
Notes on the Ramalina pollinaria group (Ramalinaceae, 
Ascomycota) in Poland, with the first records of R. arsenii 
from the country

Martin Kukwa1*, Rafał Szymczyk2 & Emilia Anna Ossowska1

Abstract. The Ramalina pollinaria group is comprised of three species in Poland: R. arsenii, 
R. europaea and R. pollinaria. Their presence in the country is confirmed by sequencing 
the nuITS rDNA barcode marker. Ramalina arsenii is reported from Poland for the first 
time and this is the first corticolous record of this species. All species are characterized 
and compared morphologically.
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Introduction

The family Ramalinaceae C. Agardh consists mostly of 
genera with crustose thalli. However, four genera are 
fruticose. Three of these are endemic to the Pacific coastal 
deserts of the New World (Niebla Rundel & Bowler and 
most species of Vermilacinia Spjut & Hale) and the 
Atlantic coast of south-western Africa (Namibialina Spjut 
& Sérus. and one Vermilacinia species). The fourth genus, 
Ramalina Ach., contains around 230 species. It is more 
widely distributed and is considered subcosmopolitan 
(Spjut 1995; Spjut et al. 2020; Sérusiaux et al. 2021). 

Species of Ramalina are often highly variable in terms 
of both morphology and chemistry, and can exhibit sig-
nificant variation even within the same locality. This has 
led to the description of numerous species or intraspecific 
taxa (Motyka 1962), many of which are now regarded 
as chemotypes or morphotypes of a single species (e.g., 
Nimis 2016; LaGreca et al. 2020; Martellos et al. 2023). 
So far, fourteen species have been reported from Poland 
(Fałtynowicz et al. 2024). This number includes Ramalina 
pollinaria (Westr.) Ach., a sorediate species with shiny 
thallus surface, which produces usnic and evernic acids 
(Smith et al. 2009). This species also showed quite a lot of 
variability in morphology, and has recently been divided 
into four distinct species that differ in morphology and 
geographical distribution. These are R. arsenii Sérus., van 
den Boom & Magain, which is considered exclusively 

saxicolous, R. europaea Gasparyan, Sipman & Lücking 
R. pollinaria s.str., which has a Eurasian distribution, and 
R. labiosorediata Gasparyan, Sipman & Lücking, which is 
known only from North America (Gasparyan et al. 2017; 
Sérusiaux et al. 2021; Kashiwadani et al. 2023; Sharifi 
et al. 2025). The latter three species can grow on tree 
bark and rock surfaces (Gasparyan et al. 2017; Sharifi 
et al. 2025). So far, only R. europaea and R. pollinaria 
have been reported in Poland (Fałtynowicz et al. 2024; 
Szymczyk et al. 2024), but their identification has not 
been confirmed by sequencing the nuITS rDNA, a barcode 
marker which allows the separation of these species with 
certainty. This paper presents the first molecular evidence 
to confirm the presence of R. europaea and R. pollinaria 
in Poland. Additionally, we present the first records of 
R. arsenii in Poland, which are also the first corticolous 
records for the species.

Materials and methods

Taxon sampling

Fresh specimens were collected during fieldwork in 
Poland by M. Kukwa and R. Szymczyk. The specimens 
have been deposited in the lichen collection at the Uni-
versity of Gdańsk (UGDA). Morphology was examined 
using a stereomicroscope Nikon SMZ800N. Secondary 
substances were studied using thin-layer chromatography, 
following the protocols presented by Orange et al. (2001). 

DNA extraction, PCR amplification and sequencing

We successfully obtained molecular data from seven-
teen specimens of the Ramalina pollinaria group. DNA 
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was isolated using a modified CTAB method (Guzow-
Krzemińska & Węgrzyn 2000). The primers used for 
DNA amplification were ITS1F (Gardes & Bruns 1993) 
and ITS4 (White et al. 1990). PCR amplification followed 
the protocol outlined in previous studies (Ossowska et al. 
2018, 2019). The sequencing was performed by Macrogen 
(http://www.macrogen.com). The sequences were aligned 
in Auto Assembler v. 1.4.0 (Parker 1997). The newly 
obtained nucITS rDNA sequences of Ramalina spp. were 
deposited in the GenBank database (http://www.ncbi.nlm.
nih.gov/genbank), and their accession numbers are listed 
in Table S1. 

