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Abstract: The objective of the present work was the evaluation of the bryophyte 
diversity of the central park of Eger town. Altogether 59 taxa (4 liverworts and 55 
mosses) were recorded. Nearly half of the identified species (49%) belong to three 
families: Orthotrichaceae, Pottiaceae, and Brachytheciaceae. Brachythecium 
glareosum, Cirriphyllum piliferum, Eucladium verticillatum, Orthotrichum 
obtusifolium and Orthotrichum pumilum are rated near threatened (NT) according 
to the Hungarian Red List. Some of the taxa found in Eger were not known from 
other central east european urban parks (Ctenidium molluscum, 
Hygroamblystegium tenax, Pohlia melanodon, Cirriphyllum crassinervium, Hypnum 
cupressiforme var. lacunosum, Orthotrichum stramineum and Orthotrichum 
striatum). There are remarkable differences between central park of Eger and 
other Central and Eastern European parks regarding species composition and the 
percentage of species in each of the life strategy categories. 
 
Keywords: downtown, urban area, Sørensen index, comparison 

 
 
INTRODUCTION 
 
There is growing recognition of urban areas as hosts for innovative 
ways to conserve and promote biodiversity. Parks, as one specific 
type of urban green space, constitute particularly important 
biodiversity hotspots in the cityscape (Nielsen et al. 2014). 

In Central and Eastern Europe several publications address the 
bryophyte flora or diversity of parks and gardens in urban areas, 
for example Warsaw, Łódź and other Polish cities (Fudali 2006, 
Wolski et al. 2012), Lviv (Mamchur el al. 2018), Bucharest (Gomoiu 
and Ștefănuţ 2008), Veľký Krtíš (Mišíková et al. 2007), Sofia 
(Gospodinov et al. 2018) and Bratislava (Godovičová and Mišíková 
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2017). The aim of this study was the examination of the bryophyte 
diversity of the central park of Eger town. 

Knowledge about the bryophytes of anthropogenic habitats in 
Hungary is limited, and the following papers focus mostly on the 
description of floristic data: Budapest city (Szepesfalvi 1940, 1941, 
1942) Barcs (Szűcs et al. 2014), the towns of Sopron (Szűcs 2015) 
and Gödöllő (Király et al. 2019). The bryophyte flora of Almásfüzitő 
(Szűcs et al. 2017a), Balaton village (Zsólyom and Szűcs 2018), and 
of the manor park of Martonvásár village (Nagy et al. 2016) are 
well documented in Hungary. However, there are no publications 
aiming at completeness with respect to the bryophyte diversity of 
parks of downtown areas in Hungary. 
 
 
MATERIALS AND METHODS 
 
Site details descriptions include data in the following order in the 
Appendix: habitat, GPS-coordinates, date of collection. Based on the 
Central European Flora Mapping System (Király et al. 2003), each 
collection point belongs to the 8188.1 square. The nomenclature 
follows Király (2009) for vascular plants, Söderström et al. (2016) 
for liverworts, and Hill et al. (2006) for mosses. In order to 
characterise the conservation and indicator status of taxa the 
Hungarian Red List was used (Papp et al. 2010). We used the 
Sørensen index (Sørensen 1948) for the comparison of the species 
composition of different localities. Collected specimens are 
deposited at the Cryptogamic Herbarium of the Department of 
Botany and Plant Physiology at the Eszterházy Károly University, 
Eger (EGR). 
 
Study area 
The town of Eger belongs to the Eger-Bükkalja micro-region, which 
is a colline area at an elevation of 126 to 420 m above sea level, 
slightly sloping to the south-east. The settlement is situated on the 
terraced valley of the Eger Creek, and to a smaller extent it covers 
the hillside accompanying the valley of the Tárkány Creek (Sugár 
1983). 

It is a region with a moderately warm to moderately dry climate. 
The average annual temperature is 9.0–10.0 °C at the highest 
points. The average annual precipitation is approximately 600 mm, 
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of which 340–380 mm is produced during the vegetation period. 
The likelihood of rainfall is the highest in early summer and late 
autumn (Dövényi 2010, Sugár 1983). 

The dominance of the North-West winds is evident in every 
season, which is particularly characteristic during the summer 
months. In terms of wind flow speed, Eger is classified into the 
moderately windy areas of Hungary, which is also indicated by the 
relatively high frequency of wind silences (Dövényi 2010, Sugár 
1983). The Eger Creek forms the boundary of the park in the north-
east. The groundwater of the Eger valley has particularly hard 
water rich in sodium-calcium-hydrogencarbonate and sulfate 
(Sugár 1983). 

The historical descriptions from the 15th and 16th century refer 
to this part of our town as a rich forested area where the wildlife 
park was located which was probably established by a bishop of 
Eger from the Renaissance. The former wildlife park was much 
larger than today's Archbishop's Garden. It included the area of 
today's Thermal bath, the present Archbishop's Garden, and also 
the Csákó district, which extends to the present railway station. 

In the park there is an ornamental garden, on the left side of the 
creek there is a flower garden up to the mills, and between the mills 
and today's Csákány street there is a vegetable garden which 
together formed the old bishop's garden. The episcopal ornamental 
garden was established during the time of Ferenc Barkóczy (1710–
1765), in the style of French gardens. In 1769 Bishop Károly 
Eszterházy (1725–1799) initiated the construction of a stone fence 
and ornate baroque gates to replace the old wooden fence. The 
oldest trees in the park are sycamore trees, estimated to be 
between 300 and 400 years old. Lajos Szmrecsányi (1851–1943) 
opened the gates of the 14-hectare Archbishop's Garden to the 
citizens of the town in 1919, and since then the area has been 
under significant human influence. (Herzegné Székely 2010). As for 
the park's maintenance, lawn mowing and leaf collection is 
performed regularly. 
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Figure 1. The situation of Eger town, and the map and collecting points of the 
central park of Eger. 

 
 
RESULTS AND DISCUSSION 
 
List of species 
Numbers refer to sites (Figure 1) listed in the Appendix. The 
substrates given after a colon refer to all listed sites. 
 
Marchantiophyta 

 
Frullania dilatata (L.) Dumort. – LC – 1: bark of Fraxinus 
Marchantia polymorpha subsp. ruderalis Bischl. & Boisselier – LC 

– 3: rock in stream water 
Pellia endiviifolia (Dicks.) Dumort. – LC - 2: rock in stream water 
Radula complanata (L.) Dumort. – LC – 1: bark of Sophora 

japonica; 6, 7: bark of Acer negundo; 5: bark of Ailanthus 
altissima 

 
Bryophyta 
 
Amblystegium serpens (Hedw.) Schimp. – LC – 1: artifical stone; 3: 

wall of the stream; 4, 5: soil; 7, 12: concrete and mown lawn 
Atrichum undulatum (Hedw.) P. Beauv. – LC – 7, 9: shaded soil 
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Barbula unguiculata Hedw. – LC – 1, 3, 13: shaded soil 
Brachytheciastrum velutinum (Hedw.) Ignatov & Huttenen – LC – 

12: concrete 
Brachythecium glareosum (Bruch ex Spruce) Schimp. – NT – 3: 

wall of the stream bank 
Brachythecium rutabulum (Hedw.) Schimp. – LC – 1, 9: soil; 4, 5, 

6: mown lawn; 10: stone fence; 11: artifical stone; 12: concrete; 
13: andesit stone wall 

Brachythecium salebrosum (F. Weber et D. Mohr) Schimp. – LC – 
5: bark of Ailanthus altissima 

Bryoerythrophyllum recurvirostrum (Hedw.) P. C. Chen – LC-att – 
3: wall of the stream bank 

Bryum argenteum Hedw. – LC – 1, 8, 11: artifical stone; 3: wall of 
the stream; 7, 8, 12: concrete; 10: stone fence 

Bryum caespiticium Hedw. – LC – 1: concrete 
Bryum capillare Hedw. – LC – 3: soil bank 
Bryum moravicum Podp. – LC – 3: wall of stream bank, bark of 

Tilia platyphyllos; 13: andesit stone wall; 5: bark of Ailanthus 
altissima 

Calliergonella cuspidata (Hedw.) Loeske – LC – 11: artifical stone; 
13: andesite stone wall 

Ceratodon purpureus (Hedw.) Brid. – LC – 3: wall of the stream 
bank; 7, 8,12: concrete; 8, 10: soil 

Cirriphyllum crassinervium (Taylor) Loeske & M. Fleisch – LC – 3: 
wall of stream bank 

Cirriphyllum piliferum (Hedw.) Grout – NT – 1: soil 
Cratoneuron filicinum (Hedw.) Spruce – LC – 2: rock in stream 

water 
Ctenidium molluscum (Hedw.) Mitt. – LC – 5: rubble 
Didymodon rigidulus Hedw. – LC-att – 7, 8: concrete; 10: stone 

fence 
Eucladium verticillatum (With.) Bruch & Schimp. – NT – 2: 

artifical stone in thermal water 
Fissidens taxifolius Hedw. – LC – 5, 7, 9: shaded soil 
Grimmia pulvinata (Hedw.) Sm. – LC – 1, 8: artifical stone; 7, 12: 

concrete; 13: andesite stone 
Homalia trichomanoides (Hedw.) Brid. – LC-att – 5: rubble 
Homalothecium lutescens (Hedw.) H. Rob. –LC – 4, 6: soil 
Homalothecium sericeum (Hedw.) Schimp. LC – 3: wall of the 

stream bank, 13: andesite stone wall 
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Homomallium incurvatum (Schrad. ex Brid.) Loeske – LC – 3: wall 
of the stream bank 

