°40”°E, 15 Apr 2022, F.G. Dunkel, Du-40552
(isotypes); ibidem, Donji Miholjac, 2,5 km wsw Rakitovica, O-
Halfte des Laubwaldgebietes, 100 m, 45°42°43”’N 18°08’59”’E,
Hainbuchenwald, 28 Apr 2023, F.G. Dunkel, Du-41665; ibidem:
10374.2: Donji Miholjac, so Kapelna, nw Kucanci, an der Stra-
Be 4031, kurz nach 90°-Kurve und Eintritt in den Laubwald,
100 m, 45°40°29”N 18°05’31”E, feuchter Stralengraben im
Hainbuchen-Wald, 28 Apr 2023, F.G. Dunkel, Du-41674; ibi-
dem: 10374.4: Donji Miholjac, w der D 53, s Malinovac, 100
m, 45°36°41”’N 18°08°20”E, Auwald und Erlenbruch, 28 Apr
2023, F.G. Dunkel, Du-41676.

5.2.3 Ranunculus rondocroaticus DUNKEL Sp. hov.

Holotype: Croatia, Brod-Posavinan county, 10872.4, Be-
brina, zwischen [between] Bebrina und Stupnicki Kuti, w der
StraBe 4205, 88 m, 45°06°54”N 17°49°09”E, Graben, Wald-
rand, feuchter Hainbuchenwald [ditch, forest edge, humid horn-
beam forest], 27 Apr 2022, F.G. Dunkel 40467, ZA; isotypes
GOET, M, Du-40467. — Figs. 7, 8 & 40.

Description — Flowering shoot slim to robust, 25-55 cm,
stalk 1.0-3.2 mm in diameter, reddish at the base, suberect to pa-
tent, angle between the main and secondary axis 15-60°, flowers
2-13, enrichment shoots 0—1; basal leaves 1-3(4) per rosette.

Basal leaf cycle: The leaf edge presents irregularly crenated
in the first two to three, irregularly crenate-serrate in the (third)
fourth to seventh basal leaves.

First basal leaf 25-35 mm long, blade at the base narrow-
angled to V-formed (50-100°), undivided or occasionally lobed
to cleft by the main incision (26-45%), middle segment if pre-
sent trapezoid to deltoid with 3—5 teeth, lateral edge straight to
slightly convex; lateral segment undivided.

Second basal leaf 33—55 mm long, base narrow-angled to
V-formed (66—100°), cleft to divided by the main incision (50—
80%), middle lobe deltoid to spatulate with 5(-7) teeth, lateral
edge straight to slightly concave; lateral segment undivided.

Third basal leaf 35-50 mm long, base narrow-angled to
V-formed (50-100°), divided by the main incision (75-85%),
middle lobe deltoid with 5 teeth, lateral edge slightly concave to
straight; lateral segment undivided or lobed to cleft by the first
lateral incision (26—65%).

Fourth basal leaf 40-65 mm long, aperture at the base
closed to narrow-angled (5-50°), divided by the main incision
(90-98%), main incision conspicuously widely angled (50-75°),
middle lobe narrowly deltoid to deltoid with 3—7 teeth, lateral
edge straight; lateral segment cleft to divided by the first lateral
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Fig. 7
basal leaves:

1a,3a: holotype
2b,5b: Du-40467-6
4c: Du-40467-7
6d: Du-40466-1
7e: Du-40556-1

1f,2f: Du-40467-2
39 :Du-40467-5
4h: Du-40467-10
5i: Du-40467-4
6j,7j: Du-40556-1

1k-4k: Du-40467-3
5l: holotype
6m: Du-40553-1

7h: Du-40467-10

A, B, C: Du-40467-6
(isotype)

Petals (A): 2-5
beak of the fruit (B):
uncinate to involuted
receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-40467-7
holotype
Du-40467-4

Ranunculus rondocroaticus

Fig. 7 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus rondocroaticus. The white bars in the figures of detail equal 2 mm.
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5cm

Fig. 8 — Holotype of Ranunculus rondocroaticus (ZA).
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incision (40-75%), second lateral incision absent or up to 33%.

Fifth basal leaf 3850 mm long, base V-formed to wide-an-
gled (80-130°), divided by the main incision (80-90%), midd-
le lobe narrowly deltoid to deltoid with 3—7 teeth, lateral edge
straight; lateral segment undivided or occasionally lobed to cleft
by the first lateral incision (26-55%).

Sixth basal leaf 35-55 mm long, base narrow-angled to V-
formed (60-100°), cleft to divided by the main incision (50—
80%), (narrowly deltoid to) deltoid with 3-5 teeth, lateral edge
straight; lateral segment undivided.

Seventh basal leaf 30-65 mm long, undivided or lobed to
cleft by the main incision (26-45%), middle lobe if present tra-
pezoid or broadly deltoid with 5 teeth, lateral edge straight; late-
ral segment undivided.

Lowermost stem leaf divided into 7-9 segments, largest seg-
ment 40—80 mm long, linear, 2—-5 mm wide, undivided or — in the
largest plants — occasionally with two tiny steps.

Petals 2-5, 8—10 mm long, 7-9 mm wide; androclinium
0.6-0.8 mm long; receptacle ellipsoid, 3.0-4.0 mm long, 2.0—
2.7 mm wide, sparsely pilose, intervallum absent, carpellopho-
res 0.2-0.4 mm long; fruits 2.4-3.2 mm long, beak 0.5-0.8 mm
long, uncinate to involuted.

Pollen quality — mediocre; 40.1% well developed (Bebri-
na, holotype).

DNA-ploidy — not known.

Distribution — known from Slavonia around Slavonski
Brod and further north near Donji Miholjac.

Ecology — humid hornbeam forests, forest edges, and dit-
ches.

Etymology — refers to the rounded form of the basal lea-
ves with partly semicircular lateral lobes and its occurrence in
Croatia.

Vulnerability — endangered due to small populations and
possibility of change in the forest management.

Taxonomy — R. rondocroaticus presents with undivided or
almost undivided rounded basal leaves at the beginning and at
the end of the basal leaf cycle. It belongs to the R. baranjanus
group but differs from R. baranjanus by lack of circular incisi-
ons at the spring leaves and from R. marinianaénsis by one or
two vs. 3—5 undivided leaves.

Specimens seen — Croatia, Osijek-Baranja County,
10274.4: Donji Miholjac, 2,3 km wsw Rakitovica, am O-Rand
des Laubwaldgebietes, 100 m, 45°42°39”’N 18°09°40”E, Hain-
buchenwald, 15 Apr 2022, F.G. Dunkel, Du-40553; 10374.4:
Donji Miholjac, w der D 53, s Malinovac, 100 m, 45°36’41”’N
18°08°20”E, Auwald und Erlenbruch, 28 Apr 2023, F.G. Dun-
kel, Du-41732; Brod-Posavina county, 10773.4: Glogovica, Dilj
Gora, 2,5 km no NO-Ende Jezera Petnja, breite Wegschneise,
208 m, 45°12°47”N 17°58’17”E, nitrophiler Waldsaum, we-
nige Pflanzen, 29 Apr 2023, F.G. Dunkel, Du-41733; ibidem,
Dilj Gora, 2,5 km no NO-Ende Jezera Petnja, breite Wegschnei-
se, an der Abzweigung eines Weges zum Berg, 1 Pflanze, 215
m, 45°12°54”N 17°58’08”E, Gebtischrand, 1 Pflanze, 29 Apr
2023, F.G. Dunkel, Du-41734; 10872.4: Bebrina, zwischen Be-
brina und Stupnicki Kuti, w der Stral3e 4205, Graben, Waldrand,
feuchter Hainbuchenwald, 88 m, 45°06°54°N 17°49°09”’E, 27
Apr 2022, F.G. Dunkel-40465 (isotypes); Stupnicki Kuti, an

Forstralle 200 m w der Strae Stupnicki Kuti — Bebrina (4205),
n des Schotterweges, 90 m, 45°06°55”N 17°49°06”E, Hainbu-
chen-Wald, 27 Apr 2022, F.G. Dunkel, Du-40556.

5.2.b Ranunculus subtatricus group

5.2.4 R. istriacoides DUNKEL sp. nov.

Holotype: Croatia, Velebit, Lika-Senj County, 1155.2,
Krasno Polje, Jezera, Grund der Doline, 2.7 km sw Krasno, W-
Hang des Pljisivica, subalpine Wiesen [bottom of doline, western
slope of Pljisivica, subalpine meadows], 1390 m, 44°48°08”N
15°01°14”E, 07 Jun 2020, F.G. Dunkel 38764, ZA; isotypes Du-
38764. — Figs. 9 & 10, Tab. 1.

Description — Flowering shoot gracile to slim, 15-30 cm,
cataphylls 0-1, stalk 0.7-2.0 mm in diameter, reddish at the
base, terete, suberect to moderately divergent, angle between the
main and secondary axis 5-50°, flowers 1-3, enrichment shoots
0; basal leaves 1-4 per rosette.

Basal leaf cycle: widely angled at the base (100-160°), oc-
casionally V-formed at the first basal leaf (90-100°), leaf edge
irregularly crenated in the first to third basal leaf, crenate-serrate
in the the fourth to sixth final leaf.

First basal leaf 10—15 mm long, undivided.

Second basal leaf 12-25 mm long, undivided or lobed to
cleft by the main incision (26-45%); middle lobe (if present)
trapezoid (to deltoid) with 3 teeth; lateral segment undivided.

Third basal leaf 12-26 mm long, divided by main incision
(75-90%); middle lobe deltoid with 3—5 crenated teeth, lateral
edge slightly concave to straight; lateral segment undivided or
lobed to cleft by first lateral incision (26—65%).

Fourth basal leaf 18-30 mm long, divided to dissected
by main incision (92-100%); middle lobe narrowly deltoid to
deltoid, with 35 teeth, lateral edge slightly concave to slightly
straight; lateral segment cleft to divided by the first lateral incisi-
on (50-90%), second lateral incision absent or up to 35%.

Fifth and sixth basal leaf similar, 23—32 mm, and 20-32 mm
long, respectively; lobed by the main incision (26—32%, and 26—
30%, respectively); middle lobe trapezoid with 3 teeth; lateral
segment undivided.

Intermediate leaf: pedately divided, truncate at the base
(170-190°), divided by the main incision; middle lobe narrowly
deltoid with 3-5 teeth, lateral edge slightly convex; lateral seg-
ment divided by first lateral incision (75-85%), lobed to cleft by
second lateral incision (30—40%).

Lowermost stem leaf divided into 5—7 segments, largest seg-
ment 22-35 mm long, 1.5-3 mm wide, lanceolate, rarely stal-
ked, usually undivided, rarely with two short teeth.

Petals (1)2-5, 7-10 mm long, 6-8 mm wide; androclinium
0.5-0.8 mm; receptacle ellipsoid, 1.2—1.8 mm long, 0.5-0.7 mm
wide, glabrous, intervallum long (>25%), carpellophores 0.10—
0.3 mm long; fruits 1.8-2.6 mm long, beak 0.5-0.8 mm long,
(uncinate to) involuted.

Pollen quality — bad, 37.5% well developed (Krasno Polje,
holotype).
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inter-
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Fig. 9
basal leaves:

1a: Du-37864-5
2b: Du-37864-1
3c,4c: Du-39594-1
5d: Du-37864-4
6e: Du-37864-3

1f,2g,4f,5f,69: Du-
37864-4
3h: Du-37864-5

intermediate leaf: Du-
39594-1

1d,3d: Du-37864-4
2j,5},6j: Du-37864-6
4k: Du-38425-1

A: Du-37864-1

B: holotype
C: Du-37864-4

Petals (A): (1)2-5
beak of the fruit (B):
(uncinate to) involuted
Receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-37864-1
Du-37864-2
Du-37864-3

& 33 B&DS

Ranunculus istriacoides

Fig. 9 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus istriacoides. The white bars in the figures of detail equal 2 mm.
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5cm

y

Fig. 10 — Holotype of Ranunculus istriacoides (ZA).
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DNA-Ploidy — 4x (Krasno, isotype Du-38364).

Distribution — at the type locality Krasno Polje, in the Vele-
bit.

Ecology — at dolines of subalpine meadows.

Etymology — refers to R. istriacus (see below) with similar
undivided final leaves.

Vulnerability — risk of extinction due to rarity with a small
number of plants and reforestation.

Taxonomy — R. istriacoides is a small plant of subalpine
meadows, it reminds to the type collection of R. istriacus, all
with only one basal leaf and 1-2 cataphyll. In contrast, the gra-
cile plants of R. istriacoides present with up to four basal lea-
ves. Cataphylls are usually absent. R. istriacoides differs from
R. istriacus by shorter, not elongated teeth of the margin of the
final leaves. The cauline leaf segments are narrowly lanceolate,
obtuse, and usually undivided; in R. braun-blanquetii the largest
segment of the lowermost cauline leaf has 28 teeth. R. subtatri-
cus JASIEWICZ, a species of subalpine meadows of the Tatra regi-
on has almost the same leaf cycle with undivided initial and final
leaves. Only plants in cultivation developed different spring lea-
ves with a wide-angled base (JasiEwicz 1956, DUNKEL in prep.).

Due to extremely bad pollen morphology and flow cytome-
try measurements, R. istriacoides is a tetraploid endemic. The
small population outside the Velebit National Park (Nacionalni
park Sjeverni Velebit) deserves high protection and is at risk of
extinction.

Specimens seen — Croatia, Velebit, Lika-Senj County,
1155.2: Krasno Polje, Jezera, Grund der Doline, 2.7 km sw Kras-
no, W-Hang des PljiSivica, 1390 m, 44°48°08”N 15°01°14”E,
subalpine Wiesen, 07 Jun 2020, F.G. Dunkel, Du-38764 (iso-
ypes); ibidem, Krasno Polje, Jezera, cultivated, 10 May 2021,
F.G. Dunkel, Du-38425; ibidem, Krasno Polje, Jezera, cultiva-
ted, 03 May 2022, Du-39594.

5.2.5 Ranunculus istriacus HORANDL & GUTERMANN,
Bot. Jahrb. Syst. 120(4): 563, 1998.

Holotype: Croatia, Istrien, 0751.1, Cicarija (Tschitschen-
boden), Schutzhaus am Poklon — Ucka-Gipfel, 960-1396 m,
30 May 1955, W. Gutermann, Gu-1392, Individuum a, WU
0033483; isotypes Hb. Gutermann. — Figure available under htt-
ps://wu.jacq.org/WU0033483

Distribution — at present only known from the type coll-
ection at the summit area of Ucka (Monte Maggiore) by W.
Gutermann in 1955.

Ecology — unknown, subalpine meadows or beech forest.
The type collection was obviously easy to collect without tools
— W. Gutermann in litt. (2006) —, hence, an occurrence in a beech
forest is more probable.

Etymology — refers to the occurrence in Istria, Croatia.
Vulnerability — possibly extinct.

Taxonomy — R. istriacus remains an enigma. There is only
the type collection of Walter Gutermann realised during a bota-
nical excursion in 1955. E. Hérandl and W. Gutermann as well
as the author looked for the species in vain severeal times. As

indicated above, it is quite possible that R. istriacus grows or
grew in the vast beech forests of the Uc¢ka. This is underlined
by a specimen of Ranunculus auricomus in the herbarium WU:
“Monte Maggiore, in fagetis, ca. 1200 m, substr. calc.”, collec-
ted by K.H. Rechinger in 1928. This plant has no basal leaves;
therefore, a secure determination is not possible.

Morphologically and according to the colleted plants, R.
istriacus develops only one basal leaf and has one or two ca-
taphylls, seen also at the specimen of WU. All basal leaves of
the type material present the same basal leaf, not at all the se-
cond to fourth leaf as is indicated in the figure of its description
(HORANDL & GUTERMANN 1998b). This is typical for the R. mono-
phyllous group. Indeed, R. istriacus resembles R. monophyllos
Ovcz. of Central Asia.

Specimens seen — Croatia, Istria, 0751.1: Ciéarija (Tschit-
schenboden), Schutzhaus am Poklon — Ucka-Gipfel, 960-1396
m, 30 May 1955, W. Gutermann, Gu-1392, WU; isotypes Hb.
Gutermann; ibidem, Monte Maggiore, ca. 1200 m, in fagetis,
substr. calc., 27 May 1928, K.H. Rechinger, WU.

5.2.c Ranunculus marsicus group

5.2.6 Ranunculus mutilicensis DUNKEL sp. nov.

Holotype: Croatia, Lika-Senj County, Krbavsko polje,
11560.2, Mutili¢, 100 m w D1, 500 m sw Galov¢i, artenreiche
Feuchtwiese [species-rich humid meadow], 690 m, 44°29°46°N
15°45°45“E, 28 Apr 2022, F.G. Dunkel 39590, ZA; isotypes
GOET, M, Du-39590. — Figs. 11 & 12, Tab. 1.

