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Aneura pinguis (Marchantiophyta) has extensively been investigated in Europe. It has been shown that un-
der that name, a large complex of cryptic species exists, which for now, are only identified based on genetic 
markers. Here, we report the results of a preliminary investigation of the genetic composition of Aneura 
pinguis in Bulgaria. Six cryptic species have been genetically identified as occurring in Bulgaria and more 
are expected to be found. 
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Introduction

Liverworts are generally divided into two main 
groups: complex thalloid liverworts (Marchantiopsi-
da), which produce differentiated tissues, and simple 
thalloid and leafy liverworts (Jungermanniopsida), 
which do not produce differentiated tissues. Genus 
Aneura Dumort. belongs to the simple thalloid or-
der Metzgeriales, family Aneuraceae (Schuster 1984). 
Within that order, Aneuraceae is the most species 
rich family, with over 300 taxa listed in TROPICOS 
(Preußing & al. 2010). Being anatomically and mor-
phologically simple, the species among the Aneura-
ceae exhibit overlapping morphological traits, which 
makes the proper species delimitation questionable. 

In the last twenty years, the taxonomic arrange-
ment and geographic distribution of the genus Aneu-
ra have been discussed in a growing number of stud-
ies (Bączkiewicz & Buczkowska 2005; Buczkowska & 
Bączkiewicz 2006; Wickett & Goffinet 2008; Sérgio & 
Garcia 2009; Preußing & al. 2010; Bączkiewicz & Buc-
zkowska 2016; Bączkiewicz &. al. 2017; Myszczyński 
& al. 2017; Anantaprayoon & al. 2023; Long & al. 2023; 
Söderström & al. 2023) based on different datasets, 
such as morphology, genetic markers and ecology. 
Despite the relatively extensive research on the genus, 
a conclusive and well-resolved taxonomic treatment 
has not been established. Only three accepted taxa 
occur in Europe: Aneura pinguis (L.) Dumort., A. mi-
rabilis (Malmb.) Wickett & Goffinet, and A. latissima 
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Spruce (Gradstein 2013; Long & al. 2023). The tropical 
Aneura maxima (Schiffn.) Steph. has been excluded 
as occurring in Europe (Forrest 2015; Paton 2022; 
Long & al. 2023). 

Despite being taxonomically poor in Europe, Aneu-
ra shows remarkable genetic diversity and habitat ver-
satility, growing at altitudes from the sea level, to the 
high-mountain bogs. Based on isozyme (Bączkiewicz 
& Buczkowska 2005) and DNA sequence data 
(Bączkiewicz & Buczkowska 2016; Bączkiewicz & al. 
2017; Myszczyński & al. 2017), it has been shown that 
Aneura pinguis s.l. is a genetically heterogenic group 
of cryptic species, provisionally named from A to J. 
Due to the lack of conclusive morphological charac-
ters, a formal taxonomic rank has not been assigned 
to any of them.

In this work, we present results from the research 
on the genetic composition of Bulgarian populations of 
Aneura s.l. This is also the first attempt for a detailed 
genetic investigation of a Bulgarian liverwort species.

Materials and methods

Thirty-two samples were collected from various 
sites across Bulgaria. The fresh samples were fixed in 
silica gel, until further processing. ITS1-5.8S-ITS2 re-
gions were sequenced, following Bączkiewicz (2017). 
Specimens were deposited in SOM and the access 
to the sequences is available at Barcode of Life Data 
(BOLD) Systems v4 - https://v4.boldsystems.org/in-
dex.php (Table. 1). The obtained chromatograms of 
the DNA sequences were analyzed and edited with 
MEGA 11.0.13 (Tamura & al. 2021), and consensus 
sequences were generated with PhyDe v0.9971 (Mül-
ler & al. 2010). Alignment was generated using the 
algorithm of MUSCLE (Edgar 2004), with Lobati-
riccardia lobata (Schiffn.) Furuki (PGBMA3877-20) 
as an outgroup, obtained from the BOLDSYSTEMS 
database (https://boldsystems.org), and the available 
at NCBI (https://www.ncbi.nlm.nih.gov) sequenc-
es of the Polish genotypes (KY705484, KY705512, 
KY705469, KY705411, KY705524, KY705527, 
KY705509, KY705505, KY705506, KY705500, 

KY705465, KY705452, KY705436, KY705486). The 
final sequences were with total length of 725 nucleo-
tides. A Maximum Likelihood Tree (Fig. 1) was gen-
erated using IQ-TREE multicore version 2.0.7 (Minh 
& al. 2020) for Linux 64-bit, with bootstrap analysis 
of 1000 pseudoreplicates and a GTR + G model. The 
generated tree was visualized and edited with FigTree 
Version 1.4.4. 