Hygroamblystegium tenax (Hedw.) Jenn. – LC – 2: rock in stream 
Hygroamblystegium varium (Hedw.) Mönk. – LC-att – 11: wet soil 

on lake shore 
Hypnum cupressiforme Hedw.- LC – 1: artifical stone, bark of 

Fraxinus, and Sophora japonica 3: wall of the stream bank; 4, 5, 
6, 7: soil; 13: andesite stone 

Hypnum cupressiforme var. lacunosum Brid. – LC – 3: wall of the 
stream bank 

Leskea polycarpa Ehrh. ex Hedw. – LC – 1: bark of Sophora 
japonica; 3, 4, 5, 6: bark of Acer negundo; 5: bark of Tilia 
platyphyllos 

Leucodon sciuroides (Hedw.) Schwägr. – LC – 1: bark of Fraxinus 
Orthotrichum affine Schrad. ex Brid. – LC – 1: bark of Fraxinus; 

and Sophora japonica; 4, 6: bark of Acer negundo; 5: bark of Tilia 
platyphyllos and Ailanthus altissima 

Orthotrichum anomalum Hedw. – LC – 1: artifical stone; 3: wall of 
the stream bank; 13: andesite stone wall 

Orthotrichum cupulatum Hoffm. ex Brid. – LC-att – 1: artifical 
stone; 3: wall of the stream bank 

Orthotrichum diaphanum Schrad. ex Brid. – LC – 1, 4, 6: bark of 
Acer negundo 

Orthotrichum obtusifolium Brid. – NT – 1: bark of Fraxinus; 4, 6: 
bark of Acer negundo; 10: bark of Sophoria japonica 

Orthotrichum pallens Bruch ex Brid. – LC – 5, 7: bark of Tilia 
platyphyllos; 10: bark of Sophoria japonica 

Orthotrichum pumilum Sw. ex anon. – NT – 10: stone fence 
Orthotrichum speciosum Nees – LC-att – 5, 7: bark of Tilia 

platyphyllos 
Orthotrichum stramineum Hornsch. ex Brid. – LC – 5, 7: bark of 

Tilia platyphyllos; 10: bark of Sophoria japonica 
Orthotrichum striatum Hedw. – LC-att – 5, 7: bark of Tilia 

platyphyllos 
Oxyrrhynchium hians (Hedw.) Loeske – LC – 1, 4, 5, 6, 7, 8, 12: soil 
Plagiomnium cuspidatum (Hedw.) T. J. Kop. – LC – 3, 7, 9: soil 
Plagiomnium undulatum (Hedw.) T. J. Kop. – LC – 7, 9: soil 
Platygyrium repens (Brid.) Schimp. – LC – 5: artifical stone; 7, 8: 

concrete 
Pohlia melanodon (Brid.) A.J. Shaw – LC – 3: soil of stream bank 
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Pylaisia polyantha (Hedw.) Schimp. – LC – 1: bark of Fraxinus; 4, 6: 
bark of Acer negundo 

Schistidium crassipilum H. H. Blom – LC – 1: artifical stone; 3: wall 
of the stream bank 

Sciuro-hypnum populeum (Hedw.) Ignatov & Huttunen – LC – 3: 
wall of the stream bank 

Syntrichia papillosa (Wilson) Jur. – LC-att – 1: bark of Fraxinus 
Syntrichia ruralis (Hedw.) F. Weber & D. Mohr – LC – 3: wall of the 

stream bank 
Syntrichia virescens (De Not.) Ochyra – LC-att – 1: bark of 

Fraxinus; 3: wall of the stream bank; 10: stone fence 
Tortula muralis Hedw. – LC – 1, 8, 11: artifical stone; 7, 8, 12: 

concrete 
Tortula truncata (Hedw.) Mitt. – LC – 7: soil 
 
Bryophyte diversity 
Altogether 59 bryophytes were detected in the central park of Eger, 
which include 4 liverworts (7%) and 55 mosses (93%). The 
liverwort species belong to 4 families and 4 genera, while the 
mosses belong to 16 families and 32 genera (Figure 2). 
Nearly half of the species (49.15%) belong to the 3 families 
Orthotrichaceae (10 taxa), Brachytheciaceae (10 taxa) and 
Pottiaceae (9 taxa). 
 

 
Figure 2. Distribution of bryophyte species found in the central park of the Eger 
town among families (Taxonomy follows Goffinet and Shaw 2009 and Söderström 
et al. 2016). 
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Many of the common mosses of the central park of Eger, 

including Amblystegium serpens, Barbula unguiculata, 
Brachythecium rutabulum, B. salebrosum, Bryum argenteum, 
Ceratodon purpureus, Fissidens taxifolius, Grimmia pulvinata, 
Hypnum cupressiforme, Leskea polycarpa, Leucodon sciuroides, 
Orthotrichum affine, O. anomalum, O. diaphanum, O. pumilum, 
Oxyrrhynchium hians, Plagiomnium undulatum, Platygyrium repens, 
Pylaisia polyantha, Syntrichia ruralis and Tortula muralis have also 
been found in some other parks of Central East European 
settlements (Fudali 2006, Wolski et al. 2012, Mamchur el al. 2018, 
Gomoiu and Ștefănuţ 2008, Mišíková et al. 2007, Gospodinov et al. 
2018 and Godovičová and Mišíková 2017). 

Atrichum undulatum and Homalia trichomanoides occur in some 
Central East European parks (Fudali 2006, Mamchur el al. 2018) 
and Eucladium verticillatum was detected in the forest park of Lviv 
city (Mamchur el al. 2018). These three species are not known from 
other hungarian settlements (Szűcs et al. 2017a, Zsólyom and Szűcs 
2018). 

There are a few taxa in Eger, which are not known in the Central 
East European urban parks (Fudali 2006, Wolski et al. 2012, 
Mamchur et al. 2018, Gomoiu and Ștefănuţ 2008, Mišíková et al. 
2007, Gospodinov et al. 2018 and Godovičová and Mišíková 2017), 
for example Ctenidium molluscum, Hygroamblystegium tenax, Pohlia 
melanodon, Cirriphyllum crassinervium, Hypnum cupressiforme var. 
lacunosum, Orthotrichum stramineum and O. striatum. 

Table 1 shows the values of the Sørensen index, which are 
derived from a comparison of moss species in the region, in Central 
and Eastern European parks, and the central park of Eger. The 
values of parks in Central and Eastern Europe are similar in this 
respect, there is no notable difference between the calculated data 
(0.415–0.590). Compared to the park of Eger, the discrepancy is 
most pronounced in the case of the Teaching Garden, Łódź (0.415).  
The Botanical Garden or EKU is situated closest to the central park 
of Eger and shows the greates similarity in species composition 
(highest Sørensen index of 0.590). 
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Table 1. Comparison of the area, the distance of localities from Eger, the altitude, 
the number of taxa and Sørensen index of central east european parks with central 
park of Eger town. 

 
 
Conservation status 
Five taxa belong to the near threatened (NT) category according to 
the Hungarian Red List (Papp et al. 2010): Brachythecium 
glareosum, Cirriphyllum piliferum, Eucladium verticillatum, 
Orthotrichum obtusifolium and Orthotrichum pumilum. Another 
eight species belong to least concern attention (LC-att), viz. 
Bryoerythrophyllum recurvirostrum, Didymodon rigidulus, Homalia 
trichomanoides, Hygroamblystegium varium, Orthotrichum 
cupulatum, Orthotrichum striatum, Syntrichia papillosa, and 
Syntrichia virescens. 

Some indicator mosses (species which by their presence 
indicate a higher conservation value of the habitat) also occur in 
the park, for example Cirriphyllum piliferum, Eucladium 
verticillatum, Homalia trichomanoides, Hygroamblystegium varium, 

Name of locality area 
(hectare) 

distance 
from 

Central 
park of 

Eger (km) 

alt 
(meter 
a.s.l.) 

number 
of taxa 

Sørensen 
index 

Central Park of Eger 
   (present study) 

14 0 155-165 59 1 

Botanical Garden of 
EKU, Eger (Hungary) 
(Szűcs et al. 2017b) 

1 1.3 230 46 0.590 

Mátrai Sanatorium, 
Mátraháza (Hungary) 

(Szűcs et al. 2018) 
14 30.4 650-700 65 0.564 

Horka forest park, 
Velky Krtís, (Slovakia) 
(Mišíková et al. 2007) 

1500 83 210 37 0.541 

Vrana Park, Sofia 
(Bulgaria) 

(Gospodinov et al. 
2018) 

99.3 623 560 68 0.488 

Pohulyanka forest 
park, Lviv, (Ukraine) 

(Mamchur et al. 2018) 
129 343 340-370 108 0.455 

Exp. and Teaching 
Garden,  Łódź, 

(Poland) (Wolski et al. 
2012) 

1 435 225 42 0.415 
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Orthotrichum cupulatum, O. obtusifolium, O. pumilum, O. speciosum, 
O. striatum, and Syntrichia papillosa. 
 