Sequence alignment and phylogenetic analyses

The newly generated nuITS rDNA sequences, together 
with selected representatives of Ramalina spp., were 
aligned in SeaView v. 4 (Galtier et al. 1996; Gouy et al. 
2010) using the algorithm MUSCLE v. 3.5 (Edgar 2004). 
The final alignment consisted of 55 ITS rDNA sequences 
and 832 characters. Three sequences of Ramalina fastigi-
ata were used as an outgroup, including one generated in 
this study. The dataset was subjected to IQ-TREE analy-
sis to find the best-fitting nucleotide substitution models 
(Nguyen et al. 2015; Kalyaanamoorthy et al. 2017; Hoang 
et al. 2018) and the TN+G4 model was used for the phy-
logenetic analysis under the maximum likelihood criterion 
and followed with 1,000 bootstrap replicates (Nguyen et al. 
2015; Kalyaanamoorthy et al. 2017; Hoang et al. 2018). 

A Bayesian analysis was carried out using the Markov 
Chain Monte Carlo (MCMC) method, in MrBayes v. 3.2.7a 
(Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 
2003) on the CIPRES Web Portal (Miller et al. 2010). 
Two parallel MCMC runs were performed, each using 
four independent chains and ten million generations, 
sampling every 1,000th tree. Posterior probabilities (PP) 
were determined by calculating a majority-rule consensus 
tree after discarding the initial 25% trees of each chain 
as the burn-in. Convergence between runs was also ver-
ified using the Potential Scale Reduction Factor (PSRF) 
with all values equal or close to 1.000. Phylogenetic trees 
were visualized using FigTree v. 1.4.3 (Rambaut 2009) 
and further modified in Inkscape (https://inkscape.org/). 
PP ≥ 0.95 and BS ≥70 were considered to be significant 
and are shown near the branches on the phylogenetic tree. 

Results and discussion

The final DNA sequence alignment included sequences 
from 6 species, resulting in a total of 832 characters, 245 
distinct patterns, 67 parsimony-informative sites, 48 sin-
gleton sites and 717 constant sites. The sequences of the 
Ramalina pollinaria group are divided into four distinct 
and well-supported lineages. These lineages represent four 
species: R. arsenii, R. europaea, R. labiosorediata, and 
R. pollinaria (see Fig. 1). Additionally, some sequences 
uploaded to GenBank as R. pollinaria were included in our 
phylogeny. The sequence of R. aff. pollinaria from China 
(GenBank accession no. JF923612) was also included 
by Gasparyan et al. (2017). In both our study and their 
own, this sequence does not group with any species with 

high support (Fig. 1). Perhaps the material belongs to an 
undescribed species. Four sequences (GenBank accession 
nos. JF923602, MN954836, MN006794 and OK577934) 
cluster with two sequences of R. intermedia (Delise ex 
Nyl.) Nyl. (Fig. 1), however, their relationship to that 
species requires further study. 

We generated 16 new sequences from specimens 
belonging to the R. pollinaria group collected in Poland. 
Eight of these sequences belong to R. europaea, as they 
cluster together with sequences from this species, includ-
ing the type specimen. Two sequences fit in the R. arsenii 
clade (together with the sequence obtained from the type) 
and six in the R. pollinaria clade. 

The species

For the key to the species of the Ramalina pollinaria 
group, see Gasparyan et al. (2017) and Sérusiaux et al. 
(2021). 

Ramalina arsenii Sérus., van den Boom & Magain, The 
Lichenologist 53(6): 434. 2021. 	 (Fig. 2)

Notes. For a detailed description see Sérusiaux et al. 
(2021). 