Description — Flowering shoot slim, 820 cm tall, scape
1.0-1.8 mm in diameter, at the base reddish, terete, angle bet-
ween the main and secondary axis suberect to moderately patent
(15-50°), flowers 1-3, enrichment shoots 0—1(2); basal leaves
2-5(6) per rosette.

Basal leaf cycle: leaf edge irregularly crenated at the first,
second and third basal leaf, at the fourth and fifth leaf irregularly
crenated or crenate-serrate with obtuse teeth, at the sixth and
seventh basal leaf irregularly crenate-serrate.

First basal leaf 10-20 mm long, V-formed at the base
(80-100°), undivided or lobed to divided by the main incision
(26-70%); middle lobe, if present, deltoid to spatulate with 1-5
crenated teeth, lateral edge slightly convex to slightly concave;
lateral segment undivided.

Second basal leaf 15-25 mm long, narrow-angled to V-for-
med at base (20-80°), divided by the main incision (70-85%);
middle lobe deltoid to spatulate with 3-5 teeth, lateral edge
slightly convex to slightly concave; lateral segment undivided
or lobed to cleft by the first lateral incision (26—40%).

Third basal leaf 18-35 mm long, narrow-angled to V-for-
med at the base (40—100°), divided by main incision (80-95%);
middle lobe deltoid (to spatulate), with 3—7 crenated teeth, late-
ral edge straight to slightly concave; lateral segment undivided
or lobed to cleft by first lateral incision (26—-60%).

Fourth basal leaf 22—45 mm long, narrowly to widely an-
gled at the base (50—140°), divided to dissected by main incision
(85-100%), occasionally stalked up to 1 mm; middle lobe rhom-
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boid to deltoid, occasionally tricleft with incisions of 45-60%,
with 3-5 teeth, lateral edge slightly convex to straight; lateral
segment divided by first lateral incision (66—80%), cleft to divi-
ded by second lateral incision (45-75%), lobed to cleft by third
lateral incision (25-55%), fourth incision absent or up to 50%.

Fifth basal leaf 20-45 mm long, narrow-angled to V-for-
med at the base (40-100°), cleft to divided by main incision
(60—80%); middle lobe narrowly deltoid to deltoid with 3 teeth,
lateral edge slightly convex to slightly concave; lateral segment
undivided or cleft by first lateral incision (26-60%), second,
third and fourth lateral incision absent or up to 45%, to 35%, and
30%, respectively).

Sixth basal leaf 35-55 mm long, narrowly angled to V-For-
med at the base (60—-100°), cleft to divided by main incision (50—
85%); middle lobe deltoid, with 3-5 teeth, lateral edge straight;
lateral segment undivided.

Seventh basal leaf 30-55(65) mm long, narrowly angled
to V-formed at the base (50—100°), undivided or lobed to cleft
by main incision (26—45%); middle lobe, if present, trapezoid
or broadly deltoid with 5 teeth, lateral edge slightly concave to
straight; lateral segment undivided.

Lowermost stem leaf divided into 7-13 segments, largest
segment 18-30 mm long, 1.5-3 mm wide, lanceolate, undivided
or with 1(=2) tooth (teeth).

Petals 5(-8), 7-11 mm long, 5-8 mm wide; androclinium
0.2-0.3 mm; receptacle globose to ellipsoid, 1.4—1.8 mm long,
1.1-1.6 mm wide, glabrous, intervallum short to long (10-45%),
carpellophores 0.05-0.15 mm long; fruits 0.8—-1.3 mm long,
beak 0.2-0.4 mm long, (uncinate to) involuted.

Pollen quality — excellent; 96.9% well developed (Mutilié,
holotype).

DNA-Ploidy — 2x (Mutili¢, isotype Du-39590).
Distribution — known from the type locality near village

Mutili¢, 70 km northeast of Zadar, represents the southernmost
population of Croatia.

Ecology — humid meadows with Chouardia litardieri
(BREISTR.) SPETA (syn. Scilla litardieri BREISTR.) and Lathyrus
pannonicus (JACQ.) GARCKE.

Etymology — refers to the nearby village of Mutili¢ at the
Lika-Senj County.

Vulnerability — endangered due to rarity and its ecology.

Taxonomy — according to its morphology with always five
or even more (up to eight) petals, its DNA content, and its pollen
morphology R. mutilicensis is a diploid and probaly sexual spe-
cies. The type population is the southernmost one of the whole
Ranunculus auricomus complex in Croatia. Further genetic stu-
dies should reveal whether it could be a starting point for further
speciation processes (BrRaDICAN 2023). With the coarse leaf
edge and rounded teeth R. mutilicensis resembles R. marsicus
of the Italian Abruzzi. Due to morphological and ecological cha-
racters, it could be readily categorized in the R. marsicus group.
The fourth and fifth basal leaves are more irregularly and deeper
divided than in R. marsicus.

According to the literature, there should be more meadows
with populations of Ranunculus auricomus s.l. in the surroun-
dings, but the author looked for other well indicated occurences
in vain. Most of these places were drainaged and are no further

suited for R. mutilicensis. Hence, the taxon seems to be seriously
endangered.

Literature — Flora Croatica Database (Nikoli¢ 2015):
JoSane, Krbavsko polje, Lika: 44°35°42.3”N 15°43’59.8”’E;
44°35°44”N 15°44°02°E; 44°35°44.2°N 15°44°06”’E, leg./obs.
various authors, 04 Jun 2006.

5.2.c Ranunculus notabilis group (Fig. 41)

5.2.7 R. austroslovenicus DUNKEL, Willdenowia 48(2):
230, 2018.

Holotype: Slovenia, Preddinarsko Obmocje, 0554.2,
Kocevje, an der Kolpa 1 km vor Srobotnik, Gebiisch, Waldrand,
[on the rivulet Kolpa 1 km before Srobotnik, shrubbery, forest
edge], 250 m, 45°29°43“N 14°48°14* E, 23 Apr 2013, F.G.
Dunkel, LJU 30441; isotypes B, M, Du-30441. — Fig. 41, Tab. 1;
Figs. 1-3, Tab. 1 in DUNKEL & al. (2018).

Pollen quality — good; 87.7% well developed (Du-30441,
DUNKEL & al. 2018: Tab. 1).

DNA-ploidy — 2x (Ogulin, Dobra riverside, Du-35326;
Klek, Du-35720).

Chromosome number — 2n = 16 (Du-30442, DUNKEL & al.
2018: Tab. 1).

Distribution — from the Planinsko Polje SW of Ljubljana
to the Kocevsko region in southeastern Slovenia and adjacent
Croatia.

Ecology — meadows, brushes, riparian forests, beech and
hornbeam forests.

Etymology — refers to the type of population and main dis-
tribution in southern Slovenia.

Vulnerability — critically endangered at poor-nutrient mea-
dows by eutrophication or abandonment; less endangered in fo-
rest habitats.

Distribution — from the Planinsko Polje SW of Ljubljana
to the Kocevsko region in southeastern Slovenia and adjacent
Croatia.

Taxonomy — R. austroslovenicus possesses its main distri-
bution at the southern parts of Slovenia, near to the Croation
border. From there, it does not only transgrede the border but
reaches Central Croatia near Generalski Stol and Ogulin. Alt-
hough R. austroslovenicus — typical for a sexual species — has
a great morphological variation, it is readily distinguished from
R. calapius by predominance of undivided basal leaves with a
narrow-angled aperture at the base.

The plants of the ascent to Klek Mountain possess narrowly
deltoid or even flabelliform-like segments of the lowermost cau-
line leaf. The whole aspect reminds of R. magniflorus DUNKEL
another new species from the Southern Carpathians (manuscript
submitted). Since the collection comprises only two plants and
the distance to the sites of R. magniflorus is more than 600 km,
we provisionally categorize the population of Klek to R. aus-
troslovenicus.

Specimens seen — Croatia, Primorje-Gorski Kotar, 10554.2:
Delnice, Kuzelj, 11 May 1885, D. Hirc, det. sub R. cassubicus
L., ZA; 10555.1: ibidem, Brod na Kupi, 1,3 km SW Friedhof und
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Fig. 11
basal leaves:

1a : Du-39590-2
2b,3b,6e,7b:
Du-39590-11
4c: Du-39590-4
5d: Du-39590-6

1f-6f: Du-39590-6
79: Du-39590-5

1h: Du-39590-12
2i,3i: Du-39590-143
4j: Du-39590-13
5e: Du-39590-11
6k: Du-39590-10
71: Du-39590-9

1cm

E
B

A, C, D: Du-39590-1

B: Du-39590-11

Petals (A): 0-3

beak of the fruit (B):

uncinate

receptacle (C):

glabrous (or with some

hairs)

cauline leaves:

(left to right)

Du-39590-12

Du-39590-9

Du-39590-4
Ranunculus mutilicensis

Fig. 11 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus mutilicensis. The white bars in the figures of detail equal 2 mm.
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Fig. 12 — Holotype of Ranunculus mutilicensis (ZA).
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Kirche Vinica, nahe N-Ufer der Kupa, Wiese und schlammiges,
ausgetrocknetes Bachbett, 215 m, 45°28°30”N 14°54°03”E,
F.G. Dunkel & S. Wittwer, 25 Apr 2015, Du-32738; Unterkrain
(Dolenjska), 10558.1: Donje Prilis¢e, o der Briickenzufahrt der
Kulpa bei Donje Prilisée, 160 m, 45°28°44”°N 15°22°05”E, Ge-
biisch Wiesenrand, 13 Apr 2019, F.G. Dunkel, Du-36634; Kar-
lovac County, 10658.3: Generalski Stol, am N-Ufer der Globor-
nica w Generalski Stol, 170 m, 45°20°50.6”N 15°21°58.2”’E,
Bachauenwald, 30 Apr 2023, F.G. Dunkel, Du-41726; 10757.1:
Ogulin, in dumetis circa Ogulin, 21 Apr 1880, L. Rossi, ZA s.n;
ibidem, Ogulin, ca. 630 m S des Ortskerns, unterhalb der Stra-
Be Setaliste Krlenac, am Ufer der Dobra, 316 m, 45°15°35”N
15°13°24”E, grasiges Flussufer unter Weiden, 22 Apr 2018,
F.G. Dunkel Du-35325; ibidem, 1,8 km w Ogulin, nérdliches
Dobra-Ufer an der Briicke zwischen Puskari¢i und Sveti Petar,
320 m, 45°16°07”°N 15°11°59”E, Flussufer, z.T. unter Bdumen,
22 Apr 2018, F.G. Dunkel, Du-35326; Velika-Kapela-Massiv,
Ogulin, Auffahrt zum Klek, an der Stralie, 536 m, 45°15’14”N
15°10°35”E, Buchenwaldrand, 22 Apr 2018, F.G. Dunkel, Du-
35720.

5.2.8 Ranunculus calapius DUNKEL, Willdenowia 48(2):
234, 2018.

Holotype: Croatia, Turopolje, 10459.3, Karlovac, Or-
lovac, 1.1 km SE des Ortes [of the village], W Sisacka ulica,
feuchter Hainbuchen-Auenwald [swampy hornbeam alluvial fo-
rest], 114 m, 45°31°08.2”°N 15°34°15.0”E, 10 Apr 2017, F.G.
Dunkel 34889, ZA; isotypes B, M, FR, WB, ZT, Du-34889. —
Fig. 41, Tab. 1; Figs. 1,4 & 5, Tab. 1 in DUNKEL & al. (2018).

Pollen quality — excellent (96.8% well developed; isotype
Du-34889).

DNA-ploidy — 2x (Orlovac, isotype Du-34889; Orlovac,
Du-35351; Popovi¢ Brdo, Du-35724 ; Domaslovec, Du-35778).

Eponymy — calapius, latin name for the river Kolpa, which
is situated close to the type locality.

Ecology — softwood floodplain forest together with Fritil-
laria spec. and Leucojum aestivum L., damp deciduous forest.

Distribution — floodplain forests around Karlovac and at
the park Maksimir in the centre of Zagreb.

Taxonomy — The sequence of the basal leaves is hetero-
phyllous and characterized by split into three different types of
basal leaves. The initial leaves, the first to third one, possess a
broadly deltoid to spatulate middle lobe, and the leaf edge has
obtuse crenated teeth or it is even only crenate. The spring lea-
ves, no. 4 and 5, present often stalked middle lobes in narrowly
deltoid to lanceolate form with deep and wide lateral incisions.
In contrast, the lateral segments of the final leaves no. 6 and 7 are
undivided. In the last leaf of the cycle the main incision is redu-
ced to at most 65% or even lacking. In robust plants, sometimes
intermediate leaves are developed (LOHWASSER 2001), obviously
between the fourth and fifth basal leaf of the cycle. They present
with a dissected blade by the main incision, and three mostly
deep lateral incisions giving rise to a leaf resembling the basal
leaf of Ranunculus acris. The number of known populations has
increased from two in 2018 (DUNKEL & al 2018) to about ten in
2023. The occurrence at the Maksimir Park in the City of Zagreb

could reflect a relict of an ancient floodplain forest along the
Danube.

Specimens seen — Croatia, Karlovac County, Turopolje,
10160.4: Domaslovec, Domaslovecka ulica, 575 m nw Auto-
bahnbriicke iiber die A3 bei Samobor, 129 m, 45°48°36.1”’N
15°45°54.9”E, Eichen-Ulmen-Wald mit Leucojum vernum,
21 Apr 2018, F.G. Dunkel, Du-35778, Du-35779; Zagreb
City, 10162.3: Zagreb, Maksimirskvi u Sumi, Apr 1855, L.
Vukotinovi¢, det. L. Vukotinovi¢ sub R. binatus Kit., ZA; ibidem,
Maksimir, Apr 1876, D. Hirc, ZA; ibidem, Maksimir, u Sumi,
Apr 1880, L. Vukotinovié, ZA; ibidem, Maksimir, Apr 1886, S.
Gjurasin, ZA; ibidem, Maksimir, 01 May 1908, D. Hirc, ZA;
ibidem, Zagreb, Park Maksimir, SW-Teil, Ende der Ulca Mak-
simirski Perivoj, 70 m sw Vidikovac, 20 m vom NO-Ufer des
Drugo Sees, 130 m, 45°49°26.1”’N 16°01°14.8”E, offene Rasen
unter Baumen, feuchte Stellen, 22 Apr 2018, F.G. Dunkel, Du-
35721; ibidem, Zagreb, Park Maksimir, SO-Teil, 150 m O vom
O-Ufer des Drugo Sees, 134 m, 45°49°25.3”N 16°01°24.8”E,
nitrophiler, feuchter Laubmischwald, 22 Apr 2018, F.G. Dun-
kel, Du-35722; 10459.3: Karlovac, Orlovac, in silvula Lus$¢i¢,
20 Apr 1916, L. Rossi, ZA; ibidem, Orlovac, 04 May 1918, L.
Rossi, ZA; Karlovac, 1.1 km se Orlovac, w Sisacka ulica, 114 m,
45°31°08.5”N 15°34°15.3”E, feuchter Hainbuchen-Auenwald
[swampy hornbeam plainwood forest], 10 Apr 2017, holotype
ZA; isotypes B, FR, M, WB, ZT, Du-34891; 10459.4: Karlovac,
6 km ne Karlovac, s Recicka ulica, an der Verbindungsstraf3e
nach Donje Mekusje, 118 m, 45°31°08.7”°N 15°36’46.7”E,
feuchter Hainbuchen-Auenwald, 23 Apr 2018, F.G. Dunkel,
Du-35342; ibidem, 45°31°05”N 15°36°45”’E, feuchter Hainbu-
chen-Auenwald, 23 Apr 2018, F.G. Dunkel, Du-35351; ibidem,
10559.2: Turanj, 50-100 m s der StraBe Karlovac — Popovic¢
Brdo, 114 m, 45°28°02.0”’N 15°37°45.3”E, Flutrinne im feuch-
ten Eichen-Hainbuchen-Wald, 23 Apr 2018, F.G. Dunkel, Du-
35724; 10559.4: Karlovac, silva Turanjski lug prope vicum Tu-
ranj, 115 m, 45°27°28”N 15°34°16”E, in silvis (Genisto elatae-
Quercetum), 26 Apr 1964, T. Wraber, LJU-10102543.

Due to sparse material a secure determination is not possible
but probable:

10162.3: Zagreb, Erzbischoflicher Park bei Agram = Park
Maksimir, Apr 1855, L. Farkas-Vukotinovié, M-0251588,
W-7459; Zagreb, Borongaj, 06 Apr 1903, D. Hirc, ZA; Zagreb,
Jurjarves, auf frischen Wiesen, 1855, J.C. Schlosser sub R. bina-
tus Kit., W-23565.