Life strategies 
There is a remarkable difference between central park of Eger and 
other local or regional habitats (Table 1) concerning the percentage 
of species in each of the life strategy categories (Dierßen 2001). 
Central park of Eger is more abundant in colonists and pioneer 
colonists, and less abundant in long-lived shuttle, perennial, and 
competitive perennial species, compared to the other habitats. 
None of the bryophytes in the Central park of Eger belong to the 
ephemeral colonist and fugitive categories (Figure 3). 
A possible explanation for the above phenomenon is that abundant 
bare soil surface is available for the bryophytes, but disturbed 
substrates are very rare in the studied area.  
 

 
Figure 3. Comparison of the life strategies of bryophytes in Botanical Garden of 
Eger (Szűcs et al. 2017b), park of Mátrai Sanatorium (Mátraháza) (Szűcs et al. 
2018), Balaton village (Zsólyom and Szűcs 2018) and central park of Eger (present 
study). 
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CONCLUSIONS 
 
The central park of Eger has a remarkable bryophyte diversity, 
which is of comparable magnitude to local, regional places and 
central east european urban parks in accordance with its size. The 
high number of indicator mosses shows a high level of conservation 
value of the park. 

The rich bryophyte flora partly can be expained by the history of 
the different habitats, the abundance of old and varied deciduous 
trees and the proximity of Eger creek and the municipal thermal 
spa. 
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APPENDIX 
 
Site details 
 
1. soil, artifical stone, bark of trees (04.12.2018, 01.08.2019, 02.03.2020) 

N47°53’53” E20°22’46” 
2. rock in stream water (14.06.2019) N47°53’52” E20°22’52” 
3. wall of the stream bank, soil (14.06.2019, 03.07.2019.) N47°53’49” E20°22’54” 
4. mown lawn, soil (13.03.2019., 03.07.2019) N47°53’50” E20°22’50” 
5. mown lawn, soil, bark of trees (13.03.2019) N47°53’47” E20°22’56” 
6. bark of trees, soil, mown lawn (17.04.2019) N47°53’46” E20°22’54” 
7. mown lawn, bark of trees, concrete (11.03.2019) N47°53’41” E20°22’54” 
8. artifical stone, soil, concrete (11.03.2019) N47°53’45” E20°22’50” 
9. soil (11.03.2019) N47°53’40” E20°22’52” 
10. stone fence, soil (11.03.2019) N47°53’44” E20°22’44” 
11. artifical lake (14.06.2019) N47°53’49” E20°22’45” 
12. mown lawn, concrete, soil (13.03.2019) N47°53’51” E20°22’40” 
13. artifical stone wall (14.04.2019, 14.06.2019) N47°53’48” E20°22’44” 
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Abstract: Heat tolerance of photosystem II (PSII) was examined in Siberian flag 

(Iris sibirica L.) living in different microhabitats of a non-forested enclosed 

depression surface (doline) on the Bükk-plateau. Although the microclimatic 

parameters of the habitats with different facing sites show sharp contrasts, there 

was no significant difference between the heat tolerance of PSII in leaves of I. 

sibirica growing in these expositions neither in dark- nor in light-adapted state. 

 

Keywords: Iris sibirica, heat tolerance, photosynthesis, microhabitat 

 

 

INTRODUCTION 

 

Doline vegetation is influenced by a number of factors including 

altitude and significant differences in microclimate or soil moisture 

along slopes with given exposures. Due to the zone inversion 

parallel to climate change, montane species are already present on 

the bottom and northern slopes, while on southern slopes, species 

that favor drier and warmer climates are common (Bátori et al. 

2014). However, some species occur in both aspects of the doline 

despite significant differences in air temperature, air and soil 

humidity, which requires special adaptation/acclimation strategies, 

especially against the temperature. In this paper, we present some 

preliminary results on the unusual, practically non-different heat 

tolerance of I. sibirica growing in different exposures. 
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MATERIALS AND METHODS 
 
Leaves of Siberian flag (Iris sibirica L.) were collected from five 
different geographical exposition (bottom, N/S facing slopes, and 
N/S edge) of the second biggest non-forested doline in the Bükk-
plateau (North-Hungary) between six and seven am. The collected 
leaves were immediately wrapped in wet filter paper and 
transported to the laboratory within half an hour. The in vivo heat 
induced chlorophyll a fluorescence was measured in dark- and 
light-adapted state of leaves with a pulse amplitude modulated 
fluorometer (IMAGING PAM M-series, Walz, Effeltrich, Germany). 
The leaves were dark-adapted for 30 min, and then placed on the 
thermoelectric module. The minimum chlorophyll fluorescence (F0) 
was monitored in leaf discs exposed to elevated temperature from 
25°C to 49-55°C at a rate of 1°C min-1. Recording of the steady-state 
fluorescence (Fs) v. T curves started when the photosynthesis was 
steady at 200 and 1,000 μmol m-2 s-1 actinic light intensity. Critical 
temperature (Tc) values were determined as the interception of 
regression lines fitted to F0 and Fs data.  
 

 

Figure 1. Critical temperature (Tc) values of F0 (filled bars) and Fs v. T curves at 
200 (semi closed bars) and 1000 (empty bars) mol m-2 s-1 acinic light (AL) 

intensities in leaves of Iris sibirica growing in different facing parts of the doline. 
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RESULTS AND DISCUSSION 

 

The heat sensitivity of the photosynthetic apparatus is closely 
connected to the thermal stability of PSII, which is well 
characterised by critical values of the temperature dependence of 
the initial fluorescence (F0) level in dark-adapted leaves (Dulai et al. 
1998, Szopkó and Dulai 2018). There was no significant difference 
in the heat tolerance of PSII determined by the Tc values of the F0 v. 
T curves (recorded practically in darkness) in leaves of I. sibirica 
living in different expositions and it was not sufficient for tolerating 
such high temperatures that are peculiar to the microhabitat of S 
facing slope above the surface (Figure 1). Similarly to F0, the 
breakpoints (Tc) of temperature dependence of steady state 
fluorescence (Fs) appropriately show the thermal stability of 
samples at steady-state photosynthesis level in light adapted state 
(Molnár et al. 1998). In connection with this, Tc values of Fs v. T 
curves measured at 200 and 1000 μE m-2 s-1 actinic light intensity 
are shifted towards significantly higher temperatures (~47-48 oC), 
indicating the higher thermal tolerance of PSII (Figure 1). This is 
consistent with those observations that light stimulates the thermal 
stability of the PSII (Molnár et al. 1998, Dulai et al. 2006). However, 
ground level air temperatures on the S-facing slope can often 
exceed 47-48 oC with extreme daily fluctuations. So this reduced 
heat sensitivity is just enough to tolerate the high temperature 
conditions of the S-facing slope during the daytime period of a 
summer day. At the same time, the doline micro-habitats with 
different exposures are characterized by sharp and significant 
microclimatic variation (Bátori et al. 2019). These differences are 
manifested not only in the average daily means of ground level air 
temperature but also in daily maxima, daily range and air and soil 
moisture. As a result, more cool-adapted plants are found on the 
north-facing slopes and bottoms of dolines (Bátori et al. 2017). 
However, some species, like Siberian flag, occur in both aspects of 
the depression despite the above mentioned differences in 
environmental factors, which should require a very plastic 
phenotypic performance to temperature conditions. This would 
also require optimizing the heat stability of the photosynthetic 
apparatus according to the factors specific to the given exposure. 
Thus, it is very unusual for a plant to occur in all micro-habitats of 
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the doline but not to be able to change its temperature tolerance 
neither in dark- nor in light-adapted state. Consequently, as the 
forecasted climatic extremities increase, this plant might disappear 
completely from the southern slope. 
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Abstract: The paper describes the Sphagnum peatmoss collection in the 
cryptogamic herbarium of the Eszterházy Károly University (EGR), Eger 
(Hungary), according to its condition in 2012. All specimens of the peatmosses 
were documented by digital photographs (2835 specimens), and all data from the 
labels were entered into MS Excel spreadsheet. 24 % of the specimens were 
collected in present-day Hungary, the majority of specimens comes mainly from 
the neighbouring countries, but more distant European lands are represented as 
well as overseas continents. Hungarian specimens were collected mostly in Vas, 
Heves, Borsod-Abaúj-Zemplén, Veszprém and Szabolcs-Szatmár-Bereg counties, 
areas with relatively more humid climate than the average of Hungary. Most of the 
herbarium sheets originated between 1950-1990’s. Apart from these periods the 
collection has hardly developed. The most prolific Hungarian collectors were: 
Ádám Boros, László Vajda, Tamás Pócs, Márton Balogh and Ilona Gelencsér. In 
addition to this, many specimens were collected by foreigners as: Richard E. 
Andrus, Antoine M. Cleef, Josef Duda, Adam Stebel, etc. The digital photographs 
and the database are property of the Department of Botany and Ecology of 
Eszterházy Károly University.  