In the Ramalina pollinaria group the species is charac-
terized by irregularly lip-shaped, rather large soralia that 
develop on the underside of the lobes, usually small thalli 
(up to 3 cm long) and the ITS barcode (Sérusiaux et al. 
2021). According to Sérusiaux et al. (2021) and Sharifi 
et al. (2025), it can also be distinguished within the group 
by its saxicolous habitat, as it has only been reported on 
calcareous rocks. However, Polish specimens were found 
on the bark of trees, meaning that this character is no 
longer discriminatory. The Polish samples were initially 
identified as R. europaea because they had more or less 
oval soralia and few short branchlets producing small 
soralia (Fig. 2B, C), which resembled Fig. 2 in Gaspar-
yan et al. (2017). However, some lip-shaped soralia, 
which are characteristic of R. arsenii, were also present 
(Fig. 2C–F). Nevertheless, similar (sub)terminal soralia 
were also found in R. europaea (Fig. 3A, F), but these 
were always accompanied by numerous small branchlets 
bearing punctiform soralia (Fig. 3A–D) or with additional 
more or less vaulted (more or less helmet-shaped) soralia 
(Fig. 3E, F) reported also by Gasparyan et al. (2017). 
Based on the morphology and substrate preferences of the 
specimens sequenced for this paper, we conclude that the 
determination of specimens without numerous branchlets 
bearing soredia and vaulted soralia should always be con-
firmed through ITS barcoding. 

Ramalina arsenii is very similar to R. labiosorediata, 
another member of the R. pollinaria group. The two spe-
cies differ primarily in their distribution as R. arsenii 
occurs in Eurasia, while R. labiosorediata is only known 
from North America (Gasparyan et al. 2017; Sérusiaux 
et al. 2021). Ramalina pollinaria can sometimes pro-
duce labriform soralia, but this species is characterized 
by predominantly laminal soralia that are produced on 
the lower part of the lobe surfaces (and sometimes also 
on the upper part), as well as on the lobe margins or 

http://www.macrogen.com
http://www.ncbi.nlm.nih.gov/genbank
http://www.ncbi.nlm.nih.gov/genbank
https://inkscape.org/
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subterminally (Gasparyan et al. 2017; Sérusiaux et al. 
2021; Sharifi et al. 2025).

Habitat. According to Sérusiaux et al. (2021) and Sharifi 
et al. (2025), R. arsenii is a saxicolous lichen. However, 
both specimens found in Poland were growing on the 
bark of solitary trees. These are the first records of the 
species on a substrate other than stone. 

Distribution. So far, Ramalina arsenii has been reported 
from France, Germany, Italy, Spain and Switzerland in 
Europe (Sérusiaux et al. 2021; Martellos et al. 2023), and 
in Asia from Iran (Sharifi et al. 2025) and Russia (Altai 
Mts) (Kashiwadani et al. 2023). In this paper the species 
is reported from Poland for the first time. It was found in 
the Tatra Mts in the Carpathians in southern Poland and 
in the lowland area in the northern part of the country. 

Specimens examined (all used for DNA sequencing; see 
Table S1). POLAND. Żuławy Wiślane, S of Szaleniec, 
54.032463°N, 19.260499°E, alt. ~1 m, roadside trees, on Fraxi-
nus excelsior, 30 Jul. 2024, M. Kukwa 26325 (UGDA L-66776). 
Tatry Reglowe, Tatrzański National Park, Dolina Kościeliska, 
alt. 970 m, trees on the glade, on Tilia cordata, 09 Sept. 2025, 
R. Szymczyk s.n. (UGDA L-68770). 

Ramalina europaea Gasparyan, Sipman & Lücking, The 
Lichenologist 49(4): 306. 2017. 	 (Fig. 3)

Notes. For a detailed description see Gasparyan et al. 
(2017). 

Typical specimens of Ramalina europaea possess 
small, spine-like branchlets near the lobe tips, from which 
the soralia start out as punctiform, granular structures 
(later they can be more or less labriform), and granular 

Figure 2. Morphology of Ramalina arsenii. A, E – upper surface of lobes; B–D, F – lower surface of lobes (A–D – UGDA L-66776; E, F – 
UGDA L-68770). Scales = 1 mm.
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soredia (Fig. 3A–D). Sometimes vaulted (more or less 
helmet-shaped) soralia are also present (Fig. 3E, F). 
These characteristics clearly differentiate the species 
from R. arsenii and R. pollinaria (Gasparyan et al. 2017; 
Sérusiaux et al. 2021). The differences with R. arsenii are 
discussed under the latter species. Ramalina pollinaria 
has more irregular and larger soralia, which are produced 
on the lower side of the lobe surfaces (sometimes also on 
the upper side), along the lobe margins or subterminally. 
Additionally, the soredia are farinose (less than 50 μm in 
diam.) (Gasparyan et al. 2017; Sérusiaux et al. 2021; Sha-
rifi et al. 2025). Gasparyan et al. (2017) pointed out that 
older soralia are rather similar and that some specimens 
(young, old or depauperate) can be intermediate in the 
thallus morphology and cannot be assigned with certainty 
to R. europaea or R. pollinaria without molecular data. 