5.2.9 Ranunculus dobranus DUNKEL sp. nov.

Holotype: Croatia, Karlovac county, 10757.1, 1.8 km
w Ogulin, ndrdliches Dobra-Ufer an der Briicke zwischen
Puskari¢i und Sveti Petar, 320 m, 45°15‘35“N 15°13°24°E,
Flussufer, z.T. unter Biumen [northern bank of river Dobra, near
the bridge between Puskari¢i and Sveti Petar, riverside, partly
under trees], 22 Apr 2018, F.G. Dunkel 35327, ZA; isotypes Du-
35327. —Figs. 13, 14 & 41.

Description — Flowering shoot gracile to slim, 13-25 cm
tall, scape 0.8-2.0 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to modera-
tely patent (10-50°), flowers 1-4, enrichment shoots 0—1; basal
leaves 2—4 per rosette.
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Basal leaf cycle: aperture of the basal leaves wide-angled
(110-140°), at the second leaf truncated (170-200°); division
of all basal leaves pediform; leaf edge irregularly and coarsely
crenate-serrate, form constant over the whole cycle.

First basal leaf' 15-25 mm long, divided by the main incisi-
on (75-92%); middle lobe trapezoid with 35 teeth, lateral edge
straight to slightly concave; lateral segment cleft to divided by
the first lateral incision (55-75%), lobed to cleft by second late-
ral incision (30-65%), third lateral incision absent or up to 60%.

Second basal leaf'15-25 mm long, cleft by the main incision
(50-65%); middle lobe trapezoid (to deltoid) with 3-5 teeth, la-
teral edge straight to slightly concave; lateral segment undivided
or cleft by the first lateral incision (up to 55%).

Third basal leaf 25-35 mm long, cleft to divided by main
incision (55-85%); middle lobe (broadly) deltoid with 3—5 teeth,
lateral edge slightly convex to slightly concave; lateral segment
undivided.

Fourth basal leaf 2842 mm long, cleft to divided by main
incision (40-75%); middle lobe trapezoid (rectangle) to broadly
deltoid with 3-5 teeth, lateral edge straight to slightly concave;
lateral segment undivided.

Fifth basal leaf 30—40 mm long, lobed to cleft by main in-
cision (30-55%); middle lobe trapezoid (rectangle) to broadly
deltoid with 3-5 teeth, lateral edge straight to slightly concave;
lateral segment undivided.

Sixth basal leaf 30-42 mm long, lobed to cleft by main in-
cision (26-40%) or main incision absent; middle lobe — if pre-
sent — trapezoid to broadly deltoid with 3—5 teeth, lateral edge
straight; lateral segment undivided.

Seventh basal leaf 25-35 mm long, lobed to cleft by main
incision (26-45%) or main incision absent; middle lobe — if pre-
sent — trapezoid to broadly deltoid with 3—5 teeth, lateral edge
straight; lateral segment undivided.

Lowermost stem leaf divided into 5-9 segments, largest seg-
ment 20-40 mm long, 1.5-3.4 mm wide, narrowly lanceolate,
undivided, occasionally with 1 short or up to 10 mm long patent
tooth.

Petals 3-5(6), 9-12 mm long, 5-7 mm wide; androclini-
um 0.8—1.1 mm; receptacle ellipsoid to cylindrical, 2.0-3.0 mm
long, 1.3-2.0 mm wide, glabrous, intervallum absent, carpello-
phores 0.05-0.2 mm long; fruits 1.5-2.5 mm long, beak 0.6—1.1
mm long, uncinate.

Pollen quality — mediocre; 53.1% well developed (Ogulin,
holotype).

DNA-ploidy — unknown.

Distribution — known from the type locality close to Ogu-
lin.

Ecology — riverbanks, escarpments.

Etymology — refers to the type locality at the banks of the
river Dobra.

Vulnerability — endangered due to rarity.

Taxonomy — Among plants of R. austroslovenicus with nar-
rowly angled and mostly undivided basal leaves, concomitant R.
dobranus with wide-angled and divided leaves is conspicuous.
The leaf margins of both species are different: crenated or cre-
nate-serrate with teeth as long as wide in R. austroslovenicus

vs. acute teeth longer than wide in R. dobranus. Obviously, R.
dobranus like similar R. vinicae DUNKEL, developed from R.
austroslovenicus. However, mediocre pollen quality and a lower
number of petals argue for apomixis: R. dobranus could not be
a simple hybrid of R. austroslovenicus and some other species
else.

5.2.10 Ranunculus subcarniolicus DUNKEL,
Willdenowia 48(2): 249, 2018.

Holotype: Slovenia, Preddinarsko obmocje, 0053.2, Gro-
suplje, w des Ortes, ca. 150 m n der Ponova Vas, 250 m w des
Fliisschens Bi¢je, magere Wirtschaftswiese,[w of the village, 250
m w of the brook Bi¢je, nutrient-poor meadow], 45°56’46”N
14°38°54”E, 325 m, 08 Apr 2017, F.G. Dunkel 34772, LJU; iso-
types B, M, Du-34772. — Fig. 41, Tab. 1; Fig. 1, 14 & 15, Tab. 1
in DUNKEL & al. 2018.

Pollen quality — excellent; 97.6% well developed (isotype
Du-34772).

DNA-ploidy — 2x (Forest Jasikovac, Gospi¢, Du-34886).

Ecology — nutrient-poor meadows, moist hornbeam, and
alder forests alongside brooks.

Etymology — refers to Lower Carniola, southeastern part of
the historical Carniola region.

Distribution — Central Slovenia south of Ljubljana to sou-
theastern Slovenia around Sentjernej, southern border at the
Northern Velebit, region of Lika, close to Gospi¢ in Croatia.

Taxonomy — see DUNKEL & al. 2018. Since the description
in 2018, no further population has been found. Near Gospi¢ R.
subcarniolicus was already collected in 1895 and the (small) po-
pulation is still extant.

Specimens seen — Croatia, Zagreb County, 10262.1: Za-
greb zu Savicu, livade [along the river Savica, meadows],
45°46°30”N 16°01°30”E ca., 21 May 1951, I. Horvat. ZAHO
sub R. cf. subcarniolicus; Lika-Senj county, Lika, Gospi¢,
11458.3: Jasikovac nad Gospi¢, 04 May 1895, S. Gjurasin, ZA,;
ibidem, Waldgebiet Jasikovac, 380 m vom O-Rand, 450 m von
der S-Spitze, feuchter Quellbereich im Hainbuchen-Wald, 571
m, 44°31°45°“N 15°22°30“E, 10 Apr 2017, F.G. Dunkel, Du-
34886, Du-34887, Du-34930; ibidem, Waldgebiet Jasikovac 1,6
km s Briicke, 350 m vom O-Rand Eichen-Hainbuchen-Wald mit
Kiefern, 572 m, 44°31°47.5“N 15°22°32.4“E, 10 Apr 2017,
F.G. Dunkel, Du-34880.

5.2.e Ranunculus croaticola group (Fig. 42)

5.2.11. R. croaticola DUNKEL Sp. nov.

Holotype: Croatia, Slavonia, Sveti Ivan Zabno, Wald-
gebiet 1,5 km s Sv. Ivan, am E-Rand, 123 m, 45°55‘52“N
16°36°27“E, Eichen-Hainbuchenwald [forest 1,5 km s Sv. Ivan,
eastern edge, oak hornbeam forest], 11 Apr 2017, F.G. Dunkel
34896, ZA; isotypes GOET, M, Du-34896. — Figs. 15, 16 & 42,
Tab. 1.

Description — Flowering shoot slim to robust, 16-40 cm
tall, scape 1.8-3.3 mm in diameter, at the base reddish, terete,
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Fig. 13
basal leaves:

1a,3a-5a,7a: holotype
2b: Du-35327-1
6c: Du-35327-3

1d,3f,7f: Du-35327-2
2e,5b: Du-35327-1
49,6h: Du-35327-3

1¢,4d,5h: Du-35327-3
3i,6b,7e: Du-35327-1

A: Du-39609-6
B, C: holotype

Petals (A): 3-5(6)
beak of the fruit (B):
uncinate

receptacle (C): glabrous

cauline leaves:
(left to right)

Du-35327-2
Du-35327-3
Du-35327-1
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Ranunculus dobranus

Fig. 13 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus dobranus. The white bars in the figures of detail equal 2 mm.
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Fig. 14 — Holotype of Ranunculus dobranus (ZA).
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Fig. 15
1 @ & basal leaves:
g 1a—4a: Du-34901-1
a = 5b,6b: Du-34901-7

d 7c: holotype
1d,2d,7d: Du-34896-8
2 3e,4e: Du-34901-2
5f,6f: holotype
a e h
d 1g: Du-34901-1
2h,6h,7h: Du-34896-10
3i,4i: Du-34901-6
5j: Du-34901-2
a ] ¢

A, B, C: holotype
Petals (A): 0-3(5)
beak of the fruit (B):
straight to uncinate
7 receptacle (C): scarcely
9 pilose (++)
h

cauline leaves:
(left to right)

holotype
Du-34901-2
Du-34896-7

\

Ranunculus croaticola

Fig. 15 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus croaticola. The white bars in the figures of detail equal 2 mm.
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5cm

S

Fig. 16 — Holotype of Ranunculus croaticola (ZA).
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angle between the main and secondary axis suberect to patent
(15-70)°), flowers 1-4(5), enrichment shoots 0—1; basal leaves
24 per rosette.

Basal leaf cycle: base of the basal leaves V-formed to wide-
ly angled (95-140°); with the exception of basal leaf no. 4 and 5
all ones have a tendency to a trifid shape with a rather deep main
incision and almost undivided lateral lobes; leaf edge coarsely
and irregularly crenated at the first to third basal leaf, increasin-
gly acute crenate-serrate at the fourth to seventh basal leaf.

First basal leaf'16-32 mm long, cleft to divided by the main
incision (55-75%); middle lobe trapezoid to broadly deltoid
with 3-5 teeth, lateral edge slightly convex to straight; lateral
segment undivided.

Second basal leaf 25-35 mm long, divided by the main inci-
sion (66-98%); middle lobe deltoid to spatulate with 3—7 teeth,
lateral edge slightly concave to straight; lateral segment undivi-
ded.

Third basal leaf 30—45 mm long, divided by main incision
(92-97%); middle lobe deltoid to spatulate, with 3—7(9) teeth,
occasionally irregularly tricleft with incisions up to 35%, lateral
edge slightly concave to straight; lateral segment lobed to cleft
by first lateral incision (30-65%).

Fourth basal leaf 45-60 mm long, dissected by main inci-
sion, stalked up to 2 mm; middle lobe deltoid, with 5-9 teeth,
usually irregularly tricleft with incisions up to 50%, lateral edge
slightly concave to straight (or slightly convex); lateral segment
divided by first lateral incision (70-85%), lobed to cleft by se-
cond lateral incision (26—35%).

Fifth basal leaf 44-55 mm long, divided by main incision
(94-99%); middle lobe irregularly (narrowly deltoid to) deltoid
with 5-7 teeth, occasionally irregularly tricleft with incisions up
to 33%, lateral edge slightly concave to straight; lateral segment
cleft to divided by first lateral incision (50-85%), second lateral
incision absent or up to 30%.

Sixth basal leaf 40-55 mm long, divided by main incisi-
on (92-98%); middle lobe deltoid, with 5-9 teeth, lateral edge
slightly concave to slightly convex; lateral segment lobed to
cleft by first lateral incision (30-50%).

Seventh basal leaf 33—-50 mm long, divided by main inci-
sion (66-90%); middle lobe deltoid to spatulate with 7-9 teeth,
lateral edge slightly convex to slightly concave; lateral segment
undivided.

Lowermost stem leaf divided into 5—7 segments, largest seg-
ment 30-55 mm long, 3-5(12) mm wide, lanceolate, rarely nar-
rowly deltoid, usually undivided, or rarely with 1-2 teeth.

Petals 2-5, 8—11 mm long, 6-9 mm wide; androclinium
0.6-0.9 mm; receptacle (globose to) ellipsoid, 2.4-3.8 mm
long, 1.6-2.0 mm wide, scarcely pilose (++), intervallum short
(10-20%), carpellophores 0.25-0.5 mm long; fruits 1.7-2.3 mm
long, beak 0.5-0.8 mm long, straight to uncinate.

. Pollen quality — good; 68.5% well developed (Sveti Ivan
Zabno, holotype).

DNA-leoidy — 4x (Daruvar, Du-34911; Slatina, Du-36631;
Sveti Ivan Zabno, holotype).

Distribution — scattered in Northern Croatia, in the histori-

cal region Slavonia, north and northeast to east of Zagreb, east-
ward at least to Daruvar.

Ecology — hornbeam and oak-hornbeam forests, in parks.

Etymology — refers to the occurrence in Croatia. At the
Herbarium of Zagreb (ZA), most specimens of the R. auricomus
complex from Croatia belong to this species.

Vulnerability — not endangered due to populations in fo-
rests.

Taxonomy — Morphologically and ecologically, R. croa-
ticola presents a widespread morphotype of Northern Croatia,
from Zagreb to Osijek and Slavonski Brod. Even in the adja-
cent area of Hungary similar species are common, they always
grow gregariously in more or less humid hornbeam forests. R.
croaticola is morphologically similar to R. frilobatoides DUN-
KEL (2022) of Saxony, Germany, however, in Slovenia no such
taxa are found. In southwestern Hungary and northern Croatia
seems to be a hot spot of speciation of this morphotype. With
the exception of at least some populations of R. slavonianus (see
below), they are all tetraploid and obviously apomictic due to
pollen morphology (Tab. 1).

The leaf cycle is rather homophyllous and characterized by
a wide-angled aperture at the base and an irregularly, coarsely
crenate-serrate leaf edge. The main incision of the basal leaves
is always deep and present, thus forming trilobed or tricleft pat-
terns.

Specimens seen — Croatia, Slavonia, Krapina-Zagorje
County, 9961.3: Zabok, Veliko Trgovisée, 46°00° N 15°51°30”E,
u Sumi vlazno tlo [humid forest], 05 Apr 1968, H. Veledar, ZA —
looked for in vain; Zagreb County, 10060.4: Hrvatsko Zagorje,
Pusca Bistra, Pojatno, u Sumi johe [in alder forest], 45°54’15”N
15°48” 07”W ca., 17 Apr 1948, 1. Horvat, ZAHO, 12 speci-
mens; Koprivnica-Krizevci County, 10065.2: Sveti Ivan Zabno,
Rencevice (= Rencevica), 130 m, 45°57°02”N 16°37°26”E,
02 May 1997, S. Car, ZA; 10065.3: Sveti Ivan Zabno, Wald-
gebiet 2,5 km SW Sv. Ivan, w Skrinjari, 155 m, 45°55°49”’N
16°34°52”E, Eichen-Hainbuchenwald, 11 Apr 2017, Du-34900;
10065.4: Sveti Ivan Zabno, 1,5 km S Sv. Ivan, am E-Rand des
Waldgebietes, 123 m, 45°55°52”°N 16°36°27”’E, Eichen-Hain-
buchenwald, 11 Apr 2017, F.G. Dunkel, Du-34895; ibidem,
Sveti Ivan Zabno, Waldgebiet 3 km s Sv. Ivan, o Zabnica ulica,
117 m, 45°55°00”N 16°36°29”E, Eichen-Hainbuchenwald, 11
Apr 2017, F.G. Dunkel, Du-34901; Bjelovar-Bilogora County,
10167.4: Drljanovac, an der N 28 zwischen Drljanovac und Bu-
linac, 1,5 km NO Drljanovac, 120 m, 45°4829°“N 16°59°43“E,
Wirtschaftswiese, 11 Apr 2017, F.G. Dunkel, Du-34082; ibidem,
cultivated, 27 Apr 2018, F.G. Dunkel, Du-35136; 10469.1: Da-
ruvar, u gradskom perivoju prema Zzeljeznickoj pruzi Cest [in
town park at railway line], 180 m, 45°35°44“E 17°13‘39“N, 16
Apr 1943, V. Loschnigg, ZA; Daruvar, nahe Stadtpark, so der
Therme, o der Stadtbahn, 173 m, 45°35°45°N 17°13°42°E, Ei-
chen-Hainbuchen-Wald, 11 Apr 2017, F.G. Dunkel, Du-34912,
partly vergens ad R. poldinioides; Virovitica-Podravina Coun-
ty, 10272.4: Slatina, 2,3 km so Medinci, 113 m, 45°43°08“N
17°45°50%, Eichen-Hainbuchenwald, 12 Apr 2019, F.G. Dun-
kel, Du-36631; ibidem, cultivated, 13 Apr 2020, F.G. Dunkel,
Du-37257; ibidem, cultivated, 26 Apr 2021, F.G. Dunkel, Du-
38294; ibidem, Medinci, s D34, o Medinci, sso VraneSevci,
105 m, 45°44°35“N 17°4823“E, Hainbuchen-Wald, 15 Apr
2022, F.G. Dunkel, Du-40439; Medinci, s D34, o Medinci, sso
VraneSevci, 110 m, 45°43°34“N 17°45°25°, Hainbuchen-Wald,
15 Apr 2022, F.G. Dunkel, Du-40440.
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5.2.11 Ranunculus dravus DUNKEL sp. hov.