 
Keywords: biological collections, Sphagnum collection, herbarium 

digitization, natural history collections  

 
 
INTRODUCTION 
 
The herbarium of the Eszterházy Károly University (Index 
Herbariorum acronym: EGR, Index Herbariorum 2020) is the 
second largest herbarium in Hungary (Takács et al. 2014), 
consisting of two main parts. The cryptogam collection, which is 
one of the largest in Central Europe (200000 mosses and 
liverworts, and 8000 lichens) is widely known among bryologists. It 
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has gained an international reputation for the collections of Tamás 
Pócs and his colleagues, who studied and collected bryophytes all 
over the tropics. This collection comprises mainly lichens from 
Europe and Africa, but the main part are the bryophytes collected 
predominantly in the tropical regions of Africa, India, Indonesia, 
Vietnam, Papua New Guinea, Australia, Fiji, Cuba, Peru and 
Venezuela (Index Herbariorum 2020). The vascular collection is 
quite small in number, but not negligible (Sass-Gyarmati and Vojtkó 
2010; Pénzesné Kónya et al. 2013). It is mainly valued for the age of 
its specimens, dating back to the early 19th century. It stores the 
collections of significant Hungarian botanists of that time, 
providing information about their trips and interests in certain 
regions or taxa. The vascular collection includes vouchers collected 
primarily in the territory of present-day Hungary and the 
neighboring countries (mainly in the Carpathian Basin), but there 
are specimens from the Alps, Silesia, the Balkan, and from the 
coastal regions of the Adriatic Sea as well. Only the vascular 
collection has been digitized up to now (E. Vojtkó et al. 2014). 
Therefore, the digitization and analysis of the cryptogamic 
herbarium is still an actual challenge. We started this work in 2016 
and our preliminary results were presented (Sass-Gyarmati et al. 
2017). Our aim was to create a database of the Sphagnum species 
belonging to the cryptogamic collection of EGR, including all the 
main attributes of each herbarium specimen, accompanied by 
digital photos, which may be useful for floristic research. Currently, 
some other Hungarian herbaria are being processed similarly, e.g. 
BP (Hungarian Natural History Museum) (Papp and Rajczy 1998), 
DE (Szarvas et al. 2010).  
 
 
MATERIAL AND METHODS  
 
The database comprises attributes of the material collected until 
2012. Methods of digitization and database building process mostly 
followed Molnár V. et al. (2012) and Takács et al. (2014). The 
nomenclature of the species follows Michaelis (2019). Firstly, 
digital photographs were taken from each sheet, presenting the 
specimen and the label. The digital photos were taken using ‘.jpg 
extension, and their average size is 2–2.5 MB. The information on 
the labels was entered into Ms Excel spreadsheet, where rows 
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correspond to individual records and columns represent attributes 
of the collected specimens. The following attributes were recorded: 
(1) taxon name on the label, (2) collector, (3) reviewer, (4) locality, 
(5) altitude of locality, (6) year of gathering, (7) month of gathering, 
(8) day of gathering, and (9) filename of digital photo. One record of 
the database represents specimen(s) of the same taxon collected 
from the same locality at the same time on one sheet. If a herbarium 
sheet contains specimens either of different taxa or from a different 
locality or time, they are treated as separate records. Thus, the 
number of records (= rows in the database) is not equal to the 
number of herbarium sheets (= number of digital photos). When 
more than one settlement is given on the label, and the 
administrative affiliation of the locality is therefore ambiguous, the 
first settlement is provided as the location of gathering (e.g. in the 
case of “ In picetis uliginosis inter pag. Rábatótfalu et 
Apátistvánfalva;”, the administrative affiliation in the database is 
Rábatótfalu). 

If collecting dates were given as intervals (very often in case of 
foreign collections) we record the earlier one. Data of Sphagnum 
database are summarized in an electronic appendix 
http://biologia.uni-eger.hu/en/biology/egr/database including: 
catalogue number, taxon name, collector, settlement, date of 
gathering and file name of the documentary photograph). Further 
data can be required from the curator of the herbarium. 
 
 
RESULTS AND DISCUSSION 
 
Geographical coverage 
The database contains 2835 records altogether, and only 24% of 
the records (624 records) originates from Hungary, the rest comes 
from the neighboring and the overseas countries (USA: 17%, 
Poland: 8 %, Columbia: 8%, Romania: 6%, etc.) (Figure 1). We could 
not identify the country of origin in 368 further records (13%), 
though it is more than probable that these specimens were 
collected outside Hungary. 

http://biologia.uni-eger.hu/en/biology/egr/database
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Figure 1. The number of collected specimens per countries. 

 
Our analyses reveals that Sphagnum specimens collected in 

present-day Hungary (624 records) originated from only a smaller 
part of the country. Some counties are relatively overrepresented 
due to the special interests of the most prolific collectors of the 
herbarium and also probably due to the special researches 
conducted in peaty area and last but not least due to the climatic 
conditions. 

The Sphagnum specimens of EGR under study were collected 
between 1850 and 2012. The intensity of collecting was very 
uneven, as the vast majority of specimens were obtained between 
1950-1990 (Figure 3). 
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Figure 2. The number of collected specimens per counties in Hungary. 

 
 

 
Figure 3. The number of collected specimens per decades. 
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Representations of the Sphagnum species and floristically 
significant records 
More than 130 species, subspecies and varieties occur in the 
Sphagnum genus worldwide (Michaelis 2019). Some of the 
commonest species which occurs in the herbarium (EGR) are: 
Sphagnum capillifolium (Ehrh.) Hedw.,  Sphagnum compactum DC. 
ex. Lam. & DC., Sphagnum cuspidatum Ehrh. ex. Hoffm., Sphagnum 
fimbriatum Wilson and Sphagnum girgensohnii Russow. The two 
oldest Sphagnum specimens were collected by Weselsky in 1852, 
from Königgrätz and by J. E. Zetterstedt in June 23, 1860 from 
Sweden. Apart from the exsiccata specimens of Sphagnotheca 
Boreali-americana (Ed. R. E. Andrus and D.H. Vitt) we preserve the 
isotype of Sphagnum amoenum Warnst. (Bryotheca brasiliensis) 
and an isotype of Sphagnum squarrosiforme Dixon and Sherrin 
(Bryophytorum typorum exsiccata) in our collection (Figure.4, 5). 
 

 
Figure 4. Isotype of Sphagnum amoenum Warnst. (foto: A. Sass-Gy.) 
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Figure 5. Isotype of Sphagnum squarrosiforme Dixon & Sherrin. (foto: A. Sass-Gy.) 

 
CONCLUSIONS 
 
In the Sphagnum collection, the specimens from Hungary are not 
separated from the foreign specimens, but can be found in a 
common storage cabinet. Only 24 % of the Sphagnum specimens 
comes from Hungary, and the other specimens comes as exchange 
or gift material to the herbarium through foreign researchers or 
collections made by Botany Department members (Madagascar 
1994, 1996 and Réunion 1996). The greatest significance of the 
completed database is that the Sphagnum collection of the 
Herbarium is now electronically searchable, which facilitates the 
research work and more efficient management of the collection. 
Based on the database, which is also available online, the species, 
country, collector name and year of the Sphagnum specimens are 
now searchable. For more detailed data contact of the herbarium 
curator is required, who can assign additional data and borrow the 
material if necessary. Domestic and foreign herbariums can also 
access the data, which can help with loaning between herbaria and 
provide information on the size and diversity of the herbarium 
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collection. Based on the results, we can get an idea of the spatial 
distribution of Sphagnum species both in Hungary and abroad. As 
Sphagnum species are the most important habitat for peat moss 
bogs, this provides feedback on their location or their actually 
existence. Subsequent research in the area may point to pollution 
factors if peat mosses are no longer found in the area. 
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Abstract: Christian Frimodt-Møller in 1997 collected an interesting bryophyte 
material in the Tanzanian Udzungwa Mountains, part of the Crystalline Eastern 
Arc. The material came from the Udzungwa Scarp Forest Reserve, an outsider 
satellite of the Udzungwa Mountains National Park, which is a bryologically 
completely unknown part of the south-western end of the mountains. The study 
site is located in a lower montane rainforest at an elevation of 1500–1700 m. 
These records fill a gap between the much better known north-eastern part of the 
Udzungwe Mountains and the Southern Highlands of Tanzania. Altogether 25 
species of liverwort and five mosses were identified that in greater part are new to 
these mountains. 
 
Keywords: Crystalline Eastern Arc, endemics, East Africa, Udzungwa Mountains 

 
 
INTRODUCTION 
 
The Udzungwa Mountains form the south-western end of the chain 
of the Crystalline Eastern Arc mountains extending from southern 
Kenya throughout eastern Tanzania and ending at the Makumbako 
Gap, which separates it from the Kipengere and Livingstone ranges 
in the Southern Highland (Figure 1). This mountain range has very 
old origin (Precambrian granitic and gneissic bedrocks) and 
continually favourable climatic conditions since its uplift 30 million 
years ago. It enjoys adequate rainfall throughout the year on the 
eastern, seaside slopes which are exposed to the rain carrying 
winds from the Indian Ocean. Therefore the Eastern Arc mountains 
on their windward side, ridges and high plateaux carry very 
luxurious rainforest vegetation. As a consequence, these rainforests 
are very rich both in plant and animal endemics and in elements 
common with Madagascar and other East African Indian Ocean 
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islands (Pócs 1975, 1998, 1999, Burgess et al. 2007). This is in 
contrast to the much younger volcanic mountains located in drier 
areas located farther inland from the ocean. At the same time their 
lee side gets much less rainfall and, accordingly, it is covered by 
more xerotolerant vegetation, including dry forests and miombo 
woodland. This asymmetry can be observed in almost all 
mountains of the Eastern Arc (Pócs 1977). By the time of climatic 
fluctuations, for example during the Pleistocene, the ratio between 
the two types of vegetation could drastically change, but the higher 
slopes and summits were permanently covered by rainforests, at 
least in some core areas, like the Eastern Arc mountains (Hamilton 
1982). The fluctuation of altitudinal belts resulted in repeated 
isolation of montane forest patches, promoting evolution of 
endemic species. 