Sharifi et al. (2025) also noted that the soralia can appear 
more or less labriform in both species. We sequenced 
some specimens with quite numerous branchlets in one 
part of the thallus, similar to R. europaea (one of them 
present in Fig. 4E, F), but on the other part of the same 
thallus, laminal, subterminal and marginal soralia were 
present as in R. pollinaria (Fig. 4D). The nuITS sequences 
placed such samples in R. pollinaria. 

Helmet-shaped soralia are also found in Ramalina 
baltica Lettau and R. obtusata (Arnold) Bitter, which, like 
R. europaea, also produces evernic acid (Motyka 1962; 
Nowak & Tobolewski 1975; Sharifi et al. 2025). These 
two species can be easily differentiated by the absence 
of spine-like branchlets and the fact that their soralia are 
formed in the convex and hollow thallus lobes (Motyka 
1962; Nowak & Tobolewski 1975; Sharifi et al. 2025). 

Figure 3. Morphology of Ramalina europaea. A, B, D – upper surface of lobes, with some of lobes turned over; C – lower side of lobes; E, F – 
lower side of lobes with vaulted (more or less helmet-shaped) soralia (A, B, D, E – UGDA L-65480; C, F – UGDA L-68768). Scales = 1 mm.
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Habitat. According to Gasparyan et al. (2017) and Sharifi 
et al. (2025), R. europaea has a pretty wide habitat spec-
trum and can grow on various rocky substrata and various 
tree species. In Poland, the species was found mostly on 
the bark of trees, but also on brick. 

Gasparyan et al. (2017) reported that the species was 
found in forests, but most of the Polish samples were 
found on roadside trees. 

Distribution. Up to now Ramalina europaea is known 
from Austria, Belgium, Czechia, Finland, France, Nor-
way, Latvia, Lithuania, Romania, the European part of 
Russia, Poland, Spain, Sweden, Switzerland and Ukraine 
in Europe (Gasparyan et al. 2017; Malíček et al. 2018; 
Dietrich et al. 2019; Khodosovtsev & Darmostuk 2020; 
Sérusiaux et al. 2021; Motiejūnaitė 2024; Szymczyk et al. 

2024; Moisejevs et al. 2024) and Armenia, Iran, Russia 
(North Caucasus) and Turkey in Asia (Gasparyan et al. 
2017; Sérusiaux et al. 2021; Sharifi et al. 2025). 

So far, the species has only been recorded from the 
northern part of Poland, but unpublished observations 
suggest that it may be more widespread in the country. 
The distribution of the species in Poland will be discussed 
in an upcoming paper. 
Specimens examined (all used for DNA sequencing; see 
Table S1). POLAND. Kraina Wielkich Jezior Mazurskich, near 
Sztynort, 54.1379°N, 21.6736°E, roadside trees, on Quercus 
robur, 29 May 2024, R. Szymczyk s.n. (UGDA L-68769). 
Pojezierze Łasińskie, near Limża, 53.6101°N, 19.2091°E, 
roadside trees, on Quercus robur, 24 Sept. 2024, R. Szymczyk 
s.n. (UGDA L-65480). Pojezierze Olsztyńskie, Gietrzwałd, 
53.7480°N, 20.2357°E, brick walls, on brick, 30 Oct. 2025, 

Figure 4. Morphology of Ramalina pollinaria. A, D, E – upper surface of lobes; B, C, F – lower side of lobes (A–C – UGDA L-68764; D–F – 
UGDA L-68772). Scales = 1 mm.
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R. Szymczyk s.n. (UGDA L-68093). Równina Bielska, Pusz-
cza Białowieska, Chryzanów, 52.8143°N, 23.6310°E, open 
area, on twigs of Quercus robur, 10 Dec. 2024, R. Szymczyk 
s.n. (UGDA L-69071). Równina Warmińska, near Dobry, 
54.1293°N, 19.9409°E, roadside trees, on Quercus robur, 
25 May 2024, R. Szymczyk s.n. (UGDA L-68767 & 68768). 
Równina Warmińska, Surowe, 54.0375°N, 19.7694°E, road-
side trees, on Fraxinus excelsior, 08.10.2024, R. Szymczyk s.n. 
(UGDA L-65484). Wysoczyzna Białostocka, Puszcza Knyszyń-
ska, Sokołda, ~53.248°N, 23.472°E, roadside trees, on Quercus 
robur, 2024, R. Szymczyk s.n. (UGDA L-68762).