Results and discussion

Nine haplotypes were identified in the Bulgarian 
populations of A. pinguis s.l. (Fig. 1). Of these, six have 
been grouped with the already known haplotypes in 
Europe (Bączkiewicz & al. 2017). The most numerous 
clade is the one of “haplotype F”, which is considered 
to be A. pinguis s.str. and is the most widespread in 
Europe (Long & al. 2023). The clade named “Aneura 
sp. 1” grouped the samples, which were identified as 
A. maxima in Bączkiewicz & al. (2017) but were later 
revised in the work of Söderström & al. (2023) as a 
complex undescribed group of species, where also 
groups A. latissima (Long & al. 2023). It is worth men-
tioning that coexistence of more than one haplotype 
seems possible, since Aneura grows abundantly in 
various habitats, displaying pioneer behavior. Some 
of the populations were comprised of thalli with 
very well-developed rhizoids, while others, like those 
growing among Sphagnum or other mosses, seemed 
not to produce any, or just a few. It is not clear, if this 
is in response to the environment, or it is a species 
specific trait, and extensive cultivation experiments 
are needed to clarify the morphological variation in 
different conditions.

Conclusion

Aneura pinguis s.str. is here confirmed as occur-
ring in Bulgaria, based on the nuclear barcode mark-
ers ITS1-5.8S-ITS2. Six cryptic species are found, be-
longing to already described genetic cryptic species 
in Europe. The presence of the formerly reported as 
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Table 1. Herbarium numbers and BOLD Database numbers with geographic coordinates, and elevation.

A. maxima genotype is also confirmed (Ellis & al. 
2021). Three more clades have been identified from 
single samples as new clades, as compared to the al-
ready established ones. Our results indicate consid-
erable haplotype diversity within the Aneura pinguis 
complex. Since our sample number is relatively lim-

ited, a larger number of genotypes may be expected to 
be found in Bulgaria, both with broader occurrence 
in Europe as well as local haplotypes. Discriminative 
morphological or ecological features cannot be estab-
lished for proper species delimitation, the different 
genotypes can be identified only by genetic markers.

Herbarium 
number

BOLD 
database number Latitude Longitude Elevation

12352 SOM 12352-B 42.534779 23.579602 923.16
12353 SOM 12353-B 42.534779 23.579602 923.16
12355 SOM 12355-B 42.552345 23.59608 852
12356 SOM 12356-B 42.552345 23.59608 852
12357 SOM 12357-B 42.548314 23.60344 819.27
12358 SOM 12358-B 42.548314 23.60344 819.27
12359 SOM 12359-B 42.530668 23.582248 933.56
12360 SOM 12360-B 42.530815 23.580977 935.18
12361 SOM 12361-B 42.52908 23.577648 939.88
12362 SOM 12362-B 42.525923 23.58404 937.21
12363 SOM 12363-B 43.222679 23.377412 303
12364 SOM 12364-B 42.252442 23.446521 1201.4
12365 SOM 12365-B 41772487 23.54997 1257.31
12366 SOM 12366-B 41.861812 23.395402 1012.44
12367 SOM 12367-B 41.877091 23.359793 1103.3
12368 SOM 12368-B 42.59046 23.48362 930
12369 SOM 12369-B 41.592755 24.439293 1237
12370 SOM 12370-B 41.591332 24.442228 1320
12371 SOM 12371-B 41.59219 24.44117 1250
12372 SOM 12372-B 41.590927 24.442009 1332
12373 SOM 12373-B 41.59067 24.43982 1370
12374 SOM 12374-B 42.08394 23.610507 1992
12375 SOM 12375-B 42.101696 23.590628 2186.57
12376 SOM 12376-B 42.564603 23.593948 880.97
12377 SOM 12377-B 42.989741 23.100325 727.24
12378 SOM 12378-B 42.62375 22.462809 1591.67
12379 SOM 12379-B 42.227018 23.374725 1504.66
12380 SOM 12380-B 42.229814 23.376333 1437.87
12381 SOM 12381-B 42.230674 23.376662 1434.38
12382 SOM 12382-B 42.229814 23.376333 1437.87
12383 SOM 12383-B 41.85997 23393398 1022.05
12384 SOM 12384-B 42.218997 23.321199 2103