Holotype: Croatia, Podravina, 9868.4, Purdevac, n Repas,
109 m, 46°08°35“N 17°05°11“E, feuchter Hainbuchenwald
[humid hornbeam forest], 29 Apr 2023, F.G. Dunkel 41731, ZA;
isotypes GOET, M, Du-41731. — Figs. 17, 18 & 42.

Description — Flowering shoot slim to robust, 20-50 cm
tall, scape 1.2-3.5 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to mode-
rately patent (10-50°), flowers 1-6, enrichment shoots 0—1(2);
basal leaves 2—5(6) per rosette.

Basal leaf cycle: leaf edge irregularly crenated at the first,
deeply and irregularly crenated to crenated-serrate at the second
basal leaf, at the third to seventh leaf margin irregularly and de-
eply crenate-serrate.

First basal leaf 20—40 mm long, narrow-angled to V-formed
at base (30-90°), cleft to divided by the main incision (40—80%);
middle lobe trapezoid to spatulate with 3—7 teeth, lateral edge
slightly convex to slightly concave; lateral segment undivided.

Second basal leaf 30-45 mm long, narrow-angled at base
(40-70°), cleft to divided by the main incision (60—95%); midd-
le lobe deltoid to spatulate with 4-9 teeth, lateral edge slightly
convex to slightly concave; lateral segment undivided.

Third basal leaf 40—65 mm long, narrow-angled to V-for-
med at the base (40—100°), divided to dissected by main incision
(90-100%); middle lobe deltoid to spatulate, with 9-13 teeth,
lateral edge straight to slightly concave; lateral segment cleft by
first lateral incision (40-65%), lobed to cleft by second lateral
incision (26-50%).

Fourth basal leaf 45-65 mm long, widely angled at the base
(130-150°), dissected by main incision, occasionally stalked up
to 2 mm; middle lobe rhomboid to oblanceolate, with 9—13 teeth,
lateral edge slightly convex to straight; lateral segment divided
by first lateral incision (80-98%), cleft by second lateral incision
(35-65%), third lateral incision absent or up to 33%.

Fifth basal leaf 45—65 mm long, narrow-angled at the base
(40-80°), divided to dissected by main incision (94—100%);
middle lobe deltoid to spatulate with 9—11 teeth, occasional-
ly stalked u to 2 mm, lateral edge slightly convex to slightly
concave; lateral segment cleft to divided by first lateral incision
(50-75%), second and third lateral incision absent or up to 45%,
and 33%, respectively.

Sixth basal leaf 45—65 mm long, narrow-angled at the base
(10-50°), divided by main incision (85-98%); middle lobe del-
toid to spatulate with 9—15 teeth, lateral edge slightly convex to
slightly concave; lateral segment undivided or first lateral inci-
sion up to 45%.

Seventh basal leaf 30-55 mm long, narrowly angled to V-
formed at the base (40-90°), cleft to divided by main incision
(40-92%); middle lobe trapezoid or deltoid with 7-13 teeth,
lateral edge slightly concave to straight; lateral segment undi-
vided.

Lowermost stem leaf divided into 5—7 segments, largest seg-
ment 25-70 mm long, occasionally stalked, 1.5-15 mm wide,
lanceolate or narrowly deltoid, (undivided or) with 1-6 teeth,
obtuse.

Petals 2—4, 7-12 mm long, 6-9 mm wide; androclinium
0.5-0.8 mm; receptacle cylindrical, 3.0-6.5 mm long, 1.5-2.3

mm wide, glabrous, intervallum absent, carpellophores 0.10—
0.25 mm long; fruits 1.6-2.2 mm long, beak 0.6—1.2 mm long,
straight to uncinate.

Pollen quality — good; 75.4% well developed (Repas, iso-
type Du-41731-1).
DNA-Ploidy — not known.

Distribution — known from the type locality near Purdevac
close to river Drava and scattered on the other side of the stream
in Sellye District, Baranja County, Hungary.

Ecology — (humid) hornbeam forests.
Etymology — refers to the nearby river Drava.
Vulnerability — not endangered.

Taxonomy — R. dravus is a typical representative of the R.
croaticola group. It is more heterophyllous and characerized by
a change of the angle at the base of the blade. The fourth leaf is
widely angled — angle more than 130° — and all other leaves bear
an aperture of atmost 75°, rarely 90°. Characteristic is an irre-
gular coarse leaf edge and a spatulate middle lobe; only in the
fourth leaf, it is thomboid to oblanceolate. The glabrous recep-
tacle possesses a cylindrical form with a length of up to 6.5 mm.
A short visit at the adjacent Hungarian region, demonstrated that
R. dravus is present there, too, and it seems to occur frequently
at the northern side of the Drava in hornbeam forests.

Specimens seen — Hungary, Baranja County, 9972.3: Na-
gydobsza, Waldgebiet s Nagydobsza, n der Bahn, nahe Weg zur
Bahniiberquerung Kisdobsza, 120 m, 46°01°01”N 17°39°42”’E,
Hainbuchen-Wald, 14 Apr 2022, F.G. Dunkel, Du-40434 (pa-
ratypes); Croatia, Podravina, 9868.4, Purdevac, n Repas, 109
m, 46°08°35”N 17°05°11”E, feuchter Hainbuchenwald [humid
hornbeam forest], 29 Apr 2023, F.G. Dunkel, ZA, GOET, M,
Du-41731 (isotypes).

5.2.13 Ranunculus slavonianus DUNKEL sp. nov.

Holotype: Croatia, Slavonia, Virovitica-Podravina Coun-
ty, 10272.4, Medinci, sso VraneSevci, 105 m, 45°44° 35“ N
17°48°23“E, Hainbuchen-Wald [hornbeam forest], 15 Apr 2022,
F.G. Dunkel 40439, ZA; isotypes GOET, M, Du-40439. — Figs.
19, 20 & 42, Tab. 1.

Description — Flowering shoot slim, 22-38 cm tall, scape
1.2-2.5 mm in diameter, at the base reddish, terete, angle bet-
ween the main and secondary axis suberect to patent (15-50°),
flowers 1-5, enrichment shoots 0—1; basal leaves 1-5 per rosette.

Basal leaf cycle: leaf edge irregularly and coarsely crenate-
serrate.

First basal leaf 20-35 mm long, narrow-angled at the base
(50-70°), undivided or occasionally lobed to cleft by the main
incision (26-50%), if main incision present middle segment
with 3-5 teeth, lateral edge straight to slightly convex, lateral
segment undivided.

Second basal leaf 25-38 mm long, narrowly to widely an-
gled at the base (50-120°), cleft by the main incision (35-65%);
middle lobe broadly deltoid to trapezoid with 3-5 teeth, lateral
edge slightly convex to slightly concave; lateral segment undi-
vided.

Third basal leaf 30-45 mm long, narrow-angled to V-for-
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Fig. 17
basal leaves:

1a,2a: Du-41731-7
3b,4b: Du-41731-6
5¢,6¢: Du-41731-14
7d: Du-41731-32

1e: Du-41731-11

2f: Du-41731-5
39,49,5g9: Du-41731-8
6h: Du-41731-1

7i: Du-41731-19

1f: Du-41731-5
2j,3j,5j: Du-41731-4
4k: Du-41731-14
6g: Du-41731-8

71: Du-41731-21

A, B, C: Du-41731-1
(isotype)

Petals (A): 0(-2)
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)
Du-41731-27
Du-41731-5

Ranunculus dravus

Fig. 17 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus dravus. The white bars in the figures of detail equal 2 mm.
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Fig. 18 — Holotype of Ranunculus dravus (ZA).
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Fig. 19

basal leaves:

1a-4a: holotype
5b: Du-40439-16
6¢c: Du-40439-11
7d: Du-40439-1

1e-3e: Du-40439-15
4f: Du-40439-13
5g: Du-40439-9
6h,7h: Du-40439-7

1i,2j,3},6j: Du-40439-15
4k,5k: Du-40439-12
7a: holotype

A, B, C: holotype

Petals (A): 5

beak of the fruit (B):
uncinate to involuted
receptacle (C): glabrous

cauline leaves:
(left to right)

Du-40439-8
Du-40439-11
holotype

Ranunculus slavonianus

Fig. 19 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus slavonianus. The white bars in the figures of detail equal 2 mm.
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Fig. 20 — Holotype of Ranunculus slavonianus (ZA)
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med at the base (50-100°), irregularly divided by main incision
(75-85%); middle lobe deltoid (to spatulate), with 4-7 teeth, la-
teral edge slightly convex to slightly concave; lateral segment
cleft by first lateral incision (35-65%), second lateral incision
absent or up to 33%.

Fourth basal leaf'35-50 mm long, narrow-angled at the base
(15-75°), divided by the main incision (92-99%); middle lobe
irregularly deltoid with 3-7 teeth, lateral edge slightly conca-
ve to straight; lateral segment divided by first lateral incision
(66—80%), cleft by second lateral incision (35-50%).

Fifth basal leaf 30—40 mm long, narrow-angled to V-for-
med at the base (60—100°), divided by main incision (70-95%);
middle lobe irregularly narrowly deltoid to deltoid with 5-7
teeth, lateral edge straight to slightly concave; lateral segment
undivided or occasionally lobed to cleft by the fist lateral incisi-
on (26-55%),).

Sixth basal leaf 30—45 mm long, narrowly angled at the base
(10-30°), cleft to divided by the main incision (60—85%); midd-
le lobe deltoid, with 57 teeth, lateral edge slightly concave to
straight; lateral segment undivided.

Seventh basal leaf 30-50 mm long, narrowly angled at the
base (20—40°), undivided or cleft by main incision (50-60%);
middle lobe if present, deltoid with 5-7 teeth, lateral edge
straight; lateral segment undivided.

Lowermost stem leaf divided into 7 segments, largest seg-
ment 35-55 mm long, 2.5-5 mm wide, linear to narrowly lan-
ceolate, undivided or with one up to 10 mm long tooth.

Petals 5, 9—-11 mm long, 810 mm wide; androclinium
0.6-0.8 mm; receptacle ellipsoid, 2.8-3.5 mm long, 1.8-2.5
mm wide, glabrous, intervallum short (10—-15%), carpellophores
0.10-0.25 mm long; fruits 1.8-2.3 mm long, beak 0.6—1.2 mm
long, uncinate to involuted.

Pollen quality — good; 90.4% well developed (Medinci,
holotype).

DNA-ploidy — 2x (Medinci, holotype).
Distribution — known from the type locality near Medinci.
Ecology — hornbeam forests, brushes (Salicion cinereae).

Etymology — refers to the type locality in Slavonia, an ea-
stern part of Croatia.

Vulnerability — endangered due to rarity and deforestation.

Taxonomy — the type locality is situated in hornbeam fo-
rests close to Medinci. Complete flowers, well developed pollen
grains and flow cytometry measurements argue for a diploidy
and amphimixis of the type population. R. slavonianus is cha-
racterised by almost undivided first and seventh leaves with a
narrow-angled base und coarsely crenate-serrate leaf edge. R.
croaticola has final leaves with a wide-angled base. Morpholo-
gically, it is close to R. mediocompositus DUNKEL which is diffe-
rent by deeper incisions of the first four basal leaves. In the case
of R. mediocompositus, a local on-site-hybridization of the di-
ploids R. austroslovenicus and perhaps R. peracris is quite pos-
sible. Here, no other diploid species occurs together. Therefore,
a hybrid origin is not derivable. Sometimes single concomitant
plants with a V-formed base of the final leaves are not easy to
classify (triploids?), but R. slavonianus should be restricted to
diploid plants with complete flowers. Since sexual and apomictic
populations grow together in the same area, R. slavionianus is an

interesting model fiir studying the phylogenetic development in
this complex.

Specimens seen — Croatia, Sisak-Moslavina County,
10667.1: Lipovljani, Fakultetska Suma Lipovljani u sastojini
Querceto-Genistetum, 45°23°45”N 16°53’34”E ca., 11 May
1960, 1. Horvat, ZAHO sub R. cf. slavonianus.

5.2.14 Ranunculus slavopontinus DUNKEL sp. nov.

Holotype: Croatia, Slavonia, Brod County, 10775.4, Sla-
vonski Brod, oberhalb und w des Sees Ljeskove vode, Ende der
Strafe 4187, n Slavonski Brod, nahe des kleinen Weges 300 m
w des Sees [above and w Lake Ljeskove vode, at the end of
road 4187, north of Slavonski Brod, close to the path 300 m w
of the lake, clear oak hornbeam forest], 245 m, 45°14°32.0°“N
18°05°06.1°E, lichter Eichen-Hainbuchen-Wald, 20 Apr 2022,
F.G. Dunkel 40558, ZA; isotypes GOET, M, Du-40558. — Figs.
21,22 & 42, Tab. 1.

Description — Flowering shoot slim to robust, 2848 cm
tall, scape 1.2-3.3 mm in diameter, at the base reddish, terete,
suberect to moderately patent, angle between the main and se-
condary axis (10-50°), flowers 2—7, enrichment shoots 0-2; ba-
sal leaves 1-5 per rosette.

Basal leaf cycle: leaf edge irregularly crenated at the first
and second basal leaf, irregularly crenate-serrate at the third to
seventh basal leaf, crenated teeth increasingly acute.

First basal leaf 20-38 mm long, narrow-angled at base
(40-80°), divided by the main incision (66-95%); middle lobe
deltoid to spatulate with 3—7 crenated teeth, lateral edge slightly
convex to slightly concave; lateral segment undivided or lobed
to cleft by the first lateral incision (up to 50%).

Second basal leaf 25—40 mm long, narrow-angled to wide-
angled at base (70-120°), divided by the main incision (70—
90%); middle lobe deltoid to spatulate with 5-7(9) teeth, lateral
edge straight to slightly concave; lateral segment undivided or
cleft by the first lateral incision (35-55%).

Third basal leaf 30-40 mm long, widely angled at the base
(110-150°), divided to dissected by main incision (98—100%);
middle lobe deltoid (to spatulate), usually petiolated up to 4 mm,
with 7-11 teeth, usually irregularly tricleft with incisions up to
40%, lateral edge straight to slightly concave; lateral segment
cleft to divided by first lateral incision (55-80%), cleft by se-
cond lateral incision (33-55%), lobed to cleft by third lateral
incision (26-50%).

Fourth basal leaf 33—50 mm long, widely angled at the base
(110-170°), divided to dissected by main incision (98—100%),
occasionally stalked up to 2 mm; middle lobe thomboid to del-
toid, with 5-11 teeth, lateral edge slightly convex to straight;
lateral segment cleft by first lateral incision (55-65%), second
lateral incision absent or up to 40%, third lateral incision absent
or up to 30%.

Fifth basal leaf 35-55 mm long, narrow-angled at the base
(40-70°), divided by main incision (90-99%); middle lobe
deltoid with 7-9 teeth, lateral edge slightly convex to slightly
concave; lateral segment cleft to divided by first lateral incision
(50-70%), cleft by second lateral incision (40-55%), third late-
ral incision absent or up to 30%.
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Fig. 21
basal leaves:

1a,2a,4a: Du-40558-7
3b: Du-40558-5

5c: Du-40558-2
6d,7d: Du-40558-10

1e-3e: Du-40558-20
4f,6f,7f: Du-40558-4
5d: Du-40558-10

19,3g: Du-40558-19
2f: Du-40558-4

4h: Du-40558-5

5i: Du-40558-1
6a,7a: Du-40558-7

A, B: holotype
C: Du-40558-6 (isotype)

Petals (A): 5

beak of the fruit (B):
uncinate to involuted
receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-40558-11
Du-40558-15

Ranunculus slavopontinus

Fig. 21 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus slavopontinus. The white bars in the figures of detail equal 2 mm.
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Fig. 22 — Holotype of Ranunculus slavopontinus (ZA).
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Sixth basal leaf'35-50 mm long, V-formed to widely angled
at the base (80-120°), cleft to divided by main incision (50—
85%); middle lobe (broadly) deltoid, with 7 teeth, lateral edge
slightly convex to slightly concave; lateral segment undivided.

Seventh basal leaf 30-50 mm long, narrowly to widely an-
gled at the base (60-110°), undivided or lobed to cleft by main
incision (26—-66%); middle lobe, if present, deltoid with 7 teeth,
lateral edge slightly concave to straight; lateral segment undivi-
ded.