By the kindness of Christian Frimodt-Møller, that time botanist 
of University of Copenhagen (later becoming a tour operator and 
managing director of a travel agency in Colombia), I received a 
small collection of bryophytes for identification which he made in 
December 1997 in the Udzungwa Scarp Forest Reserve at the 
south-western end of the Crystalline Eastern Arc Mountains in 
Tanzania (Figure 2). The forest reserve, although not part of the 
Udzungwa Mountains National Park, enjoys special protection, as 
its outsider satellite, with a forest covering an area of 20,220 ha. 
This remote place hitherto was bryologically unknown, therefore a 
greatest part of the records are new to the mountains. Frimodt-
Møller collected the bryophytes at one locality. All specimens were 
gathered at the site bearing according to the collector the following 
locality data: UDZUNGWA Mountains in Iringa District. Udzungwa 
Scarp Nature Forest Reserve. On steep E slopes at 1500-1700 m alt. 
8°21′S, 35°58′E. Rainforest dominated by Parinari excelsa, 
Syzygium sp., Myryanthus holstii and Ficalhoa laurifolia.  

The specimens were collected on various substrates, as 
indicated in the list below. The collecting numbers were given by 
Frimodt-Møller, the letters after the numbers indicate species 
segregated from a single gathering. One sample of each number 
went to the moss herbarium of Copenhagen University (C), while a 
fully identified set is deposited in the Herbarium of Eszterházy 
Károly University, Eger, (EGR). The nomenclature in most cases 
follows Wigginton (2018) and O’Shea (2006), apart from the names 
used in more recent revisions. Global distributional data are given 
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for each species and for some species names some heterotypic and 
homotypic synonyms are provided. 

 

 
Figure 1. The Crystalline Eastern Arc mountain range from southern Kenya to 

southern Tanzania (Black. Other, mostly volcanic mountains are marked by grey 
color. After Burgess et al. 2007). 

 

 
Figure 2. The Uzungwe Mountains. The bryophytes of northeastern part 
(Mwanihana Forest reserve within the National Park area, marked by diamond) 
are relatively well known, while the Udzungwe Scarp Forest Reserve at the 
southwestern end (area marked by light dot) was bryologically unknown (Map 
after Enghoff 2016). 
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RESULTS 
 
List of species 
Liverworts 
 
Acrobolbus limbatus (Steph.) Briscoe & J.J.Engel (Figure 5)  On 

decaying wood. TZ634/A. Syn.: Marsupidium limbatum (Steph.) 
Grolle, Tylimanthus limbatus Steph. A southern temperate Afro-
American disjunct (Gradstein et al. 1984), very rare in Africa, 
hitherto known from the Cape, Malawi, Tanzania (Kilimanjaro), 
and from the Mascarene Islands: Mauritius and Réunion 
(Wigginton 2018).  

Bazzania decrescens (Lehm. & Lindenb.) Trev.  On decaying log. 
TZ710/A. A widespread Afromontane species, closely related to 
the Australasian Bazzania adnexa (Lehm. & Lindenb.) Trevis 
(Jones 1975). 

Ceratolejeunea cornuta (Lindenb.) Steph.  On twigs. TZ649/D. A 
widespread tropical Afro-American or pantropical species, the 
African representatives used to be named as Ceratolejeunea 
calabariensis Steph. (Pócs 2011). 

Cheilolejeunea trapezia (Nees) Kachroo & R.M.Schust.  On twigs. 
TZ636/B. A widespread palaeotropical species, common in 
Africa. 

Cololejeunea malanjae Steph. (Figure 6)  Epiphyllous. TZ708/L. 
A southeast tropical African species distributed from the 
Democratic Republic of Congo and Kenya to Malawi. 

Cololejeunea microscopica (Taylor) A.Evans  Epiphyllous. 
TZ708/P. A very variable pantropical species penetrating in the 
oceanic parts of the temperate regions. 

Cololejeunea tanzaniae Pócs (Figure 7)  Epiphyllous. TZ708/D  
An East African endemic distributed from Kenya and Tanzania 
to the Indian Ocean islands (Pócs 1980). 

Cololejeunea zenkeri Steph. Syn.: Cololejeunea duvigneaudii 
E.W.Jones   Epiphyllous. TZ708/K. A very widespread 
epiphyllous species in tropical Africa. 

Cryptolophocolea martiana (Sw.) L.Söderstr. & Váňa  On 
decaying log. TZ710/C. A widespread tropical Afro-American 
species (see map in Gradstein et al. 1984). 
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Diplasiolejeunea zakiae Tixier (Figure 8)  Epiphyllous. TZ708/H. 
A rare endemic species of East Africa known only from Kenya, 
Tanzania and Madagascar (Tixier 1977, Bizot and Pócs 1974, 
1982, Pócs and Geissler 2002). In Tanzania it was previously 
known only from the Uluguru Mountains. 

Drepanolejeunea cultrella (Mitt.) Steph.  Epiphyllous and among 
mosses. TZ634/B, TZ708/G & J, TZ636/A. A very widespread 
tropical African species. 

Drepanolejeunea physifolia (Gottsche) Pearson  Epiphyllous. 
TZ708/C. A widespread tropical African species closely related 
or identical to the palaeotropical Drepanolejeunea vesiculosa 
(Mitt.) Steph. 

Drepanolejeunea pocsii Grolle (Figure 9)  Epiphyllous. TZ708/M. 
An East African endemic known from Kenya, Tanzania, Malawi, 
Zimbabwe and from the Indian Ocean islands (Grolle 1976, 
Wigginton 2018). 

Frullania serrata Gottsche  On bark. TZ713. A widespread 
palaeotropical species, common in tropical African mountains 
above 900 m elevation (Vanden Berghen 1976). 

Lejeunea acuta Mitt.  Epiphyllous and ramicolous. TZ634/A, 
TZ708/A. Widespread in tropical African mountains (Vanden 
Berghen 1961, under Hygrolejeunea acuta). 

Lejeunea flava (Sw.) Nees  Epiphyllous. TZ636/B. A common 
pantropical species. 

Lejeunea grossecristata (Steph.) E.W.Jones  Epiphyllous. 
TZ708/B. A taxon of dubious status belonging to the Lejeunea 
flava complex, namely to Lejeunea tabularis (Spreng.) Gottsche, 
Lindenb. & Nees (Jones 1979, Pócs 1993). Widespread in 
tropical Africa. 

Marchantia pappeana Lehm. subsp. pappeana (Figure 10)  On 
ground. TZ642, TZ716. The type subspecies is widespread in 
tropical Africa, while subsp. robusta (Steph.) Bischl. occurs in 
India and Sri Lanka (Perold 1999). 

Metzgeria consanguinea Schiffn.  On twigs. TZ636/E. A 
widespread pantropical species occurring in all tropical African 
mountains. 

Metzgeria leptoneura Spruce  On mosses. TZ649/C. A 
subcosmopolitan species common in the tropics and penetrating 
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in the subtropics and the oceanic parts of the temperate zones. 
Widespread in African mountains.  

Microlejeunea africana Steph.  Epiphyllous. TZ708/F, TZ634/C. 
A tropical African species close to Microlejeunea bullata (Taylor) 
Steph. and to the boreal temperate Microlejeunea ulicina 
(Taylor) A.Evans (Jones 1969, Wigginton and Van de Kerckhove 
2004). 

Plagiochila fusifera Taylor  Epiphyllous. TZ636/C. A widespread 
tropical African species. 

Plagiochila kiaeri Gottsche  On twigs. TZ636/D. A widespread 
tropical African species. 

Plagiochila pectinata (Willd.) Lindenb.  Epiphyllous. TZ708/O. A 
relatively rare tropical montane species occurring mostly on 
West and East African islands and in the Cristalline Eastern Arc 
mountains (Wigginton 2018). 

Radula madagascariensis Gottsche  Epiphyllous. TZ708/E. A 
palaeotropic species, widespread from East Africa to Indonesia 
and the Philippines. In Africa it is known only from Kenya, 
Tanzania, Malawi, the Comoro Islands, Madagascar, Réunion and 
Mauritius (Yamada 1979, Pócs 1992, Wigginton 2018). 

 
Mosses 
 
Leucoloma subsecundifolium Broth. (Figure 4) Syn: L. volkensii 

Broth.  On bark. TZ648. A South-East African endemic, known 
from Kenya, Tanzania, Malawi and the Comoro Islands (La Farge 
2002b). A typical member of mossy montane cloud forests.  

Leucoloma zuluense Broth. & Bryhn (Figure 3) On twigs. TZ635. 
A South-East African endemic, known from Kenya, Tanzania, 
Zimbabwe and South Africa. Its var. ovatum La Farge occurs also 
on the Comoro Islands (La Farge 2002a). 

Plagiomnium rhynchophorum (Hook.) T.J.Kop.  On ground. 
TZ715. A palaeotropic species occurring scattered all over 
tropical Africa and Asia. (O’Shea 2006, Koponen et al. 2019) 

Porotrichum elongatum (Welw. & Duby) Gepp   On twigs. 
TZ643/A. A very widespread epiphyte all over tropical Africa 
(O’Shea 2006). 