Ramalina pollinaria (Westr.) Ach., Lichenographia Uni
versalis: 608. 1810. 	 (Fig. 4)

Notes. For a detailed description see Gasparyan et al. 
(2017) and Sharifi et al. (2025). 

Well-developed specimens of Ramalina pollinaria 
produce more irregular and larger soralia, which are 
situated on the lower side of the lobe surfaces (and some-
times also on the upper side), along the lobe margins or 
subterminally; they can sometimes become labriform. 
The soredia are farinose (less than 50 μm in diam.) 
(Gasparyan et al. 2017; Sérusiaux et al. 2021; Shar-
ifi et al. 2025). The differences between this species 
and R. arsenii and R. europaea are discussed under the 
respective species.

Habitat. Although Ramalina pollinaria is usually epi-
phytic, it has also been reported from rocky substrate 
(Gasparyan et al. 2017; Sharifi et al. 2025). The speci-
mens reported here were found on the bark and twigs of 
deciduous trees, typically in alleys or forests.

Distribution. Ramalina pollinaria has been reported in 
several regions worldwide; however, after the distinc-
tion of R. arsenii and R. europaea, these records require 
revision. So far, the species, as defined by Gasparyan 
et al. (2017), has been found in Armenia, Azerbaijan, 
Belarus, Iran, the Netherlands, Pakistan, Russia, Sweden 
and Switzerland (Gasparyan et al. 2017; Sharifi et al. 
2025; literature cited therein). However, it is very prob-
ably more widespread. 

Numerous records of the species from Poland exist 
(Fałtynowicz et al. 2024); however, many of these records 
belong to R. europaea (Kukwa, unpubl.). In this paper, 
we present the first Polish records of the species, that are 
confirmed by molecular data. 
Specimens examined (all used for DNA sequencing; see 
Table S1). POLAND. Nizina Sępopolska, Michałkowo, 
54.3184°N, 21.2963°E, roadside trees, on Fraxinus exelsior, 
25 Oct. 2024, R. Szymczyk s.n. (UGDA L-68763, 68764 & 68765). 
Równina Warmińska, near Olkowo, 54.1039°N, 20.0335°E, 
roadside trees, on Tilia cordata, 10 Oct. 2024, R. Szymczyk 
s.n. (UGDA L-65482 & 65486). Wysoczyzna Elbląska, Wyso-
czyzna Elbląska Landscape Park, Dolina rzeki Grabianki valley, 
54.2654°N, 19.5332°E, deciduous forest, on twigs of Fraxinus 
excelsior, 22 Sept. 2025, R. Szymczyk s.n. (UGDA L-69072).

Acknowledgements

Authors would like to thank two reviewers for their helpful 
comments. The paper is dedicated to Andre Aptroot for his 
great contributions to lichenology. 

Data availability 

The datasets generated and/or analyzed during the current study 
are available in the GenBank repository. The accession numbers 
are available in Supplementary materials (Table S1). The align-
ment was deposited in figshare.com (https://doi.org/10.6084/
m9.figshare.32298300).

Author contributions

Conceptualization: M.K., R.Sz. and E.A.O.; methodology: M.K. 
& E.A.O.; formal analysis: E.A.O.; specimens collecting and 
determining: M.K. and R.Sz.; laboratory works: E.A.O.; mor-
phological and chemical analyses of specimens: M.K. and R.Sz.; 
writing original draft preparation: M.K. and E.A.O. (material and 
methods); writing – review and editing: M.K., R.Sz. and E.A.O. 

ORCID

Martin Kukwa  https://orcid.org/0000-0003-1560-909X
Emilia Anna Ossowska  https://orcid.org/0000-0002-1357-
6071
Rafał Szymczyk  https://orcid.org/0000-0002-0567-8641

Supplementary electronic materials

Table S1. Specimens of Ramalina used in molecular analysis with 
locality, voucher information, GenBank accession numbers and list of 
references. Sequences generated for this study are in bold. Note. Se-
quences of R. arsenii presented by Moon et al. (2016) and Kashiwadani 
et al. (2021) were deposited in GenBank as R. pollinaria. Download file

References

Dietrich, M., Groner, U., Keller, C., Scheidegger, C., Vust, M. & Zim-
mermann, E. 2019. Beiträge zur lichenologischen Erforschung der 
Schweiz – Folge 1. Meylania 64: 7–21.