Lowermost stem leaf divided into (5-)7 segments, largest
segment 35-70 mm long, 2.5-7 mm wide, narrowly oblanceola-
te, undivided or occasionally with 1-2 patent up to 15 mm long
teeth.

Petals 2-5, 8—13 mm long, 5-9 mm wide; androclinium
0.4-0.6 mm; receptacle (ellipsoid to) cylindrical, 4.0-5.2 mm
long, 1.2-1.8(2.0) mm wide, glabrous, intervallum absent, car-
pellophores 0.25-0.4 mm long; fruits 2.8-3.5 mm long, beak
0.4-0.8 mm long, uncinate to involuted.

Pollen quality — mediocre; 55.9% well developed (Slavon-
ski Brod, holotype).

DNA-ploidy — not known.

Distribution — known from the type locality north of Sla-
vonski Brod.

Ecology — oak hornbeam forests.
Etymology — refers to Slavonski Brod.
Vulnerability — potentially endangered due to rarity.

Taxonomy — R. slavopontinus is morphologically close to
R. croaticola, and 1 thought of putting it into the synonymy of
R. croaticola. But there are some morphological differences: the
first four leaves of the basal leaf cycle are similar to R. croatico-
la, in R. slavoponinus the fifth leaf is narrow-angled at the base,
its circumference is orbicular with radial incisions vs. wide-an-
gled leaf with a pediform division. The seventh leaf of R. croati-
cola differs by deeper main incision (66—90% vs. 10-66%) and
a coarser leaf edge. The receptacle is at least scarce pilose and
almost orbicular in R. croaticola, and glabrous and cylindrical
in R. slavopontinus. In addition to that, R. slavopontinus grows
isolated near Slavonski Brod, 50 km south of the closest popu-
lations near Slatina. To my opinion, this all together deserves a
description of this taxon.

5.2.15 Ranunculus posavinanus DUNKEL sp. nov.

Holotype: Croatia, Brod-Posavinan county, 10872.4, Be-
brina, zwischen [between] Bebrina und Stupnicki Kuti, w der
Stralle 4205, Graben, Waldrand, feuchter Hainbuchenwald [w
of the road 4205, ditch, forest edge, humid oak hornbeam fo-
rest], 88 m, 45°06°54“N 17°49‘09“E, 27 Apr 2022, F.G. Dun-
kel 40465, ZA (consisting of one individual currently mounted
on two sheets clearly labelled as parts of the same preparation);
isotypes Du-40465. — Figs. 23, 24 & 42, Tab. 1.

Description — Flowering shoot slim to robust, 22-50 cm
tall, scape 1.2-4.0 mm in diameter, at the base reddish, terete,
suberect to moderately patent, angle between the main and se-
condary axis (15-50°), flowers 3—10, enrichment shoots 0—1;
basal leaves 14 per rosette.

Basal leaf cycle: leaf edge irregularly crenated and crenate-
serrate at the first to third basal leaf, irregularly crenate-serrate
to serrate at the fourth to seventh basal leaf, crenated teeth incre-
asingly acute.

First basal leaf 22—40 mm long, aperture closed to V-formed
at base (0-90°), lobed to divided by the main incision (30-90%);
middle lobe trapezoid to deltoid with 5-9 crenated teeth, lateral
edge slightly convex to straight; lateral segment undivided.

Second basal leaf 24-40 mm long, narrow-angled to V-for-
med at base (15-100°), divided by the main incision (75-92%);
middle lobe deltoid to spatulate with 7-9 teeth, lateral edge
slightly convex to slightly concave; lateral segment undivided or
lobed to cleft by the first lateral incision (26—55%).

Third basal leaf 30—48 mm long, narrow-angled to V-for-
med at the base (50—100°), divided by main incision (92-99%);
middle lobe deltoid to spatulate, with 7-9 teeth, lateral edge
slightly convex to slightly concave; lateral segment cleft to di-
vided by first lateral incision (50-80%), second and third lateral
incision absent or up to 35%, and 33%, respectively.

Fourth basal leaf 5060 mm long, narrow-angled at the base
(5-30°), divided by main incision; middle lobe narrowly deltoid
with 5-7 teeth, lateral edge slightly concave to straight; lateral
segment divided by first lateral incision (66-90%), cleft to divi-
ded by second lateral incision (35-75%), lobed to cleft by third
lateral incision (28—45%), fourth lateral incision absent or up to
30%.

Fifth basal leaf 5670 mm long, narrow-angled at the base
(45-60°), divided to dissected by main incision (95-100%);
middle lobe irregularly narrowly deltoid with 3—5 elongated
teeth, occasionally with incisions up to 40%, lateral edge more
or less straight; lateral segment divided by first lateral incision
(70-90%), cleft to divided by second lateral incision (55-70%),
cleft by third lateral incision (33—45%), lobed by fourth lateral
incision 26-32%).

Sixth basal leaf 35-50 mm long, narrow-angled to V-formed
at the base (55-90°), divided by main incision (85-99%); middle
lobe narrowly deltoid with 3—5 teeth, lateral edge straight; lateral
segment cleft to divided by first lateral incision (55-80%), lobed
to cleft by second lateral incision (26-50%), third and fourth
lateral incision absent or up to 45%, and 35%, respectively.

Seventh basal leaf 35-50 mm long, narrowly angled to V-
formed at the base (50—100°), divided by main incision (90—
98%); middle lobe deltoid, with 5-9 teeth, lateral edge slightly
concave to straight; lateral segment undivided or lobed to cleft
by first lateral incision (26—65%).

Lowermost stem leaf divided into 7(-9) segments, largest
segment 35—-70 mm long, 2.5-5(7) mm wide, linear to narrowly
lanceolate, usually undivided, rarely with one (long) tooth.

Petals 0-3(5), 8—11 mm long, 7-10 mm wide, orbicular; an-
droclinium 0.25-0.4 mm; receptacle ellipsoid, 6.0-8.0 mm long,
3.0-4.0 mm wide, glabrous, intervallum absent, carpellophores
0.05-0.15 mm long; fruits 1.9-2.7 mm long, beak 0.6—1.2 mm
long, straight to involuted.

Pollen quality — mediocre;
(Stupnicki Kuti, isotype Du-40465-7).
DNA-ploidy — 4x (Stupnicki Kuti, isotype Du-40465).

Distribution — known from the type locality close to Bebri-
na, Brod-Posavina County.

42.1% well developed
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Fig. 23
basal leaves:

1a: Du-40465-11
2b,3b: Du-40465-1
4c: Du-40465-2
5d: Du-40465-3
6e: Du-40465-5
7f: Du-40466-10

1g-3g: Du-40465-2
4b,6b: Du-40465-1
5h: Du-40465-9

7i: Du-40465-7
1j,4j,7j: Du-40466-4
2k,3k,6k: Du-40465-4
5l: Du-40465-11

A, B, C: holotype

Petals (A): 0(-2)
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-40465-17
Du-40465-2
Du-40465-15

Ranunculus posavinanus

Fig. 23 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus posavinanus. The white bars in the figures of detail equal 2 mm.
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Fig. 24 — Holotype of Ranunculus posavinanus (ZA); image composed of the elements mounted on the two sheets of the holotype preparation.
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Ecology — humid hornbeam forests, forest edges, and dit-
ches.

Etymology — refers to the type locality in Brod-Posavina
County (Croatioan: Brodsko-posavska zupanija), the southern
Slavonian County of Croatia.

Vulnerability — potentially endangered due to rarity and de-
forestation.

Taxonomy — due to the morphology with incomplete flowers
and the results of flow cytometric measurements, R. posavinanus
should be a tetraploid taxon. Morphologically, it is characterised
by narrowly deltoid middle segments of the fourth to sixth basal
leaf. This results in a wide-angled main incision of 45-60°. The
fruiting plants bear a large ellipsoid receptacle of 6-8 mm length
without hairs and short carpellophores (0.05-0.15 mm).

5.2.16 Ranunculus turopoljensis DUNKEL sp. nov.

Holotype: Croatia, Zagreb County, Turopolje, 10361.1,
Kupinecki Kraljevec, Franje, Verlangerung der Franje ulica,
nahe Waldrand [prolongation of Franje ulica, near forest edge],
160 m, 45°39°52“N 15°50‘25“E, Senken und Bachrand im
feuchten Hainbuchen-Wald (Carpinetum pseudostellarietum)
[troughs and brookside in humid hornbeam forest], 10 Apr 2017,
F.G. Dunkel 34904, ZA; isotypes GOET, M, Du-34904. — Figs.
25,26, 42, tab. 1.

Description — Flowering shoot gracile to slim, 18-38 cm
tall, scape 0.9-3.0 mm in diameter, at the base reddish, terete,
suberect to moderately patent, angle between the main and se-
condary axis (10-50°), flowers 1-4, enrichment shoots 0—1; ba-
sal leaves 1-3 per rosette.

Basal leaf cycle: leaf edge crenated at the first basal leaf, at
the following basal leaves very irregularly, crenate-serrate with
crenated teeth increasingly acute.

First basal leaf 25-40 mm long, narrow-angled at base (40—
60°), undivided or cleft by the main incision (40-55%%); middle
lobe if present trapezoid with 5-7 crenated teeth, lateral edge
straight; lateral segment undivided.

Second basal leaf 30-50 mm long, V-formed at the base
(80-100°), cleft by the main incision (35-55%); middle lobe tra-
pezoid (to deltoid) with 57 teeth, lateral edge straight to slightly
concave; lateral segment undivided.

Third basal leaf 30—50 mm long, narrow-angled to V-formed
at the base (60-90°), divided by main incision (90-96%); midd-
le lobe deltoid with 5-11 teeth, lateral edge straight to slightly
concave; lateral segment cleft to divided by first lateral incision
(60—75%), lobed to cleft by second lateral incision (26-40%).

Fourth basal leaf 40-50 mm long, narrow-angled at the
base (40-60°), dissected by main incision, stalked up to 15 mm;
middle lobe deltoid to spatulate, with 15-21 teeth, lateral edge
straight to slightly concave; lateral segment occasionally stalked
up to 12 mm, cleft to divided by first lateral incision (60—80%),
lobed by second lateral incision (26—32%)).

Fifth basal leaf 40-55 mm long, widely angled at the base
(110-140°), divided to dissected by main incision, occasionally
stalked up to 2 mm; middle lobe irregularly (narrowly) deltoid
with 9—11 teeth, lateral edge straight to slightly concave; lateral

segment divided by first lateral incision (40-85%), cleft by se-
cond lateral incision (33-40%), lobed by third lateral incision
(26-30%).

Sixth basal leaf 35-50 mm long, V-formed at the base (80—
100°), divided by main incision (66—80%); middle lobe deltoid
with 7-9 teeth, lateral edge straight; lateral segment undivided.

Seventh basal leaf 30—45 mm long, widely angled at the
base (115-140°), undivided.

Intermediate leaves: in large plants, occasionally occur
intermediate leaves: 35-50 mm long, wide-angled at the base
(130-150°), divided to dissected by main incision (98—100%);
middle lobe narrowly deltoid to deltoid with 5-9 teeth, leaf edge
slightly concave to shlightly convex; lateral lobe cleft to dissec-
ted by first lateral incision (50—100%), second lateral incision
absent or up to 55%.

Lowermost stem leaf divided into 5-9 segments, largest seg-
ment 25-50 mm long, 4-8(12) mm wide, narrowly oblanceolate
to oblanceolate or narrowly deltoid, occasionally stalked, rarely
undivided, usually with 1-8 teeth of variable length.

Petals 0-3, 7-10 mm long, 68 mm wide; androclinium
0.4-0.6 mm; receptacle almost globose to ellipsoid, 3.0-4.0
mm long, 2.4-3.0 mm wide, glabrous, intervallum absent, car-
pellophores 0.25-0.35 mm long; fruits 2.2-2.8 mm long, beak
0.7—1.5 mm long, straight to uncinate.

Pollen quality — bad; 26.5% well developed (Kupinecki
Kraljevec, holotype).

DNA-ploidy — 4x (Kupinecki Kraljevec, isotype Du-
34904).

Distribution — known from the type locality south of
Kupinecki Kraljevec and nearby Lekenik, a village of the Sisak-
Moslavina County.

Ecology — humid deciduous forests, especially hornbeam
forests, Carpinetum pseudostellarietum.

Etymology — refers to the type locality at Turopolje, a re-
gion in Croatia between the capital city Zagreb, Sisak, and Kar-
lovac. The name is deduced from Croatian and Old Slavic word
Tur ‘aurochs’ (Bos primigenius), a type of wild cattle present in
the area during the Middle Ages.

Vulnerability — potentially endangered due to rarity.

Taxonomy — Bad pollen quality and incomplete flowers
indicate tetraploidy for R. turopoljensis. It represents a typical
member of the R. croaticola group. It has widely angled apertu-
res of the final leaves, similar to R. croaticola and R. slavopon-
tinus, and different from R. dravus and R. slavonianus. The leaf
cycle is very heterophyllous, the leaves are variable. Only at R.
turopoljensis, the middle lobes are occasionally stalked up to 10
mm. The leaf margin is rather finely crenato-serrate to serrate,
herein it differs from R. croaticola. The spring leaves are foot-
like divided (pedatilobed), correspondingly this taxon lacks the
fifth basal leaf of R. slavopontinus with radial incisions, in the
latter the receptacle is cylindrical, in R. turopoljensis ellipsoid.
In the Ranunculus auricomus complex, the form of the beaks of
the nutlets normally varies and is not a good character, but it is
conspicuoulsly straight in R. turopoljensis. At present, two po-
pulations are known at the western edge of the distribution area
of the R. croaticola group.
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Fig. 25
basal leaves:

1a,2a: Du-34904-13
3b: Du-34904-9
4c,5¢: Du-34904-1
6d: Du-34904-11
7e: Du-34904-7

1e,3e-7e: Du-41725-3

1f,2f,5f, 7f: Du-34904-4
3g,4g: Du-34904-12
6h: Du-34904-6

intermediate leaves :
Du-41725-3
Du-41725-3

A, B, C: holotype

Petals (A): (2-)5
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)

holotype
Du-34904-6
Du-34904-5

Ranunculus turopoljensis

Fig. 25 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus turopoljensis. The white bars in the figures of detail equal 2 mm.
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Fig. 26 — Holotype of Ranunculus turopoljensis (ZA).
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Ranunculus puberulus group

5.2.17 Ranunculus gradiscanus DUNKEL sp. nov.

Holotype: Croatia, Slavonia, Brod-Posavina County,
10870.1, Nova Gradiska, ca. 3 km ssw Ljupina, an Knick der
SchotterstraBe Ljupina-Savski Bok, an groem Graben n des
Weges, Grabenbdschung [at sharp bending of the dirty road, in a
large ditch n of the road, escarpment], 45°11°21°“N 17°21°23“E,
27 Apr 2022, F.G. Dunkel 40559, ZA; isotypes GOET, M, Du-
40559. — Figs. 27 & 28.

Description — Flowering shoot slim to robust, 20-42 cm
tall, scape 1.8-3.2 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to mode-
rately patent (20-50)°), flowers 3—10, enrichment shoots 0-2;
basal leaves 2—4 per rosette.

Basal leaf cycle: leaf edge irregularly, finely to deeply cre-
nate-serrate.

First basal leaf 25-40 mm long, narrow-angled at base
(0-50°), divided to dissected by the main incision (90-100%);
middle lobe spatulate to broadly spatulate, unstalked or regu-
larly up to 5 mm stalked, with 5—19 crenated teeth, lateral edge
slightly to strongly concave; lateral segment cleft to divided by
the first lateral incision (40-90%), second and third lateral incisi-
on absent or both up to 45%, respectively.

Second basal leaf 35-45 mm long, narrow-angled to V-for-
med at base (40-100°), divided by the main incision (85-97%);
middle lobe deltoid to spatulate with 5-7 teeth, lateral edge
slightly convex to slightly concave; lateral segment cleft to di-
vided by the first lateral incision (35—70%), second and third
lateral incision absent or up to 45% and 40%, respectively.

Third basal leaf 3545 mm long, closed to narrow-angled at
base (0-60°), divided to dissected by main incision (95-100%);
middle lobe deltoid to spatulate, occasionally stalked up to 2
mm, with 9-11 teeth, occasionally irregularly tricleft with inci-
sions up to 45%, lateral edge straight to slightly convex; lateral
segment cleft to divided by first lateral incision (60-80%), lobed
to cleft by second lateral incision (30—50%), third lateral incisi-
on absent or up to 33%.

Fourth basal leaf 45-55 mm long, closed to narrow-angled
at the base (0-60°), dissected by main incision; middle lobe del-
toid to spatulate, stalked up to 7 mm with 11-15 teeth, irregu-
larly tricleft with incisions up to 60%, lateral edge straight (to
slightly concave); lateral segment divided by first lateral incision
(75-90%), cleft to divided by second lateral incision (45-70%,),
cleft by third, fourth and fifth lateral incision (45-65%, 35—45%,
and 33-40%, respectively).