Pyrrhobryum spiniforme (Hedw.) Mitt.  On decaying log. 
TZ710/B. A common pantropical moss. 
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Figure 3. Alar region of Leucoloma zuluense Broth. & Bryhn (from Frimodt-Møller 
TZ635).  

 
Figure 4. Alar region of Leucoloma subsecundifolium Broth. (from Frimodt-Møller 
TZ648). 
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Figure 5. Acrobolbus limbatus (Steph.) Briscoe & J.J.Engel, habit, ventral view 
(from Frimodt-Møller TZ634/A). Figure 6. Cololejeunea malanjae Steph., habit, 
ventral view (from Frimodt-Møller TZ708/L). Figure 7. Cololejeunea tanzaniae 
Pócs, leaf, ventral view (from Frimodt-Møller TZ708/D). Figure 8. Diplasiolejeunea 
zakiae Tixier, leaf, ventral view (from Frimodt-Møller TZ708/H). Figure 9. 
Drepanolejeunea pocsii Grolle, leaf, ventral view (from Frimodt-Møller TZ708/M). 
Figure 10. Marchantia pappeana Lehm. Appendage of a ventral scale (from 
Frimodt-Møller TZ642). 

 
DISCUSSION 
 
The low number of species collected does not permit to draw 
extensive conclusions concerning the flora element composition of 
the study area, but even so, the relatively high proportion of 
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endemic and subendemic species is conspicuous. Such elements are 
represented by Cololejeunea malanjae, C. tanzaniae, 
Diplasiolejeunea zakiae, Drepanolejeunea pocsii, Leucoloma 
subsecundifolium and L. zuluense, which constitute 20% of the total 
number of species. This high level of endemicity is even more 
striking among the animals. Among mammals, like the Udzungwa 
red colobus (Cercocebus galeritus), Kipunji (Rungwecebus kipunji) 
which is among the world’s 25 most endangered mammals, the 
Abbot’s duiker (Cephalopuis spadix); among birds the Udzungwa 
forest partridge (Xenoperdix udzungwensis) and last but not least 
the highly endangered Udzungwa Scarp tree frog (Nectophrynoides 
wendyae) which occurs only in one valley of the investigated area 
(Wikipedia 2019). Of course, the invertebrate fauna contains even 
higher ratio of endemics, probably thousands of still undescribed 
species (Enghoff 2016). Regrettably, the forest areas in the Eastern 
Arc mountains continuously shrivel, partly due to human activities, 
partly due to the global warming or the combination of the two. 
This is why the effective protection of these last primary forest 
covered blocks of the Crystalline Eastern Arc, and especially of the 
Udzungwe Scarp Forest Reserve would be essential (Seki et al. 
2011, Rovero et al. 2005, 2010). Since 2008 the Tanzania Forest 
Conservation Group, cooperating closely with the Trento Museum 
of Natural History, Italy, have worked with communities around the 
reserve to promote awareness of the importance of conservation 
values. 
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Abstract: The threatened polypore, Aurantiporus croceus has previously been 
known only from one locality in Hungary, and the basidiome of this species has not 
been seen in the country since 1972. In this study, a new Hungarian finding of A. 
croceus is reported from an old-growth forest reserve in the Vértes Mts (Central 
Transdanubia). We present the nrDNA ITS sequence, macro- and microscopical 
characteristics as well as photographs of the new specimen. 
 
Keywords: Central Europe, Hapalopilus, Meruliaceae, phylogeny, Polyporales, 
Quercus 

 
INTRODUCTION 
 
The peculiar polypore species, Aurantiporus croceus (Pers.) Murrill 
(≡ Hapalopilus croceus (Pers.) Bondartsev & Singer) is easily 
recognised in the field by the often large sized, bright orange-red 
coloured basidiocarps growing predominantly on veteran oak 
(Quercus) trees. Aurantiporus croceus is widely distributed in 
Europe (Ryvarden and Melo 2014) and also reported from the 
eastern parts of Asia (Dai 2012) and eastern North America (Zhou 
et al. 2016). Despite its widespread distribution and easily 
recognisable basidiome, A. croceus is considered to be a rare 
species everywhere. As a result of its rarity and its spectacular 
appearance, it was placed in the spotlight of the European fungal 
conservation; it is listed amongst the 33 threatened fungi proposed 
to be included in the Bern Convention (Dahlberg and Croneborg 

2003), and red-listed in 12 European countries (listed as CR in 
eight countries), and included in nine regional Red Data Books of 
Russia (Dahlberg 2019). Due to the significantly declined 
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population, it became very rare and scattered, it has recently been 
assessed to the IUCN’s Red List (Dahlberg 2019). 

From Hungary, only historical specimens of A. croceus were 
known. These are originated from an old living Quercus tree located 
near Sitke, Western Transdanubia (Igmándy 1968, Szabó 2012). 
Despite the single locality of this rare polypore, it was not included 
in the proposed Hungarian Red List (Rimóczi et al. 1999). 
Considering the specific habitat preference and the rarity of A. 
croceus in Hungary, the second author urged to protect this species 
by law, which was achieved in 2013 (MK 2013). However, despite 
the greater attention, no new occurrence of this species was 
observed until 2018. During a mycological survey of Juhdöglő-völgy 
Forest Reserve (Vértes Mts, Central Transdanubia) in late May, a 
new location of A. croceus was found. In this study the ITS 
sequence, macro- and microscopical characteristics and 
photographs of the new Hungarian specimen of A. croceus are 
presented. 
 
MATERIALS AND METHODS 
 
Isolates and morphology 
The new Hungarian specimen was deposited in the private 
herbarium of the authors. We report the macromorphological 
descriptions based on field notes. Micromorphological data were 
obtained from the dried specimens, which were observed under a 
Zeiss Axio Imager.A2 light microscope, equipped with AxioVision 
Release 4.8.2. software. Measurements were done with a 100× oil 
immersion objective (1000× magnification). Observations of 
microscopic features as well as measurements were made on slide 
preparations stained with Melzer’s reagent. Spores were measured 
by cutting sections from the tubes. The following abbreviations 
were used in the description of the basidiospores: IKI = Melzer’s 
reagent, IKI– = both inamyloid and indextrinoid, L = mean spore 
length, W = mean spore width, Q = variation in the L/W ratios, n = 
number of measured spores. 
 
Molecular study 
Primers ITS1F and ITS4 (White et al. 1990, Gardes and Bruns 1993) 
were used to amplify the ITS (internal transcribed spacer) region of 
the nuclear ribosomal DNA. For the amplification we used the 
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Phire® Plant Direct PCR Kit (Thermo Scientific, USA) following the 
manufacturer’s recommendations. The PCR (polymerase chain 
reaction) protocols were set according to Papp and Dima (2017). 
The quality of PCR products were checked in 2% agarose gels. The 
amplicons were sequenced commercially at the Biological Research 
Centre (Szeged, Hungary) with the same primers used in the PCR 
reactions. The chromatograms were checked, assembled and edited 
with the CodonCodeAligner 7.0.1 (CodonCode Corporation, 
Centerville, MA, USA). 

The newly generated Aurantiporus croceus sequence is 
deposited in GenBank (Benson et al. 2017); the accession numbers 
are included in Table 1. For the phylogenetic analysis, similar 
sequences were searched from GenBank using the BLASTn search 
tool (Altschul et al. 1990). The ITS region was aligned with PRANK 
(Löytynoja and Goldman 2005, 2008) as implemented in its 
graphical interface (PRANKSTER) using default settings. SeaView 4 
(Gouy et al. 2010) was used to visually inspect and improve the 
alignment. The nucleotide dataset resulted an alignment length of 
697 characters. The dataset was subjected to maximum likelihood 
(ML) and Bayesian inference (BI) phylogenetic analyses, which 
were performed in raxmlGUI (Silvestro and Michalak 2012) and 
MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003), respectively. ML 
analysis was done using 1000 rapid bootstrap searches. For the 
nucleotide partition the GTRGAMMA substitution model, while for 
the indel partition the RAxML default set for binary characters 
were applied. In the BI analysis the GTR + G model of evolution for 
the nucleotide partition, and the two-parameter Markov model 
(Mk2 Lewis) for the indel partition were applied. The BI settings 
were: four Markov chain Monte Carlo (MCMC) over 5 million 
generations, sampling every 1000th generation, two independent 
runs, and burn-in of 20% (the first 1000 trees were discarded). 
Post burn-in trees were used to compute a 50% majority rule 
consensus phylogram. Phylogenetic trees from both ML and BI 
analyses resulted in congruent topologies. The best scoring tree 
from the ML analysis was edited with MEGA6 (Tamura et al. 2013) 
and presented in Figure 1. 
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Table 1. Details of the specimens comprised in this study. Species, herbarium 
voucher numbers, country, and GenBank accession numbers are presented. 
 