Edgar, R. C. 2004. MUSCLE: multiple sequence alignment with high ac-
curacy and high throughput. Nucleic Acids Research 32: 1792–1797. 
https://doi.org/10.1093/nar/gkh340

Fałtynowicz, W., Czarnota, P., Krzewicka, B., Wilk, K., Jabłońska, A., 
Oset, M. Ossowska, E. A., Śliwa, L. & Kukwa, M. 2024. Lichens 
of Poland. A fifth annotated checklist. W. Szafer Institute of Botany, 
Polish Academy of Sciences, Kraków. https://doi.org/10.35535/978-
83-62975-47-1

Galtier, N., Gouy, M. & Gautier, C. 1996. SeaView and Phylo_win: 
two graphic tools for sequence alignment and molecular phylogeny. 
Computer Applications in the Biosciences 12: 543–548. https://doi.
org/10.1093/bioinformatics/12.6.543 

Gardes, M. & Bruns, T. D. 1993. ITS primers with enhanced specificity 
for basidiomycetes-application to the identification of mycorrhizae 
and rust. Molecular Ecology 2: 113–118. https://doi.org/10.1111/
j.1365-294X.1993.tb00005.x 

Gasparyan, A., Sipman, H. J. M. & Lücking, R. 2017. Ramalina euro-
paea and R. labiosorediata, two new species of the R. pollinaria 
group (Ascomycota: Ramalinaceae), and new typifications for Li-
chen pollinarius and L. squarrosus. The Lichenologist 49: 301–319. 
https://doi.org/10.1017/S0024282917000226

Gouy, M., Guindon, S. & Gascuel, O. 2010. SeaView version 4: a mul-
tiplatform graphical user interface for sequence alignment and 
phylogenetic tree building. Molecular Biology and Evolution 27: 
221–224. https://doi.org/10.1093/molbev/msp259 

Guzow-Krzemińska, B. & Węgrzyn, G. 2000. Potential use of restriction 
analysis of PCR-amplified DNA fragments in taxonomy of lichens. 
Mycotaxon 76: 305–313. https://doi.org/10.5962/p.414733

Hoang, D. T., Chernomor, O., Von Haeseler, A., Minh, B. Q. & Vinh, L. S. 
2018. UFBoot2: Improving the ultrafast bootstrap approximation. 

https://doi.org/10.6084/m9.figshare.32298300
https://doi.org/10.6084/m9.figshare.32298300
https://orcid.org/0000-0003-1560-909X
https://orcid.org/0000-0002-1357-6071
https://orcid.org/0000-0002-1357-6071
https://orcid.org/0000-0002-0567-8641
https://pfsyst.botany.pl/SuppFile/224544/1/
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.35535/978-83-62975-47-1
https://doi.org/10.35535/978-83-62975-47-1
https://doi.org/10.1093/bioinformatics/12.6.543
https://doi.org/10.1093/bioinformatics/12.6.543
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1017/S0024282917000226
https://doi.org/10.1093/molbev/msp259
https://doi.org/10.5962/p.414733


82 Plant and Fungal Systematics 71(1): 75–82, 2026

Molecular Biology and Evolution 35(2): 518–522. https://doi.
org/10.1093/molbev/msx281

Huelsenbeck, J. P. & Ronquist, F. 2001. MRBAYES: Bayesian infer-
ence of phylogenetic trees. Bioinformatics 17: 754–755. https://
doi.org/10.1093/bioinformatics/17.8.754

Kalyaanamoorthy, S., Minh, B. Q., Wong, T. K. F., von Haeseler, A. 
& Jermiin, L. S. 2017. ModelFinder: Fast model selection for ac-
curate phylogenetic estimates. Nature Methods 14(6): 587–589. 
https://doi.org/10.1038/nmeth.4285 

Kashiwadani, H., Moon, K. H., Han, J. E. & Takeshita, S. 2023. Three 
new Ramalina species (Ramalinaceae) from Japan and Korea. 
Journal of Japanese Botany 98: 304–318. https://doi.org/10.51033/
jjapbot.ID0161