Fifth basal leaf 45—-60 mm long, V-formed to widely angled
at the base (70-140°), pediformly divided, dissected by main
incision; middle lobe stalked up to 5 mm, irregularly narrowly
deltoid to deltoid with 9—13 irregular teeth, lateral edge slightly
convex to slightly concave; lateral segment divided by first late-
ral incision (55-95%), cleft to divided by second lateral incision
(50-70%), cleft by third lateral incision (40-55%), fourth lateral
incision absent or up to 27%.

Sixth basal leaf 40-50 mm long, narrowly angled to V-for-
med at the base (40—100°), divided to dissected by main incision

(92-100%); middle lobe narrowly deltoid (rhomboid) to deltoid,
with 7—-13 teeth, lateral edge straight (to slightly concave); late-
ral segment cleft to divided by first lateral incision (45-80%),
lobed by second lateral incision (26—-32%).

Seventh basal leaf 40-50 mm long, narrowly angled to V-
formed at the base (50—100°), cleft to divided by main incision
(50-80%); middle lobe (broadly) deltoid with 57 teeth, lateral
edge straight to slightly concave; lateral segment undivided.

Lowermost stem leaf divided into 7—11 segments, largest
segment 30—-80 mm long, 1,5-4 mm wide, linear to narrowly
lanceolate, undivided (or rarely with 1-2 small teeth).

Petals 0(=2), 7-9 mm long, 5-7 mm wide; androclinium
0.7-0.9 mm; receptacle ellipsoid, 3.2—4.5 mm long, 1.7-2.3 mm
wide, glabrous, carpellophores 0.2—0.4 mm long; fruits 1.5-2.6
mm long, beak 0.6-0.9 mm long, straight to uncinate.

Pollen quality — good; 70.1% well developed (Nova
Gradisca, holotype).

DNA-ploidy — unknown.

Distribution — known from two sites near Nova GradiSca,
Brod-Posavina County.

Ecology — forest edges and escarpments of ditches.

Etymology — refers to the type locality near the town Nova
Gradisca.

Vulnerability — endangered due to rarity.

Taxonomy — R. gradiscanus presents with an irregular leaf
blade and 11-15 irregular teeth of the middle lobe of the spring
leaves. For the Ranunculus auricomus complex in Croatia, this
is unique and only found in R. poldinioides DUNKEL, too (see
below). The cauline leaf segments of the lowermost leaf are
undivided or bear only 1-2 short teeth. This in contrast to the
irregular blade with multiple teeth of R. poldinii DUNKEL and R.
poldinioides with 2-9 teeth (DUNKEL 2011). The low number of
petals - often lacking completely - argues for an apomictic mode
of reproduction. At present, R. gradiscanus is only known from
two localities, but it can be expected that there are more popula-
tions in the extensive forests around the type locality.

Specimens seen — Croatia, Slavonia, Brod-Posavina Coun-
ty, 10870.1: Nova Gradiska, ca. 3 km ssw Ljupina, an Knick
der Schotterstralle Ljupina-Savski Bok, an grolem Graben n des
Weges, 100 m, 45°11°21”N 17°21°23”E, Grabenboschung, 27
Apr 2022, F.G. Dunkel, Du-40559; ibidem, Nova Gradiska, ca.
3 km ssw Ljupina, an Knick der Schotterstral3e Ljupina-Savski
Bok, 2,5 km o St4156, 100 m, 45°11°01”N 17°21’12”E, Hain-
buchen-Wald, Waldrand, 27 Apr 2022, F.G. Dunkel, Du-40570.

5.2.18 Ranunculus poldinioides DUNKEL, Stapfia 111:
50, 2019.

Holotype: Slovenia, Predalpsko Obmocje, Ljubljansko barje,
9953.3, Ljubljana, ad viam versus vicum Ig ducentem, haud
procul confluentis fluviorum Ljubljanica et I$¢ica, in pratis
paludosis, solo argilloso, 290 m, 10 Apr 1972, T. Wraber, LJU-
10046583; isotypes LIU-10046583, Du-27930. — Fig. 29; Figs.
13 & 39 in DUNKEL (2019).
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Fig. 27
basal leaves:
1 1a: Du-40559-6
- . 2b,4b-6b: Du-40559-13
a e i 3c: Du-40559-9
7d: holotype
1e,2e,5e: Du-40559-3
3f,4f: Du-40559-5
2 . 6g: Du-40559-2
v i 7h: Du-40570-9
b e
1i,2i: holotype
3j-5j: Du-40559-1
6k: Du-40570-3
3 71: Du-40570-2
1cm € WL )

L3

A, B, C: holotype

Petals (A): 0(-2)
beak of the fruit (B):
‘ straight to uncinate
N7 receptacle (C):
glabrous
cauline leaves:
(left to right)
holotype

Du-40559-10
Du-40559-1

=~

Ranunculus gradiscanus
>

Fig. 27 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus gradiscanus. The white bars in the figures of detail equal 2 mm.
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Fig. 28 — Holotype of Ranunculus gradiscanus (ZA).
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5cm

Fig. 29 — Specimen of Ranunculus poldinioides (Du-40441-14).
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Pollen quality — mediocre; 58.0% well developed (isotype
27930-1).

DNA-ploidy — unknown.

Distribution — at present only known from the type locality
near Postojn, Slovenia, and recently found near Slatina, Slavo-
nia, Croatia.

Ecology — humid meadows, willow brushes.

Etymology — refers to the morphological similarity to R.
poldinii (DUNKEL 2011).

Vulnerability — critically endangered due to rarity, and
abandonment or eutrophication of humid meadows.

Taxonomy — R. poldinioides is characterized by irregularly
formed middle and lateral lobes with an irregular crenate-serrate
to dentated leaf edge. The basal leaves are usually wide-angled
at the base, and the middle lobes rhomboid to deltoid. Popu-
lations with this type of irregular fine serrature are scarce. In
Croatia, only R. gradiscanus presents a similar morphology but
differs by elongated undivided teeth of the middle lobes of the
spring leaves. This feature is name-giving in R. longidens (Ju-
LIN) ERICSSON, a species with a pilose receptacle, occurring only
in the Swedish provinces of Sodermanland and Upland (JuLIN
1980). R. longidens bears more or less linear leaf segments with
0-2 small teeth vs. 2-9 irregular short to long patent teeth in
R. poldinioides. Ecologically, both populations of the critically
endangered species share the same type of vegetation: willow
brushes at the edge of humid meadows (Salicion cinereae).

Specimens seen — Croatia, Slavonia, Virovitica-Podravina
County, 10372.3: Slatina, n Ulica Branka Radiéevica, zwischen
Bokane und Ceralije, 140 m, 45°37°17”N 17°40’50”°E, Weiden-
gebiisch, feuchte Wirtschaftswiese, 15 April 2022, F.G. Dunkel,
Du-40441.

5.2.g Ranunculus stricticaulis group

5.2.19 Ranunculus plitvicensis DUNKEL sp. nov.

Holotype: Croatia, Lika-Senj County: 11159.2, Plitvice
Lakes National Park, Plitvicki Ljeskovac, 300 m s des S-Endes
des [south of the southern end of] ProScansko Jezero, lichter
Erlenbruch [light alder swamp forest], 642 m, 44°50°59”N
15°35°57”E, 27 Apr 2023, F.G. Dunkel 41004, ZA; isotypes
GOET, M, Du-41004. — Figs. 30 & 31.

Description — Flowering shoot gracile to slim, 15-28 cm,
stalk 1.0-3.4 mm in diameter, reddish at the base, suberect to
moderately patent, angle between the main and secondary axis
5-40°, flowers 2—5(7), enrichment shoots 0-2; basal leaves 2—6
per rosette.

Basal leaf cycle: similar to some Italian species, R. plitvi-
censis keeps occasionally basal leaves from the last summer, un-
divided leaves of 18 to 30 mm diameter, with closed to narrowly
angled aperture at the base (-5°-50°) and irregularly crenated
leaf edge. The leaf edge of the first to seventh basal leaf is irre-
gularly and coarsely crenate-serrate.

First basal leaf 20-25 mm long, blade at the base narrow-
angled to V-formed (50-100°), usually undivided, occasionally
lobed to cleft by the main incision (26—45%), middle segment, if
presend, trapezoid to deltoid with 35 teeth, lateral edge straight

to slightly convex; lateral segment undivided.

Second basal leaf 20-35 mm long, base narrow-angled to V-
formed (20-100°), cleft by the main incision (40-65%), middle
lobe deltoid with 5-7 teeth, lateral edge slightly concave; lateral
segment undivided or occasionally with a first lateral incision of
up to 45%.

Third basal leaf 28-38 mm long, base narrow-angled (40—
60°), cleft to divided by the main incision (60-90%), middle
lobe deltoid to spatulate with (4)5—7 teeth, lateral edge slightly
concave; lateral segment undivided or cleft by the first lateral
incision (33-60%).

Fourth basal leaf 28—40 mm long, aperture at the base nar-
row-angled to V-formed (10-100°), divided to dissected by the
main incision (96-100%), middle lobe occasionally stalked up
to 1 mm long, rhomboid with 7-11 teeth, lateral edge slightly
concave to straight; lateral segment divided by the first lateral
incision (66—-85%), second lateral incision absent or up to 33%.

Fifth basal leaf 24-40 mm long, base narrow-angled to wi-
de-angled (50-150°), divided by the main incision (75-98%),
middle lobe deltoid with 5-9 teeth, lateral edge slightly concave
to straight; lateral segment cleft to divided by the first lateral
incision (45-80%).

Sixth basal leaf 28—45 mm long, base narrow-angled to V-
formed (50-100°), divided by the main incision (75-92%), nar-
rowly deltoid to deltoid with 4-9 teeth, lateral edge slightly con-
cave to straight; lateral segment undivided or cleft to divided by
the first lateral incision (40-70%), second lateral incision absent
or occasionally up to 50%.

Seventh basal leaf 22-33 mm long, at the base V-formed
to widely angled (90-120°), usually undivided or occasionally
divided by the main incision (70-80%), if present, middle lobe
narrowly deltoid with 3 teeth, lateral edge slightly concave to
straight; lateral segment undivided.

Lowermost stem leaf divided into 7-11 segments, largest
segment 25-45 mm long, occasionally stalked, linear to oblan-
ceolate, 2—4.5 mm wide, occasionally at small plants undivided,
usually with (1)2—8 short or patent obtuse teeth.

Petals (2-)5, 7-9 mm long, 6-8 mm wide; androclinium
0.4-0.6 mm long; receptacle almost globose to ellipsoid, 2.5—
3.5 mm long, 1.9-2.5 mm wide, glabrous, invervallum absent,
carpellophores 0.2-0.4 mm long; fruits 2.0-2.8 mm long, beak
0.6—1.2 mm long, straight to uncinate.

Pollen quality — mediocre; 57.3% well developed (Plitvicki
Ljeskovac, holotype).

DNA-ploidy — not known, probably 4x.

Distribution — known from the type locality at the southern
end of the Pro$cansko lake, at two sites (Segula 2000).

Ecology — alder-swamp woods (VUKELIC & al. 2019).

Etymology — refers to the type locality at the ProScansko
lake, part of the Plitvice lakes National Park.

Vulnerability — potentially endangered due to rarity.

Taxonomy — R. plitvicensis is similar to other members of
the R. croaticola group but differs by rhomboid middle lobes
with large and coarse margin teeth similar to R. rhombilobus
BorcH.-KoLB (1985) and by a high number (7-11) of segments
of the lowermost cauline leaf. The largest segment carries (1)2—
8 obtuse teeth. The receptacle is almost globose and measures
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Fig. 30
basal leaves:

-1a: Du-41004-8
1b,2b: Du-41497-1
3c,6f,7g: Du-41004-10
4d: Du-41004-13

5e: Du-41004-6

-1h-7h: holotype

-1i: Du-41497-1
1d,2d,7n: Du-41004-13
3j: Du-41004-10

4k: Du-41004-12

5I: Du-41004-11

6m: Du-41004-4
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A, B, C: Du-41004-4
(isotype)

Petals (A): (2-)5
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous
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cauline leaves:
(left to right)

Du-41004-4
holotype
Du-41004-3
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Ranunculus plitvicensis

Fig. 30 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus plitvicensis. The white bars in the figures of detail equal 2 mm.
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5cm

Fig. 31 — Holotype of Ranunculus plitvicensis (ZA).
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2.5-3.5 mm, hence, it is shorter than in other taxa of the group.
Morphologically, R. plitvicensis is close to R. gayeri S06 (1964).
Therefore, it is put into the R. stricticaulis group (HORANDL &
GUTERMANN 1998a). The two populations of R. plitvicensis grow
in the Plitvice lakes National Park, a highly protected area. Since
the number of plants is not documented — a decrease or an in-
crease in the last decennials — R. plitvicensis is of potential risk
of extinction due to small populations.

Specimens seen — Croatia, Lika-Senj County, 11159.2,
Plitvice Lakes National Park, Plitvicki Ljeskovac, 500 m s des
S-Endes des ProScansko Jezero, 44°50°58.1”N 15°36°04.4”E,
640 m, lichter Erlenbruch, vereinzelt, 27 Apr 2023, F.G. Dunkel,
Du-41497.

5.2.h Ranunculus argoviensis group

5.2.20 Ranunculus divisior DUNKEL sp. nov.

Holotype: Croatia, Slavonia, Osijek-Baranja Coun-
ty, 10374.4, Donji Miholjac, w der D 53, s Malinovac, 100 m,
45°36°41”N 18°08°20”E, Auwald und Erlenbruch [floodplain
forest and alder swamp forest], 28 Apr 2023, F.G. Dunkel 41677,
ZA; isotypes Du-41677. — Figs. 32 & 33.

Description — Flowering shoot slim to robust, 2855 cm,
stalk 1.5-3.5 mm in diameter, reddish at the base, suberect to pa-
tent, angle between the main and secondary axis 30-80°, flowers
3-10, enrichment shoots 0-2; basal leaves 1-3(4) per rosette.

Basal leaf cycle: aperture at the base closed to narrowly an-
gled ((-5)0-50(60)°), leaf edge irregularly crenate-serrate.

First basal leaf 40-55 mm long, blade at the base narrow-
angled (5-40°), divided by the main incision (90-95%), middle
segment deltoid with 3—5 teeth, lateral edge straight; lateral seg-
ment cleft to divided by fist lateral incision (50-75%), lobed to
cleft by second lateral incision (26—55%).

Second basal leaf 45—60 mm long, blade at the base nar-
row-angled (40-60°), divided by the main incision (85-98%),
middle segment deltoid with 5-7 teeth, lateral edge slightly con-
cave to straight; lateral segment divided by first lateral incision
(70-92%), cleft by second and third lateral incision (45-65%,
and 33-40%, respectively).

Third basal leaf 45-60 mm long, blade at the base narrow-
angled (5-20°), divided by the main incision (90-98%), middle
segment deltoid with 4-7 teeth, lateral edge slightly concave to
slightly convex; lateral segment cleft to divided by first lateral
incision (60—75%), cleft by second and third lateral incision (45—
55%, and 33—45%, respectively), lobed by fourth lateral incision
(26-32%).

Fourth basal leaf 45—75 mm long, blade at the base narrow-
angled (0-30°), divided to dissected by the main incision (95—
100%), middle segment tricleft, with incisions up to 55%, deltoid
with 3-5 teeth, lateral edge slightly concave to slightly convex;
lateral segment divided by first lateral incision (66—-85%), cleft
to divided by second lateral incision (45-70%), cleft by third
and fourth lateral incision (35-50%, and 33-45%, respectively).

Fifth basal leaf 40-60 mm long, base closed to narrow-an-
gled (-5-20°), divided by the main incision (92-98%), middle
lobe deltoid to spatulate, partly tricleft with incisions up to 30%,

lateral edge slightly convex to straight; lateral segment cleft by
the first lateral incision (40—-65%), second lateral incision absent
or up to 35%.

Sixth basal leaf 35-50 mm long, base narrow-angled (5—
15°), divided by the main incision (85-95%), middle lobe del-
toid to spatulate with 7-9 teeth, lateral edge slightly concave to
straight; lateral segment undivided or lobed to cleft by the first
lateral incision (26—-35%).

Seventh basal leaf 25-50 mm long, aperture at the base
closed to narrow-angled (-5-50°), divided by main incision (70—
95%), middle lobe deltoid to spatulate with 5-9 teeth, lateral
edge straight to slightly concave; lateral segment undivided.