Species 
Specimen 
voucher 

Collection 
site 

GenBank 
number 

References 

Aurantipileus 
mayanensis 

TJB10228, type Belize HM772140 GINNS et al. (2010) 

A. mayanensis JV 1504/128 Costa Rica KT156706 unpublished 

Aurantiporus 
croceus1 

BRNM 737561 
Czech 
Republic 

JQ821320 DVOŘÁK et al. (2014) 

A. croceus1 H6-27 Lithuania MH571407 unpublished 

A. croceus VPapp 300518-1 Hungary MT876120 this study 

Geesterania 
carneola 

MCW 474/13 Brazil KY175000 
WESTPHALEN et al. 
(2018) 

G. carneola MCW 388/12 Brazil KY174999 
WESTPHALEN et al. 
(2018) 

G. davidii 
MCW 396/12, 
type 

Brazil KY174998 
WESTPHALEN et al. 
(2018) 

G. davidii MCW 370/12 Brazil KY174997 
WESTPHALEN et al. 
(2018) 

Luteoporia 
albomarginata 

Dai 15229, type China KU598873 WU et al. (2016) 

L. albomarginata GC 1702-1 Taiwan MF496147 CHEN et al. (2018a) 

L. albomarginata TNM GC 1702-1 Taiwan LC379003 CHEN et al. (2018b) 

Odoria 
alborubescens 

PC 0706595, 
type 

France MG097863 PAPP & DIMA (2018) 

O. alborubescens BP 106943 Hungary MG097864 PAPP & DIMA (2018) 

O. alborubescens2 BRNU 627479 
Czech 
Republic 

JQ821319 DVOŘÁK et al. (2014) 

Pappia fissilis3 
SFC20140626-
03 

South 
Korea 

KX792915 KIM et al. (2016) 

P. fissilis3 BRNM 699803 
Czech 
Republic 

HQ728292 TOMŠOVSKÝ (2012) 

P. fissilis3 HHB9530sp USA KY948774 JUSTO et al. (2017) 

Phlebiporia 
bubalina 

Dai 13168, type China KC782526 CHEN & CUI (2014) 

P. bubalina Dai 15231 China KU598876 WU et al. (2016) 

P. bubalina Dai 9798 China KY131842 WU et al. (2017) 

Hapalopilus 
rutilans 

JV0407/34J USA KX752619 
MIETTINEN et al. 
(2016) 

H. rutilans H 6012735 Finland KX752614 
MIETTINEN et al. 
(2016) 

1 as Hapalopilus; 2 as Aurantiporus; 3 as Tyromyces 
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Figure 1. Phylogenetic tree of Aurantiporus croceus and related poroid species in 
Meruliaceae inferred from MrBayes and RAxML analyses of the nrDNA ITS 
sequences based on the best scoring maximum likelihood (ML) tree. Hapalopilus 
rutilans served for outgroup. Bayesian posterior probabilities (PP) > 0.9 and ML 
bootstrap values > 50% as evidences of statistical support are shown above or 
below branches. The bar indicates 0.1 expected change per site per branch. 

 
RESULTS 
 
ITS sequence analyses 
The dataset represents 21 sequences of eight poroid Meruliaceae 
species, with Hapalopilus rutilans as outgroup. The Hungarian 
specimen (GenBank: MT876120) cluster together with other A. 
croceus specimens (labelled as Hapalopilus croceus) collected in 
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Czech Republic (GenBank: JQ821320) and Lithuania (GenBank: 
MH571407). The sequences of other morphologically similar 
European species formerly discussed in Aurantiporus (viz. Odoria 
alborubescens (Bourdot & Galzin) V. Papp & Dima and Pappia fissilis 
(Berk. & M.A. Curtis) Zmitr.) cluster in well-separated strongly 
supported clades, respectively. 
 
Taxonomy 
Aurantiporus croceus (Pers.) Murrill, Mycologia 12(1): 11, 1920 
(Figures 2–3) 
≡ Boletus croceus Pers., Observationes mycologicae 1: 87, 1796; ≡ Polyporus 

croceus (Pers.) Fr., Observ. mycol. (Havniae) 1: 124, 1815; ≡ Phaeolus croceus 
(Pers.) Pat., Essai taxonomique sur les familles et les genres des 
Hyménomycètes: 86, 1900; ≡ Hapalopilus croceus (Pers.) Bondartsev & Singer, 
Annales Mycologici 39 (1): 52, 1941; ≡ Tyromyces croceus (Pers.) J. Lowe, 
Mycotaxon 2 (1): 21, 1975 

= Polyporus pilotae Schwein., Transactions of the American Philosophical Society 4 
(2): 156, 1832 

Basidiocarps annual, occasionally semi-perennial (Figure 3), 
broadly attached, pileate; upper surface bright orange-yellow at 
first, and finely pubescent, becomes vivid orange later, finely 
brownish orange and almost smooth when old; flesh vivid orange, 
dark wine-red to almost black when touched with KOH. Context 
soft and watery when fresh, shrinking considerably and becomes 
hard and rigid when dry, taste sourish or slightly bitter. Pore 
surface bright reddish-orange when fresh, brownish when dry, 
pores angular, 2–3 per mm. Tubes 2–3 cm thick, bright orange, 
spongiose and watery when fresh, drying darker orange to 
brownish, becomes hard and resinous. Hyphal system monomitic, 
hyphae hyaline and thin-walled, moderately branched, 3–6 µm in 
diam., septa with clamps. Hyphae richly encrusted with golden 
yellow crystals, forming a dense and loose covering around the 
wall. Yellow incrustation layer lose its elements in small pieces 
easily. Basidia 4-spored, 18–30 × 7–10 µm, clamped. Cystidia or 
other sterile elements absent. Basidiospores broadly ellipsoid, 
(4.02–) 4.12–4.36(–4.48) × (2.82–)3.00–3.22(–3.26) µm, L = 4.25 
µm, W = 3.1 µm, Q = 1.37 (n = 30), hyaline, thin-walled, smooth, 
negative in Melzer’s reagent. 

Specimens examined: HUNGARY. Vas County, near Sitke, Bajti, 
on old living Quercus robur, leg. Z. Igmándy, Pagony et Varga, 14 
Sept 1964 (Igmándy 1488); leg. Haracsi et Igmándy, 17 Sept 1965 
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(Igmándy 1599), leg. Z. Igmándy et Varga, 3 Dec 1966 (Igmándy 
1675); leg. Z. Igmándy, 8 Nov 1968 (Igmándy 1807); leg. Z. 
Igmándy, 28 Oct 1969 (Igmándy 1848); leg. Z. Igmándy, 11 Oct 
1972 (Igmándy 2010); Fejér County, Vértes Mts, near Csákberény, 
Juhdöglő-völgy Forest Reserve, on the underside of large Quercus 
sp. log, leg. A. Koszka et V. Papp, 30 May 2018 (VPapp 300518-1), 
GenBank: MT876120. CZECH REPUBLIC. Moravia, on Quercus 
robur, leg. A. Černý, 2 May 1958 (Igmándy 10129). 

 

 
Figure 2. Macromorphology and habitat of Aurantiporus croceus. a–b: habitat in Juhdöglő-
völgy Forest Reserve. c–e: basidiomata. f: KOH reaction of the basidiomata. g: pore surface 
(fresh material). Photos (a, b: V. Papp, c, e, f, g: A. Koszka, d: P. Finy). 
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Figure 3. Cross-section of Aurantiporus croceus basidiome (dried material). C1: 
old context, C2: new context, T1: old trama, T2: new trama. 

 
DISCUSSION 
 
Most observations of A. croceus are originated from living, old and 
coarse veteran trees, mainly oak (Quercus) and more rarely on 
chestnut (Castanea) in parks and old growth forests (Dahlberg 
2019). The new Hungarian location of A. croceus is reported from 
an old oak forest site at the Juhdöglő-völgy Forest Reserve, which is 
considered as one of the few European primary forests extant in 
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the Pannonian Biogeographic region (Sabatini et al. 2018). The 
lignicolous funga of the Juhdöglő-völgy Forest Reserve have 
intensely been studied in the last decade, and several rare and 
threatened wood-inhabiting basidiomycetes were documented 
(Papp 2011, 2012, Papp and Szabó 2013, Papp and Dima 2014, 
2018, Papp et al. 2012, 2016; Crous et al. 2018, Liu et al. 2018). 
Despite of the consecutive, targeted search of A. croceus at the old 
oak forest sections of the core area, only one location was 
observed. The basidiocarp grew 10 meters from the root zone of an 
old oak log (Figure 2 a,b). Although Juhdöglő-völgy Forest Reserve 
are protected and no forest management practices are being 
applied on the collection site, the crowded population of boar, red 
deer and mouflon creates a discontinuity in the forest. Thus, the 
genotype (or population) of A. croceus investigated in the Juhdöglő-
völgy Forest Reserve is threatened by the decreasing habitat 
quality. 
 
Acknowledgement: The authors wish to thank Jenő Jakab (Institute of 
Sylviculture and Forest Protection, University of Sopron) for providing additional 
information on the specimens collected by Zoltán Igmándy. 
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Abstract: (Mentha longifolia (L.) L.) is a less studied species from the viewpoint of 
its nonvolatile constituents and this work is the first phytochemical screening of it 
in Hungary. The aim of the experiments is to elaborate an efficient extraction 
method of its polyphenolic antioxidants. Thirty-six accessions were sampled. 
Soxhlet and an ultrasonic extraction were applied, both with methanol (MeOH) 
and ethanol:water 7:3 (WA).  The analysis of the extracts was carried out by HPLC-
DAD method.  Rosmarinic acid, hesperidin, diosmin and cynaroside were observed 
to be common constituents of all samples. Other major constituents were observed 
in all of the chromatograms at ca. tR=13.5 min. and tR=19.7 min (unknown A and 
B). Their identification needs further examination. Regarding antioxidant activity, 
WA extraction was more efficient than MeOH Soxhlet extraction. 
 