Khodosovtsev, A. & Darmostuk, V. 2020. Records of lichen species 
new for Ukraine from steppe habitats of the country. Botanica 
Serbica 44: 243–250. https://doi.org/10.2298/BOTSERB2002243K

LaGreca, S., Lumbsch, H. T., Kukwa, M., Wei, X., Han, J. E., Moon, 
K. H., Kashiwadani, H., Aptroot, A. & Leavitt, S. D. 2020. A mo-
lecular phylogenetic evaluation of the Ramalina siliquosa complex, 
with notes on species circumscription and relationships within Ra-
malina. The Lichenologist 52: 197–211. https://doi.org/10.1017/
S0024282920000110

Malíček, J., Palice, Z. & Vondrák, J. 2018. Additions and corrections 
to the lichen biota of the Czech Republic. Herzogia 31: 453–475. 
https://doi.org/10.13158/heia.31.1.2018.453

Martellos, S., Conti, M. & Nimis, P. L. 2023. Aggregation of Italian 
Lichen Data in ITALIC 7.0. Journal of Fungi 9(5): 556. https://
doi.org/10.3390/jof9050556

Miller, M. A., Pfeiffer, W. & Schwartz, T. 2010. Creating the CIP-
RES Science Gateway for Inference of Large Phylogenetic Trees. 
Proceedings of the Gateway Computing Environments Work-
shop (GCE), 14 Nov., 2010, pp. 1–8. New Orleans. https://doi.
org/10.1109/GCE.2010.5676129 

Moisejevs, R., Degtjarenko, P., Kaupuža, R., Krugļikova, A., Ste-
panova, D., Motiejūnaitė, J., Suija, A., Jüriado, I., Otte, V., Tsury
kau, A., Thell, A. & Piterāns, A. 2024. Updates to the list of Latvian 
lichens and allied fungi, with four new records of lichens for the 
Baltic region. Herzogia 37: 320–327. https://doi.org/10.13158/
heia.37.2.2024.320

Motiejūnaitė, J. 2024. New and noteworthy lichens from Lithuania. 
Botanica 30(2): 70–75. https://doi.org/10.35513/Botlit.2024.2.2

Motyka, J. 1962. Porosty. (Lichenes). 5.2. Usneaceae. Flora polska. 
Rośliny zarodnikowe Polski i ziem ościennych. Państwowe Wy-
dawnictwo Naukowe, Warszawa.

Nguyen, L. T., Schmidt, H. A., Von Haeseler, A. & Minh, B. Q. 2015. 
IQ-TREE: A fast and effective stochastic algorithm for estimating 
maximum-likelihood phylogenies. Molecular Biology and Evolution 
32: 268–274. https://doi.org/10.1093/molbev/msu300

Nimis, P. L. 2016. The Lichens of Italy – a second annotated catalogue. 
EUT Edizioni Università di Trieste, Trieste. 

Nowak, J. & Tobolewski, Z. 1975. Porosty polskie. Opisy i klucze 
do oznaczania porostów w Polsce dotychczas stwierdzonych lub 
prawdopodobnych. Państwowe Wydawnictwo Naukowe, Kraków.

Orange, A., James, P. W. & White, F. J. 2001. Microchemical Methods 
for the Identification of Lichens. British Lichen Society, London.

Ossowska, E., Guzow-Krzemińska, B., Dudek, M., Oset, M. & Kukwa, M. 
2018. Evaluation of diagnostic chemical and morphological charac-
ters in five Parmelia species (Parmeliaceae, lichenized Ascomycota) 
with special emphasis on the thallus pruinosity. Phytotaxa 383: 
165–180. https://doi.org/10.11646/phytotaxa.383.2.3 

Ossowska, E., Guzow-Krzemińska, B., Kolanowska, M., Szczepań-
ska, K. & Kukwa, M. 2019. Morphology and secondary chemistry 
in species recognition of Parmelia omphalodes group – evidence 
from molecular data with notes on the ecological niche modelling 
and genetic variability of photobionts. MycoKeys 61: 39–74. https://
doi.org/10.3897/mycokeys.61.38175 

Parker, S. R. 1997. AutoAssembler sequence assembly software. Meth-
ods in Molecular Biology 70: 107–117. https://doi.org/10.1385/0-
89603-358-9:107