Lowermost stem leaf divided into 7-9 segments, largest
segment 40-80 mm long, rarely stalked, linear to oblanceolate,
4-10 mm wide, undivided or with 1-2(3) teeth.

Petals 2-5, 9-12 mm long, 7-9 mm wide; androclini-
um 0.2-0.3 mm long; receptacle ellipsoid, 3.5-4.8 mm long,
2.8-3.2 mm wide, glabrous, invervallum absent, carpellophores
0.15-0.3 mm long; fruits 2.3-2.9 mm long, beak 0.4—1.0 mm
long, uncinate to involuted.

Pollen quality — mediocre; 56.1% well developed (Donji
Miholjac, isotype Du-41677-1).

DNA-Ploidy — not known.

Distribution — known from the type locality near Donji Mi-
holjac.

Ecology — humid hornbeam forest and alder swamp forest.

Etymology — refers to the more divided spring leaves of the
basal leaf cycle.

Vulnerability — potentially endangered due to rarity.

Taxonomy — visiting an alder forest and adjacent humid
hornbeam forest, the plants of R. divisior were at once stri-
king by the more divided spring leaves. The basal leaf cycle is
rather homophyllous. Especially the first four leaves of the cycle
are deeply divided with obtuse leaf lobules, the main incision
amounts to 85-100%, at the seventh leaf occasionally only 70%.
Althouh at present, there are only two known populations, the
taxon is described as new to science. The plants could not be
categorized into the R. croaticola group.

Specimens seen — Croatia, Slavonia, 10374.2: Donji Mi-
holjac, so Kapelna, nw Kucanci, an der Stralle 4031, kurz nach
90°-Kurve und Eintritt in den Laubwald, 100 m, 45°40°29“N
18°05°31°E, feuchter Stralengraben im Hainbuchen-Wald, 28
Apr 2023, F.G. Dunkel, Du-41672 pro parte.

5.2.i Ranunculus schlosseri group

5.2.21 Ranunculus schlosseri DUNKEL Sp. nov.

Holotype: Croatia, Zagreb county, 10363.3, Orle, s Orle,
Terasse an der Odra im Weiler Selce, 100 m, 45°38‘25“N
16°13°39“E, Gebiischrand [terrace of the Odra in hamlet Selce;
edge of brushes], 27 Apr 2022, F.G. Dunkel 40571, ZA (consis-
ting of one individual currently mounted on two sheets clearly
labelled as parts of the same preparation); isotypes GOET, LI,
M, Du-40571. — Figs. 34 & 35, Tab. 1.
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Description — Flowering shoot (slim to) robust, 28-55 cm
tall, scape 2.4—4.0 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to patent
(20-60°), flowers 2—-8, enrichment shoots 0—1(2); basal leaves
1-5 per rosette.

Basal leaf cycle: at the base closed to narrow-angled at the
initial leaves (0—10°), closed to narrowly angled at the third to
seventh leaf (0-60°), at the third and fourth basal leaf occasio-
nally up to 80°, leaf edge very irregularly crenate-serrate.

First basal leaf 25-40 mm long, divided by the main inci-
sion (70-95%); middle lobe spatulate with 5—13 crenated teeth,
lateral edge slightly convex to slightly concave; lateral segment
undivided or lobed to cleft by the first lateral incision (up to
55%).

Second basal leaf 40-60 mm long, divided to dissected by
the main incision (90-100%); middle lobe deltoid to spatulate
with 7—11 crenated teeth, lateral edge slightly convex to slight-
ly concave; lateral segment divided by the first lateral incision
(80-90%), second lateral incision absent or up to 45%.

Third basal leaf 50-65 mm long, divided to dissected by
main incision (97-100%); middle lobe deltoid (to spatulate),
usually stalked up to 3 mm, with 7-11 teeth, occasionally ir-
regularly tricleft with incisions up to 33%, lateral edge slightly
convex to slightly concave; lateral segment divided by first late-
ral incision (80-94%), cleft to divided by second lateral incision
(50-70%), cleft by third lateral incision (40-45%), lobed to cleft
by fourth and fifth lateral incision (30-45%, and 30-40%, re-
spectively).

Fourth basal leaf 60-95 mm long, divided to dissected by
main incision (95-100%); middle lobe narrowly deltoid to el-
liptic with 7—11 teeth, occasionally irregularly tricleft with in-
cisions up to 33%, lateral edge normally more or less straight;
lateral segment divided by first and second lateral incision (75—
98%, and 70-90%, respectively), cleft to divided by third lateral
incision (50-85%), cleft by fourth and fifth lateral incision (35—
50%, and 33—46%, respectively), lobed to cleft by sixth lateral
incision (28-35%).

Fifth basal leaf 4070 mm long, divided to dissected by
main incision (95-100%); middle lobe irregularly narrowly del-
toid with 3-7 teeth, frequently irregularly tricleft with incisions
up to 50%, lateral edge straight; lateral segment divided to al-
most dissected by first and second lateral incision (85-98%, and
75-92%, respectively), cleft to divided by third lateral incision
(60—80%), cleft by fourth and fifth lateral incision (35-50%, and
33-40%, respectively).

Sixth basal leaf 45-65 mm long, divided by main incision
(70-92%); middle lobe deltoid, with 7—11 teeth, lateral edge

straight; lateral segment undivided or occasionally lobed to cleft
by first lateral incision (26—40%).

Seventh basal leaf 35-65 mm long, cleft to divided by main
incision (50-92%); middle lobe deltoid, with 5-11 teeth, lateral
edge straight; lateral segment undivided.

Intermediate leaves, similar to the fourth and fifth basal lea-
ves with four to six lateral incisions.

Lowermost stem leaf divided into 7-11 segments, largest
segment 35-80 mm long, 2.5-5(7) mm wide, linear to narrowly
lanceolate, rarely narrowly deltoid, undivided or with 1-2 teeth.

Petals (3-)5, 10-16 mm long, (7)9-12 mm wide; androcli-

nium 0.7-0.9 mm; receptacle globose to ellipsoid, 3.4—4.5 mm
long, 2.5-3.5 mm wide, glabrous, intervallum absent, carpello-
phores 0.15-0.3 mm long; fruits 1.8-2.8 mm long, beak 0.6—1.2
mm long, straight to uncinate.

Pollen quality — mediocre; 40.9% well developed (Orle,
Selce, holotype).

DNA-ploidy — 4x (Orle, Selce, Du-40571).

Distribution — known from an area southeast of Velika Go-
rica in a good quantity.

Ecology — ditches, brushes, forest edges and adjacent hu-
mid meadows.

Etymology — refers to Josef Calasanz Schlosser, Ritter von
Klekovski, (1808—1882), Moravian-born Austrian physician and
botanist, together with Ludwig von Farkas-Vukotinovi¢ author
of the Flora croatica (1869).

Vulnerability — potentially endangered due to rarity.

Taxonomy — Ranunculus schlosseri is one of the largest and
most beautiful taxa of the whole complex. It often develops two
to three enrichments shoots with intermediate leaves. Indeed, the
leaf cycle is very heterophyllous: the initial leaves have undivi-
ded or slightly divided lateral lobes with at most two incisions,
the deeply divided spring leaves present with multiple, up to
six lateral incisions and the leaf cycle terminates by final leaves
with undivided lateral lobes. Although the flowers are almost
complete, according to pollen morphology and DNA-content, R.
schlosseri is tetraploid and probably apomictic. Its morphology
justifies putting it in a group of its own. Due to several popu-
lations with multiple plants, R. schlosseri is only vulnerable in
regard of its rarity.

Specimens seen — Croatia, Zagreb county, 10263.3:
Orle, s Cret Posavski, an kleiner Verbindungsstrae, 100 m,
45°42°17“N 16°11°46“E, Wirtschaftswiese und angrenzen-
des Gebiisch, 27 Apr 2022, F.G. Dunkel, Du-40591; 10363.3:
Orle, s Orle, Terasse an der Odra im Weiler Selce, 100 m,
45°38°25“N 16°13°39“E, Gebiischrand, 27 Apr 2022,
F.G. Dunkel, Du-40571 (isotypes); Sisak-Moslavina County,
10363.3: Lekenik, ca. 4,5 km n Lekenik, Schotterstrafle paral-
lel zur Odra, 100 m, 45°38°02°“N 16°12°43“°E, feuchter Graben,
28 Apr 2023, F.G. Dunkel, Du-41668; ibidem, Lekenik, ca. 5
km nno Lekenik, an StichstraBBe (Schotterweg) zur Odra, 110
m, 45°37°20°“N16°14°07““E, Grabenrand, 28 Apr 2023, F.G.
Dunkel, Du-41670; 10564.2: Sisak, O-Rand von Novo Selo
PalanjeCkoan an der D 36, 100 m, 45°29°02°N 16°27°45“E,
umgebrochene Flache, ehemalige Gebiisch- und Auwaldreste,
28 Apr 2023, F.G. Dunkel, Du-41671.

5.2.22 Ranunculus velebiticus DUNKEL sp. nov.

Holotype: Croatia, Velebit, Lika-Senj County, 11255.2,
Krasno Polje, Jezera, 2,8 km sw Krasno, 1,6 km no Mali Raji-
dows], 1480 m, 44°48°14“N 15°01°32*, 07 Jun 2020, F.G. Dun-
kel 37863, ZA; isotypes GOET, M, Du-37863. — Figs. 36 & 37.

Description — Flowering shoot gracile to slim, 12-32 cm
tall, scape 0.7-2.0 mm in diameter, at the base reddish, terete,
cataphylls absent, angle between the main and secondary axis
suberect to moderately patent (10-50°), flowers 1-5, enrichment
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Fig. 32
basal leaves:

1a,2a: Du-41677-3
3b: Du-41677-3
4c: Du-41677-2
5d: Du-41672-5
6e,7e: Du-41677-4

1c,2c: Du-41677-2
3e: Du-41677-4
4f: Du-41677-6
5g: Du-41677-1
6h,7h: Du-41677-5

|1 cm

A, B, C: holotype
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Petals (A): (2-)5
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)

T
oA holotype
| Du-41677-4
/ Du-41677-7

Ranunculus divisior

Fig. 32— Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus divisior. The white bars in the figures of detail equal 2 mm
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Fig. 33 — Holotype of Ranunculus divisior (ZA).
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Fig. 34
basal leaves:

1a,3a,4a,7a: Du-
40571-7

2b,5b: Du-40571-13
6c: Du-40572-6

1d,2d: Du-40571-13
3e: Du-40571-16

4f: Du-40571-4

5g: Du-40571-3
6h,7h: Du-40572-2

1i,4i: Du-40571-16
2j,3j,5j: Du-40571-3
6k: Du-40572-8

71: Du-40572-5

intermediate leaves:
Du-40571-3
Du-40571-3

A: Du-40572-2,
B, C: holotype

Petals (A): (3-)5
beak of the fruit (B):
straight to uncinate
receptacle (C):
glabrous

cauline leaves:
(left to right)

Du-40571-3
Du-40572-6
Du-40572-8

Ranunculus schlosseri

Fig. 34 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus schlosseri. The white bars in the figures of detail equal 2 mm.
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Fig. 35 — Holotype of Ranunculus schlosseri (ZA); image composed of the elements mounted on the two sheets of the holotype preparation.
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1g: Du-37865-6

: Fig. 36
basal leaves:
1a: Du-37863-2
2b,4,5: holotype
1 ’ 3c: Du-37863-5
1d,2d: Du-37863-4
> 3e,5e: Du-37865-6
W, 4f: Du-37861-3
d
g9
a 2h,4h: Du-37863-6
3i,5i: Du-37863-1
2 .
h

5 A, B, C: Du-37863-2
(isotype)
i Petals (A): 0-2
b

e I beak of the fruit (B):
straight to uncinate
(involuted)

receptacle (C):
pilose (++)
cauline leaves:
(left to right)
Du-37861-3
Du-37263-2
Du-37863-2
M

Ranunculus velebiticus

Fig. 36— Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus velebiticus. The white bars in the figures of detail equal 2 mm.
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Fig. 37 — Holotype of Ranunculus velebiticus (ZA).
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shoots 0-2; basal leaves 2—5 per rosette.

Basal leaf cycle: consisting obviously only of five leaves
(R. fallax group), level of division of the leaf blade decreasing
from the first to the fifth leaf, leaf edge irregularly and coarsely
crenate-serrate, fifth leaf finely serrate with long teeth and some
crenated teeth in between.

First basal leaf 40-65 mm long, aperture at the base V-
formed to widely angled (80—140°), dissected by main incision;
middle lobe irregularly deltoid with 5-9 teeth, trifid by incisions
up to 60%, lateral edge straight to slightly concave; lateral seg-
ment divided by first and second lateral incision (85-99%, and
75-85%, respectively), cleft to divided by third lateral incision
(45-80%), cleft by fourth lateral incision (40-60%), fifth lateral
incision absent or up to 45%.

Second basal leaf 40-55 mm long, aperture at the base nar-
rowly to widely angled (70—140°), dissected by main incision;
middle lobe irregularly deltoid with 3—7 teeth, trilobed by incisi-
ons up to 33%, lateral edge slightly convex to slightly concave;
lateral segment divided by first lateral incision (70-98%), cleft
to divided by second lateral incision (35-90%), cleft by third
lateral incision (30-40%), fourth lateral incision absent or up
to 35%.

Third basal leaf 40-50 mm long, aperture at the base nar-
rowly angled to V-formed (60-90°), divided by main incision
(75-90%); middle lobe (irregularly) deltoid with 5-9(11) teeth,
lateral edge straight; lateral segment undivided.

Fourth basal leaf 40-70 mm long, aperture at the base
narrowly to widely angled (50—-110°), cleft to divided by main
incision (40-70%); middle lobe deltoid to rectangle with 3—7
teeth, lateral edge straight (to slightly concave); lateral segment
undivided.

Fifth basal leaf 35-50 mm long, aperture at the base nar-
rowly to widely angled (60—100°), undivided.

Lowermost stem leaf divided into 7-9 segments, largest
segment 35-60 mm long, 3—7 mm wide, oblanceolate, with 2—8
teeth.

Petals 0-2, 5-9 mm long, 4-7 mm wide; androclinium
0.5-0.7 mm; receptacle ellipsoid, 3.0-4.5 mm long, 1.8-2.3
mm wide, pilose (++), intervallum absent, carpellophores 0.2—
0.4 mm long; fruits 1.5-2.2 mm long, beak 0.6—1.0 mm long,
straight to uncinate (involuted).

Pollen quality — bad; 32.9% well developed (Krasno, iso-
type Du-37863-2).

DNA-ploidy — not known, probably 4x (measurements not
successful).

Distribution — known from the type locality and surroun-
dings in a circumference of 300 m, isolated occurrence.

Ecology — subalpine meadows at 1420—1480 m.

Etymology — refers to the type locality at the Velebit moun-
tains.

Vulnerability — endangered due to rarity and risk of refo-
restation.

Taxonomy — it was more than 120 years ago, Ludovico Ros-
si colleted “Ranunculus auricomus” at the Velebit mountains. A
specimen is deposited at the central Zagreb Herbarium (ZA) and
A. von Degen (1937) reported it in the Flora Velebitica: “Jezera
iiber Krasno. Two small populations of this taxon were found at

the indicated site by the author in 2020. It is morphologically
different from the species of the floodplain and hornbeam fo-
rests, and indeed, it reminds to Ranunculus fallax in the sense of
Scandinavian authors (grade 2 of S. Ericsson: Ericsson 2001)
with large partly divided basal leaves. Normally, the fourth
spring leaf is the most divided. Here, it is the first one. Intere-
stingly, this is the same mode of leaf cycle as in R. wraberi P1-
GNATTI from Mount Nanos in Slovenia (DUNKEL 2019). Clearly,
the first leaves of R. velebiticus are more irregularly and deeper
divided than in R. wraberi. The recptacle of R. wraberi is pilose,
that of R. velebiticus only scarcely pilose. Both species occur at
subalpine meadows. Hence, it would be interesting to investiga-
te whether R. velebitus and R. wraberi (and R. braun-blanquetii
PIGNATTI) possess a common origin.

Specimens seen — Croatia, Velebit, Lika-Senj County,
11155.2: Jezera ad Krasno, 25 Jun 1896, L. Rossi, ZA; ibidem,
Krasno Polje, Jezera, 2,7 km sw Krasno, 1,5 km no Mali Ra-
jinac, 1470 m, 44°48°17”N 15°01°31” E, subalpine Wiesen, 07
Jun 2020, F.G. Dunkel, Du-37861; ibidem, Jezera, ca. 2,8 km
sw Krasno, zwischen Dolinengrund und Wanderweg nahe der
verfallenen Kirche Sv. Ana, 1,3 km no Mali Rajinac, 1420 m,
44°48°20”N 15°01’15”E, subalpine Wiesen, 07 Jun 2020, F.G.
Dunkel, Du-37865.