342 Gospodinov, G. & Natcheva, R. • Preliminary investigation of the genus Aneura in Bulgaria

Acknowledgements.  This work was supported by the 
Bulgarian National Science Fund, project “Cryptic species 
in Bulgarian flora - molecular species delimitation in the 
Aneura pinguis complex” (КП-06-Н21/15 19.12.2018).

References

Anantaprayoon, N., Wonnapinij, P. & Kraichak, E. 2023. Inte-
grative approaches to a revision of the liverwort in genus An-
eura (Aneuraceae, Marchantiophyta) from Thailand. – Peer, J., 
11: e16284.

Bączkiewicz, A. & Buczkowska, K. 2005. Genetic variability of 
the Aneura pinguis complex (Hepaticae) in central and western 
Europe. – Biol. Lett. 42: 61-72.

Bączkiewicz, A. & Buczkowska, K. 2016. Differentiation and 
genetic variability of three cryptic species within the Aneura 
pinguis complex (Jungermanniidae, Marchantiophyta). – 
Cryptog. Bryol., 37(1): 3-18. https://doi.org/10.7872/cryb/v37.
iss1.2016.3

Bączkiewicz, A. Szczecińska, M. Sawicki, J. Stebel, A. & Buc-
zkowska, K. 2017. DNA barcoding, ecology and geography of 
the cryptic species of Aneura pinguis and their relationships 
with Aneura maxima and Aneura mirabilis (Metzgeriales, 
Marchantiophyta). – PLoS ONE, 12(12): e0188837. https://doi.
org/10.1371journal.pone.0188837

Buczkowska, K. & Bączkiewicz, A. 2006. Aneura maxima, a 
liverwort new to Poland. – Cryptog. Bryol., 27(4): 453-458. 
https://sciencepress.mnhn.fr/en/periodiques/bryologie/27/4/
aneura-maxima liverwort-new-poland

Ellis, L.T., Ah-Peng, C., Aslan, G., Bakalin, V.A., Bergamini, 
A., Callaghan, D.A., Campisi, P., Raimondo, F.M., Choi, 
S.S., Csiky, J., Csikyné Radnai, É., Cykowska-Marzencka, 
B., Czernyadjeva, I.V., Kalinina, Yu.M., Afonina, O.M., Do-
mina, G., Drapela, P., Fedosov, V.E., Fuertes, E., Gabriel, R., 
Kubová, M., Soares Albergaria, I., Gospodinov, G., Natcheva, 
R., Graulich, A., Hedderson, T., Hernández-Rodríguez, 
E., Hugonnot, V., Hyun, C.W., Kırmacı, M., ,Çatak, U., 
Kubešová, S., Kučera, J., La Farge, C., Larraín, J., Martin, P., 
Mufeed, B., Manju, C.N., Rajesh, K.P., Németh, Cs., Nagy, J., 
Norhazrina, N., Syazwana, N., O’Leary, S.V., Park, S.J., Peña-
Retes, A.P., Rimac, A., Alegro, A., Šegota, V., Koletić, N., 
Vuković, N., Rosadziński, S., Rosselló, J.A., Sabovljević, M.S., 
Sabovljević, A.D., Schäfer-Verwimp, A., Sérgio, C., Shkurko, 
A.V., Shyriaieva, D., Virchenko, V.M., Smoczyk, M., Spitale, 
D., Srivastava, P., Omar, I., Asthana, A.K., Staniaszek-Kik, 
M., Cienkowska, A., Ștefănuţ, M.-M., Ștefănuţ, S., Tamas, G., 
Bîrsan, C.-C., Nicoară, G.-R., Ion, M.C., Pócs, T., Kunev, G., 
Troeva, E.I., van Rooy, J., Wietrzyk-Pełka, P., Węgrzyn, M.H., 
Wolski, G.J., Bożyk, D. & Cienkowska, A. 2021. New national 
and regional bryophyte records, 65. – J. Bryol., 43(1): 67-91. 
DOI: 10.1080/03736687.2021.1878804

Forrest, L.L. 2015. How rare is Aneura pinguis? A report from 
the RBGE Aneura workshop, 11-12 September, 2014. – Field 
Bryol., 114: 46-47.