Rambaut, A. 2009. FigTree ver. 1.4.3. http://tree.bio.ed.ac.uk/software/
figtree [accessed 4 Oct. 2016] 

Ronquist, H. & Huelsenbeck, J. P. 2003. MrBayes 3: Bayesian phyloge-
netic inference under mixed models. Bioinformatics 19: 1572–1574. 
https://doi.org/10.1093/bioinformatics/btg180

Sérusiaux, E., van den Boom, P. & Magain, N. 2021. Ramalina arsenii, 
an additional new species in the R. pollinaria group in Western 
Europe. The Lichenologist 53: 433–439. https://doi.org/10.1017/
S0024282921000372

Sharifi, M., Mehregan, I., Larijani, K., Sohrabi, M. & Sipman, H. 2025. 
A synopsis of the lichen genus Ramalina (Ramalinaceae) in Iran. 
Phytotaxa 702: 255–273. https://doi.org/10.11646/phytotaxa.702.3.2

Smith, C. W., Aptroot, A., Coppins, B. J., Fletcher, A., Gilbert, O. L., 
James, P. W. & Wolseley, P. A. (eds). 2009. The lichens of Great 
Britain and Ireland. British Lichen Society, London.

Spjut, R. W. 1995. Vermilacinia (Ramalinaceae, Lecanorales), a new 
genus of lichens. In: Daniëls, F. J. A., Schulz. M. & Peine. J. (eds), 
Flechten Follmann. Contributions to lichenology in Honour of Ger-
hard Follmann, pp. 337–351. Geobotanical and Phytotaxonomical 
Study Group, Botanical Institute, University of Cologne, Cologne. 

Spjut, R., Simon, A., Guissard, M., Magain, N. & Sérusiaux, E. 2020 
The fruticose genera in the Ramalinaceae (Ascomycota, Lecanoro-
mycetes): their diversity and evolutionary history. MycoKeys 73: 
1–68. https://doi.org/10.3897/mycokeys.73.47287

Szymczyk, R., Ossowska, E. A., Guzow-Krzemińska, B., Zalewska, A., 
Kowalewska, A. & Kukwa, M. 2024. New and noteworthy li-
chen species in Poland. Acta Mycologica 59: 192460. https://doi.
org/10.5586/am/192460

White, T. J., Bruns, T., Lee, S. & Taylor, J. 1990. Amplification and 
direct sequencing of fungal ribosomal RNA genes for phyloge-
netics. In: Innis, M. A., Gelfand, D. H., Sninsky, J. J. & White, 
T. J. (eds), PCR Protocols: a Guide to Methods and Applications, 
pp. 315–322. Academic Press, New York. https://doi.org/10.1016/
B978-0-12-372180-8.50042-1

https://doi.org/10.1093/molbev/msx281
https://doi.org/10.1093/molbev/msx281
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.51033/jjapbot.ID0161
https://doi.org/10.51033/jjapbot.ID0161
https://doi.org/10.2298/BOTSERB2002243K
https://doi.org/10.1017/S0024282920000110
https://doi.org/10.1017/S0024282920000110
https://doi.org/10.13158/heia.31.1.2018.453
https://doi.org/10.3390/jof9050556
https://doi.org/10.3390/jof9050556
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.13158/heia.37.2.2024.320
https://doi.org/10.13158/heia.37.2.2024.320
https://doi.org/10.35513/Botlit.2024.2.2
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.11646/phytotaxa.383.2.3
https://doi.org/10.3897/mycokeys.61.38175
https://doi.org/10.3897/mycokeys.61.38175
https://doi.org/10.1385/0-89603-358-9:107
https://doi.org/10.1385/0-89603-358-9:107
http://tree.bio.ed.ac.uk/software/figtree
http://tree.bio.ed.ac.uk/software/figtree
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1017/S0024282921000372
https://doi.org/10.1017/S0024282921000372
https://doi.org/10.11646/phytotaxa.702.3.2
https://doi.org/10.3897/mycokeys.73.47287
https://doi.org/10.5586/am/192460
https://doi.org/10.5586/am/192460
http://ttps://doi.org/10.1016/B978-0-12-372180-8.50042-1
http://ttps://doi.org/10.1016/B978-0-12-372180-8.50042-1