5.2.23 Ranunculus albimonasterius DUNKEL sp. nov.

Holotype: Croatia, Baranja, Osijek-Baranja County,
10277.4, Beli Manastir, s Beli Manastir, ca. 150 m w der Bahn,
250 m n Umspannwerk, Holzschlag, feuchter Vorwald [150 m w
of railway line, 250 m n to electric power transformation substa-
tion, humid shrub community after forest cutting], 45°43°15“N
18°3738“E, 26 Apr 2022, F.G. Dunkel 40496, ZA; isotypes
GOET, LI, Du-40496. — Figs. 38 & 39, Tab. 1.

Description — Flowering shoot slim to robust, 1846 cm
tall, scape 1.2-2.7 mm in diameter, at the base reddish, terete,
angle between the main and secondary axis suberect to patent
(15-60°), flowers 2—6, enrichment shoots 0-3; basal leaves 1-4
per rosette.

Basal leaf cycle: leaf edge very irregularly crenate-serrate,
at the leaf cycle crenated teeth increasingly acute.

First basal leaf 20-40 mm long, V-formed to widely angled
at base (90-140°), cleft to divided by the main incision (55—
90%); middle lobe trapezoid to deltoid with 3—11 crenated teeth,
lateral edge straight to slightly concave, occasionally tricleft
with incisions up to 45%; lateral segment undivided or lobed to
cleft by the first lateral incision (up to 55%).

Second basal leaf 30-45 mm long, narrow-angled to V-for-
med at base (50-100°), divided by the main incision (75-90%);
middle lobe deltoid with 5-9 teeth, lateral edge straight (to
slightly concave); lateral segment cleft to divided by the first
lateral incision (50-70%), second lateral incision absent or up
to 33%.
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Fig. 38

basal leaves:

1a: Du-40496-12
2b,3c: Du-40496-5
4d,5d: Du-40496-2
6e: Du-40496-13
7f: Du-40496-1

L3

=

1d: Du-40496-2
2g: Du-40496-4
3h: Du-40496 :17
4c,5b: Du-40496-5
6f,7j: Du-40496-1

1k,2k: Du-40496-19
31,61: Du-40496-22
4m,5m: Du-40496-14
7n: Du-40497-1

Pl
S

S
EE

A: Du-40496-9
B, C: holotype

e
VRt

n Petals (A): 0-3

beak of the fruit (B):
uncinate

receptacle (C):
glabrous (or with some
hairs)

cauline leaves:

(left to right)
Du-40496-4 (isotype)
holotype

Du-40496-21 (isotype)

K@ 2l
€
<

Ranunculus albimonasterius

Fig. 38 — Data sheet (basal leaf cycle, stem leaves, flowers, fruits, receptacle)
of Ranunculus albimonasterius. The white bars in the figures of detail equal 2 mm.
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Fig. 39 — Holotype of Ranunculus albimonasterius (ZA).
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Third basal leaf 30-50 mm long, V-formed at the base (80—
100°), divided by main incision (90-98%); middle lobe deltoid
with 5-11 teeth, lateral edge straight to slightly concave; lateral
segment cleft to divided by first lateral incision (40-70%), se-
cond lateral incision absent or up to 33%.

Fourth basal leaf 35-50 mm long, V-formed to wide-angled
at the base (90-120°), divided by main incision, pedatiform;
middle lobe narrowly deltoid to deltoid, with 5-9 teeth, lateral
edge straight; lateral segment divided by first lateral incision
(70-80%), cleft by second lateral incision (33—45%).

Fifth basal leaf 35-50 mm long, V-formed to widely angled
at the base (90-120°), divided by main incision (90-99%), pe-
datiform; middle lobe lanceolate to irregularly narrowly deltoid
with 0-5 teeth, lateral edge slightly convex to straight; lateral
segment divided by first lateral incision (66—85%), lobed to cleft
by second lateral incision (30—40%), third lateral incision absent
or up 27%.

Sixth basal leaf 35-55 mm long, V-formed to widely an-
gled at the base (80—-140°), divided by main incision (80-90%),
pedatiform; middle lobe narrowly deltoid to deltoid, with 3—7
teeth, lateral edge straight (to slightly concave); lateral segment
cleft by first and second lateral incision (40-60%, and 33—40%,
respectively).

Seventh basal leaf 25-40 mm long, widely angled at the
base (120-150°), cleft to divided by main incision (40—75%);
middle lobe deltoid with 511 teeth, lateral edge slightly convex
to slightly concave; lateral segment undivided.

Lowermost stem leaf divided into 7-11 segments, largest
segment 30—-70 mm long, 2.5-4(5) mm wide, lanceolate, undivi-
ded, or occasionally with 1 tooth.

Petals 0-2(5), 6-9 mm long, 5-7 mm wide, sepals cons-
picuously patent pilose, reddish; androclinium 0.5-0.8 mm; re-
ceptacle ellipsoid, 2.7-3.5 mm long, 1.3—1.9 mm wide, sparsely
pilose (+), intervallum absent, carpellophores 0.1-0.3 mm long;
fruits 1.0-1.8 mm long, beak 0.4—1.0 mm long, uncinate.

Pollen quality — bad; 31.3% well developed (Beli Man-
astir, isotype Du-40496-9).

DNA-ploidy — unknown.

Distribution — known from the type locality near Bela Ma-
nastir, Osijek-Baranja County and a small population nearby.

Ecology — forest edges, hornbeam forests and clear cut-
tings.

Etymology — refers to the type locality near the small-town
Beli Manastir in the Osijek-Baranja County.

Vulnerability — endangered due to rarity.

Taxonomy — In adjacent Slovenia, populations of the mea-
dows quantitatively and qualitatively form a large part of the
whole Ranunculus auricomus complex. However, in Croatia,
such populations of humous meadows are almost complete-
ly absent. Those species possess small incomplete flowers and
deeper divided blades of the basal leaves. R. albimonasterius is
the only taxon which can be put into the Ranunculus indecorus
group. At the moment, R. albimonasterius profits from sunlight
readily available after a complete cutting of the oak hornbeam
forest. However, it is a question of time before the present shrub
community with Juncus effusus develops into a forest. Although
there are plenty of plants in a local area, R. albimonasterius is

endangered and could only be found in a good condition at the
type locality.

R. albimonasterius is similar to R. labacensis DUNKEL and
R. lanceolifer DUNKEL (DUNKEL 2019), both belonging to the R.
indecorus group. It differs from the first by a finely serrate leaf
edge of the final leaf with > 25 vs. <20 teeth, and shorter carpel-
lophores (0.1-0.3 vs. 0.4-0.75 mm). R. lanceolifer has densely
pilose receptacles with a short intervallum, in R. albimonasteri-
us the receptacle is at most sparsely pilose and the intervallum
is absent.

Specimens seen — Croatia, Baranja, Osijek-Baranja Coun-
ty, 10277.4: Beli Manastir, s Beli Manastir, ca. 200 m w der
Bahn, 400 m n Umspannwerk, 95 m, 45°43°14”N 18°37°40”E,
im Hainbuchen-Wald und Waldrand, 26 Apr 2022, F.G. Dunkel,
Du-40600.
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Fig. 40 — Distribution map of Ranunculus biformis group.
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6 Determination key (for the species of Croatia)

1 cataphylls present, receptacle pilose, carpellophores short; robust plants, leaves of big size, 30—-100 mm long,
5.1.1. R. cassubicifolius

at the western edge of Croatia

1* cataphylls absent, receptacle glabrous or scarcely pilose, basal leaves mostly divided
2 flowers always complete, i.e. regularly 5 petals, fruits only with well developed achenes (diploid sexual species)
2* at least some flowers incomplete, i.e. less than 5 petals, fruits with badly developed, i.e. small, infertile achenes

3 one or two leaves — initial and/or final leaf — undivided (or
3* all leaves divided, main incision of final leaves >50%

main incision up to 40%)

5.2.10 R. subcarniolicus

1-68
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4 in humid meadows at the Lika region
4* in forests or parks elsewhere

5.2.6 R. mutilicensis
5

1-68

5 final leaves wide-angled, leaf edge with coarse triangled teeth, leaf cycle heterophyllous, fourth leaf with wide-angled base,

floodplain forests and Park Maksimir at Zagreb (see also R. dobranus at Ogulin)
5* final leaves narrow-angled to V-formed
6 final leaves irregulary crenate-serrate to serrate, in hornbeam forests near Medinci
6*final leaves with crenated or crenate-serrate leaf edge, along brooks or rivulets
7 plants at subalpine meadows, or in beech forests > 1000 m a.s.l.
7* plants at colline or montane level <700 m

5.2.8 R. calapius
6
5.2.13 R. slavonianus

5.2.7 R. austroslovenicus

8
10

8 Ucka (MonteMaggiore), leaves undivided with long acute teeth in beech forest (or subalpine meadows) (extinct?)

8* Velebit Mountains, at subalpine meadows

5.2.4 R. istriacus
9

9 receptacle glabrous, all leaves widely angled, base > 150°, largest segment of cauline leaves undivided (or with one tooth),

gracile plants, base of final leaves wide-angled, receptacle glabrous

5.2.5 R. istriacoides

9* receptacle pilose, spring and final leaves narrowly angled to V-formed, largest segment of cauline leaves with 28 teeth,

slim plants
10(7) first and last basal leaf undivided
10* first and/or last basal leaf divided
11 seventh leaf wide-angled (aperture at the base >100°), only Turopolje

11* first and final leaves narrowly angled (to V-formed) ( R. baranjanus group), NO Croatia

12 spring leaves with 2—4 lateral (radial) incisions, aperture at the base mostly 0-20°
12* spring leaves with 0—1 lateral incision, aperture at the base mostly (40—100°)

13 main incision of spring leaves wide angled (50—75°)

13* main incision of spring leaves < 50°, >3 leaves undivided

14(10) middle lobes of the spring leaves asymmetrical, with > 9 teeth

14* middle lobes of the spring leaves symmetrical with <9 teeth

15 final leaves with wide-angled base, largest cauline leaf segment with 2—8 teeth
15* final leaves with narrow-angled base, largest cauline leaf segment with 0—1 tooth
16 large flowers with (3—)5 petals, Zagreb county

16* small flowers with 0—1 petals, Nova Gradiska

17(14) alder swamp forests in the Plitvice Lake National Park

17* in hornbeam forests, occasionally in ditches

18 > 3 leaves with narrowly deltoid middle lobe

18* 0—1 leaves with narrowly deltoid middle lobe

19 fourth to seventh leaf wide-angled, receptacle 2.7-3.5 mm, Bela Manastir

19* fourth to seventh leaf narrow-angled, receptacle 6.0-8.0 mm, Bebrina

20(18) angles of basal leaves constant

20* angles of basal leaves variable

21 all basal leaves narrow-angled

21* all basal leaves wide-angled

22 final leaves undivided, initial leaf irregular, with 23 lateral incisions, heterophyllous, Ogulin

5.2.22 R. velebiticus

11

14

5.2.16 R. turopoljensis
12

5.2.1 R. baranjanus

13

5.2.2 R. rondocroaticus
5.2.3 R. marinianaénsis
15

17

5.2.17 R. poldinioides
16

5.2.20 R. schlosseri
5.2.18 R. gradiscanus
5.2.19 R. plitvicensis
18

19

20

5.2.22 R. albimonasterius

5.2.15 R. posavinanus
21

23

5.2.20 R. divisior

22

5.2.9 R. dobranus

22* final leaves cleft to divided by main incision, inital leaf with 0—1 lateral incision, homophyllous, Slavonia

23(20) (3—)4 leaves dissected by main incision, Purdevac
23* 2(-3) leaves dissected by main incision, Slavonski Brod
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1a

Croati

ricomus in

DUNKEL * Ranunculus au

species ::%-”accmm_._. coefficient | ploidy location ecology oM_m__MM%M: elevation | latitude longitude
R. albimonasterius Du-40496 1,27 4 | Baranja, Beli Monastir, Haljevo forest forest edge, coppice 26.Apr.22 |95 m 45,720833 | 18,627222
R. austroslovenicus Du-35325 0,69 2 | Ogulin, Setaliste Krlenac, Dobra riverside | brook edge 22.Apr.18 | 317 m 45,259806 | 15,223472
R. austroslovenicus cf. | Du-35720 0,7 2 | Ogulin, Klek forest margin 22.Apr.18 [ 536 m 45,254028 | 15,176444
R. baranjanus Du-36632 1,33 4 | n Osijek, Tikve$, hunting castle, alley under trees 12.Apr.19 (84 m 45,671660 | 18,845749
R. baranjanus Du-36633 1,32 4 | n Osijek, Tikves, SO to the hunting castle | oak forest 12.Apr.19 |87 m 45,669953 | 18,847201
R. calapius Du-35778 0,69 2 | Domaslovec, Domaslovecka ulica oak-elm tree-forest 21.Apr.18 | 129 m 45,810028 | 15,765250
R. calapius Du-35342 0,68 2 | Karlovac county, Orlovac humid oak-hornbeam forest 23.Apr.18 | 118 m 45,519083 | 15,612972
R. calapius Du-35351 0,68 2 | Orlovac (loc. 170 4.2018) humid oak-hornbeam forest 23.Apr.18 | 117 m 45,519083 | 15,612972
R. calapius Du-35724 0,7 2 | Karlovac, Popovi¢ Brdo humid oak-hornbeam forest 23.Apr.18 114 m 45,467222 | 15,629250
R. calapius Du-35724 0,69 2 | Karlovac, Popovi¢ Brdo humid oak-hornbeam forest 23.Apr.18 | 114 m 45,467222 | 15,629250
R. calapius cf. Du-32742 1,38 4 | Karlovac, E Gornje Mekusje humid hornbeam wood 25.Apr.15 | 115 m 45,481333 | 15,593366
R. calapius Du-34889 0,68 2 | Karlovac, Orlovac floodplain forest, trough 10.Apr.17 [ 114 m 45518944 | 15,570917
R. calapius Du-34889 0,68 2 | Karlovac, Orlovac floodplain forest, trough 10.Apr.17 | 114 m 45,518944 | 15,570917
R. cassubicifolius Du-34897 0,62 2 | Breganica valley brookside 09.Apr.17 | 201 m 45,815528 | 15,643342
R. croaticola Du-36631 1,38 41 5.2 km NE to Slatina hornbeem forest 12.Apr.18 | 100 m 45,718888 | 17,763888
R. croaticola Du-34911 1,35 4 | Daruvar, Julijev Park along the railway alley under trees, parkside 11.Apr.17 | 168 m 45,595840 | 17,227277
R. croaticola Du-34896 1,42 4 | Sveti lvan Zabno 1,6 km N hornbeem forest 11.Apr.17 | 126 m 45931232 | 16,607457
R. istriacoides Du-37864 1,26 4 | Velebit, Krasno Polje, Jezera subalpine meadows 07.Jun.20 | 1390 m 44,802222 | 15,020555
R. istriacoides Du-37864 1,26 4 | Velebit, Krasno Polje, Jezera subalpine meadows 07.Jun.20 | 1390 m 44,802222 | 15,020555
R. marinianaénsis Du-40552 1,23 4 | Donji Miholjac, w Rakitovica willow shrub 15.Apr.22 | 100 m 45,710277 | 18,164722
R. mutilicensis Du-39590 0,65 2 | Krbavsko polje, Mutili¢ humid meadow 28.Apr.22 | 690 m 44,496111 | 15,759722
R. mutilicensis Du-39590 0,53 2 | Krbavsko polje, Mutili¢ humid meadow 28.Apr.22 | 690 m 44,496111 | 15,762500
R. posavinanus Du-40467 1,26 4 | Stupnicki Kuti grassy ditch 27.Apr.22 |90 m 45,115000 | 17,819166
R. schlosseri Du-40571 1,28 4 | Turopolje, e Velika Gorica meadow 27.Apr.22 | 100 m 45704722 | 16,196111
R. schlosseri Du-40571 1,3 4 | Turopolje, e Velika Gorica meadow 27.Apr.22 | 100 m 45,704722 | 16,196111
R. slavonianus Du-40439 0,69 2 | Veranesevci, e Medinci hornbeam forest 15.Apr.22 | 130 m 45,743055 | 17,806388
R. slavopontinus Du-40558 1,3 4 | Slavonski Brod, w Ljeskove vode oak hornbeam forest 26.Apr.22 |245m 45,241888 | 18,084722
R. Du-34886 0,69 2 | Gospic, Jasikovac (1,8 km S Gospic) source area 10.Apr.17 | 570 m 44,529389 | 15,375083
R. turopoljensis Du-34904 1,37 4 | Zagreb, Franje, Kraylovac deciduous forest, brookside 10.Apr.17 | 181 m 45,664639 | 15,840500

Tab. 1 — results of flow cytometric measurements of Croatian populations.
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