Gradstein, S.R. 2013. Afro-American hepatics revisited. – Polish 
J. Bot., 58(1): 149-177. https://doi.org/10.2478/pbj-2013-0016

Fig. 1. A Maximum Likelihood Tree showing the arrangement of the Bulgarian Aneura samples in relation to the already described 
cryptic species. 



343Phytol. Balcan. 30(3) • Sofia • 2024

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D., Wood-
hams, M.D., Von Haeseler, A. & Lanfear, R. 2020. IQ-TREE 2: 
new models and efficient methods for phylogenetic inference in 
the genomic era. – Molec. Biol. Evol., 37(5): 1530-1534.

Long, D., Forrest, L.L., Hassel, K., Séneca, A., & Söder-
ström, L. 2023. Typification of Jungermannia pinguis 
L.(Marchantiophyta, Aneuraceae). – Ediinburgh J. Bot., 80, 
article 1932: 1-11. https://doi.org/10.24823/EJB.2023.1932

Müller, J., Müller, K., Neinhuis, C., & Quandt, D. 2010. PhyDE-
Phylogenetic data editor. Computer program.

Myszczyński, K., Bączkiewicz, A., Buczkowska, K., Ślipiko, 
M., Szczecińska, M. & Sawicki, J. 2017. The extraordinary 
variation of the organellar genomes of the Aneura pinguis re-
vealed advanced cryptic speciation of the early land plants. – 
Sci. Rep., 7: 9804. https://doi.org/10.1038/s41598-017-10434-7

Paton, J.A. 2022. A Supplement to the Liverwort Flora of the 
British Isles. Truro: privately published.

Preußing, M., Olsson, S., Schäfer-Verwimp, A., Wickett, N.J., 
Wicke, S., Quandt, D. & Nebel, M. 2010. New insights in 
the evolution of the liverwort family Aneuraceae (Metzgeri-
ales, Marchantiophyta), with emphasis on the genus Lobati-
riccardia. – Taxon, 59(5): 1424-1440.

Schuster, R.M. 1984. Evolution, phylogeny and classification 
of the Hepaticae. – In: Schuster, R.M. (ed.), New Manual 
of Bryology.  Vol.  2, pp. 892-1070. The Hattori Bot. Lab., 
Michinan.

Sérgio, C. & Garcia, C. 2009. Noteworthy range extensions of 
two Aneura (Jungermanniopsida, Metzgeriales) species new for 
the Iberian Peninsula: Aneura maxima (Schiffn.) Steph. and A. 
pseudopinguis (Herzog) Pócs. – Cryptog. Bryol., 30(1):207-215. 
https://sciencepress.mnhn.fr/en/periodiques/bryologie/30/1/
noteworthy-rangeextensions-two-aneura-jungermanniopsida-
metzgeriales-species-new-iberian-peninsula-aneura-maxima-
schiffn-steph-and-pseudopinguis-herzog-pocs

Söderström, L., Forrest, L.L., Hassel, K., Long, D.G., Séneca, 
A. & Inoue, Y. 2023. Studies on Aneura (Aneuraceae): The An-
eura maxima complex. – Hattoria, 14: 67-73.

Tamura, K., Stecher, G., & Kumar, S. 2021. MEGA11: molecular 
evolutionary genetics analysis version 11. – Molec. Biol. Evol., 
38(7): 3022-3027.

Wickett, N.J. & Goffinet, B. 2008. Origin and relationships of 
the myco-heterotrophic liverwort Cryptothallus mirabilis 
Malmb. (Metzgeriales, Marchantiophyta). – Bot. J. Linn. Soc., 
156(1): 1-12. https://doi.org/10.1111/j.1095-8339.2007.00743.x



344 Gospodinov, G. & Natcheva, R. • Preliminary investigation of the genus Aneura in Bulgaria