Keywords: Mentha longifolia, horsemint, polyphenolic antioxidants, HPLC, 
antioxidant activity 

 
INTRODUCTION 
 
Horsemint, Mentha longifolia (L.) L., Lamiaceae (further: ML) is a 
wild-growing perennial species. It has a large distribution area in 
Eurasia and non-tropical Africa (Tucker and Naczi 2007), grows in 
multiple types of habitats such as wet meadows, roadsides and 
urban areas (Başer et al. 1999). Active ingredients of ML originate 
from the mevalonate and shikimate pathways. The former 
produces the volatile terpenes of ML, most frequently ketones as 
carvone, piperitone, piperitenone and corresponding epoxides 
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(Başer et al. 1999; Sharopov et al. 2012). Triterpenes in ML 
(ursolic, oleanolic acids etc.) also originate from this pathway. The 
shikimate pathway is the origin of phenolics of ML. Caffeic acid 
derivatives (predominantly the known antiradical molecule 
rosmarinic acid) are present. But flavonoids also deserve attention: 
the presence of 55 different flavonoids was reported (Bourwieg 
and Pohl 1973; Ghoulami et al. 2001; Pereira and Cardoso 2013 
Hawrył et al. 2016, Patonay et al. 2017; Park et al. 2019), six of 
them de novo (Sharaf et al. 1999; Jahan et al. 2001; Ghoulami et al. 
2001; Ali et al. 2002). Regarding flavonoid subclasses, flavones 
seem to be present in the largest variability.  

There are several studies dealing with the phytochemistry of 
horsemint, although the majority of them deals with volatile 
terpenoids. Studies focusing to polyphenolic constituents most 
frequently evaluate a single sample of the species (e. g. Bourwieg 
and Pohl 1973; Sharaf et al. 1999; Jahan et al. 2001; Ghoulami et al. 
2001; Ali et al. 2002; Fialová et al. 2008; Krzyzanowska et al. 2011; 
Shen et al. 2011; Stanislavljević et al. 2012; Benedec et al. 2013; 
Bahadori et al. 2018; Park et al. 2019).  Relevant studies on a larger 
representative sample pool dealing with flavonoid composition of 
horsemint are not available, in contrary to e.g. peppermint (Guédon 
and Pasquier 1994). For the major nonflavonoid phenolics of 
horsemint, one single large-sample study has been found (Dudai et 
al. 2006) providing the rosmarinic and caffeic acid contents of 40 
different clones. Therefore, it can be established, that conclusions 
on the distribution pattern of polyphenols in horsemint 
populations and on the factors influencing their accumulation 
would be difficult. Additionally, a part of the former studies does 
not provide a detailed description of the extraction method applied, 
making the comparison of data difficult (e. g. Ghoulami et al. 2001; 
Jahan et al. 2001; Benedec et al. 2013). Thus, contrary to the 
abundance of this species, knowledge on its phytochemistry, 
especially in case of the polyphenolic compounds, still seems to be 
incomplete. The present study on the extractability and polyphenol 
composition of the Northern Hungarian ML populations has been 
carried out in the framework of a wider project which intends to 
utilize this species as a cultivated source of antioxidant and/or 
preservative preparations in the food industry. Thus, one step is to 
define an effective extraction method of horsemint resulting in the 
highest antioxidant capacity and polyphenol content of the 
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samples. In parallel, screening the polyphenol composition 
supplements our knowledge on this species and may help in 
elucidating the background of the antioxidant properties.  
 
MATERIALS AND METHODS  
 
Sampling: Thirty-six shoot samples of ML were collected in the 
flowering stage, from the end of June to the beginning of October, 
2016. Populations in the Bükk Mountains, Mátra Mountains, Heves-
Borsodi Hills and Eger were surveyed. Identification: one item (ID: 
NOSZ) by the collector Jana Táborská (Eszterházy Károly 
University, Department of Botany and Plant Physiology) ten items 
(JOF, HV1, HV2, HV3, HOV1, HOV2, HOV3, KÜH, JÁV and EGR4) by 
the collector Helga Szalontai and other samples: by Erika Pénzesné 
Kónya. The identification was performed on the basis of 
macromorphology, using the manual of the vascular flora of 
Hungary (Simon 1994). Voucher specimen deposition: at the 
Eszterházy Károly University in the chemotaxonomical collection of 
the herbarium (EGR-CH). Samples were hung in a shady place for 
21 days. After drying, leaves and inflorescences were separated 
from stems, collected and deposited in the freezer. 

Extraction. Extraction in a cooled ultrasonic bath (45 kHz, 3 
stages, 45 min/stage, at maximum 30°C) was applied.  Sonication 
may be expected to be milder toward many plant polyphenols of 
heat sensitivity as it can be performed at room temperature and 
normal pressure. Another advantageous traits of this method are 
the much lesser time demand and moderate solvent demand in 
comparison with Soxhlet extraction or the conventional room 
temperature maceration of plant material (Medina-Torres et al. 
2017). Furthermore, for rosmarinic and carnosic acids it was 
observed that the sonication gives better yield of them in 
comparison with conventional room-temperature maceration of 
rosemary leaves, both in case of methanolic and ethanolic 
extractions (Paniwnyk et al. 2009) and the antioxidant activity of 
extracts gained by ultrasonic treatments is higher than the values 
of extracts prepared by maceration. A comparative study on 
extraction of polyphenols of Tilia cordata inflorescences 
established that the sonication was the most efficient method to 
extract phenolic acids of Tiliae flos and the second efficient method 
to gain flavonol constituents of it when sonication, microwave 
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extraction, accelerated solvent extraction, heat reflux extraction, 
and Soxhlet were compared (Oniszczuk et al. 2015) 

In parallel, the Soxhlet method was applied as a reference 
method, as nowadays it is still frequently used to extract different 
plant materials (e. g. Ahmed et al. 2015) including horsemint (e. g. 
Güllüce et al. 2007; Iqbal et al. 2013) and in comparative 
investigations on extractability of some plants (Karabegović et al. 
2011). The solvents were methanol (MeOH) and 7:3 ethanol: water 
mixture (WA). Methanol (MeOH) was taken as a reference, as for 
this species a significant part of investigators use it when polar 
extracts are prepared (e.g.: Hajlaoui et al. 2009; Güllüce et al. 2007; 
Iqbal et al. 2013; Murad et al. 2016). The aqueous ethanol with 7:3 
ethanol: water ratio (WA) is not frequently mentioned in the 
references on this species (Mimica-Dukić et al. 1999; Stanislavljević 
et al. 2012; Benedec et al. 2013) however, the solvent is applied in 
pharmaceutical practice to prepare polyphenol rich tinctures i. e. 
from common tormentil (Potentilla erecta) rhizome (Kőszeginé 
Szalai et al. 2003). In this manner, four different extracts of each of 
the thirty-six horsemint samples were obtained.  

In vitro antioxidant parameters Antiradical activity was 
investigated by DPPH assay (0.1 mM DPPH in ethanol/30 
min/room temperature/normal light). Results are given in EC50 
mg/l extract. This means the concentration of the extract consumes 
half of the initial concentration of DPPH, thus a lower value means 
stronger activity. Reducing ability was investigated on FRAP assay. 
Briefly, a modified method of Benzie and Strain (1996) was used at 
the assay. Fifty ml of buffer (46.3 ml 0.2M acetic acid plus 3.7 ml of 
0.2M Na-acetate filled to 100 ml) was measured in with 5 ml 10mM 
2,4,6-s-tripyridyl-triazine (TPTZ) acidified with 84 μl cc HCl/25 ml 
solution. In the last step 5 ml 20mM ferric chloride was added to 
the mixture. 50 μl of sample with 1450 μl of this mixed reagent was 
reacted for 5 min (under normal light and room temperature).  
Spectra were collected and at 596 ± 1 nm evaluated. The results 
were determined as mg ascorbic acid equivalents (AAE) per kg dry 
weight (DW). Total polyphenol content was investigated by Folin-
Ciocalteu assay, with modifications of the protocol of Waterhouse 
(Waterhouse 2002) and given in gallic acid eq. (GAE) mg/kg DW. 
Suppliers of chemicals used for the antioxidant assays are as 
follows: DPPH, a. r., Sigma-Aldrich. Folin and Ciocalteu’s reagent, 
2N, VWR. TPTZ, 98%, Alfa Aesar. 
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HPLC investigations Apparatus: Agilent 1200 Series with diode 
array detector G1315D Column: ACE C18250 mm*4.6 mm*5 μm. 
Eluent A: aqueous acetic acid (5 V/V%) and B: acetonitrile. 
Injection: 10 μl. The applied gradient is shown in Table 1. 
 

Table 1. Timetable of the gradient program applied to the horsemint extracts. 

t min ACN % 
0 5 
5 5 
8 20 

11 20 
13 25 
16 30 

22.5 25 
24.5 25 
30 50 
32 95 
34 5 
37 5 

 
Identification of components was based on retention times of 

analytical standards. Standards were Caffeic acid, Sigma-Aldrich, 
min. 99%, predominantly trans; rosmarinic acid, Aldrich, min. 99%; 
Hesperidin, Sigma-Aldrich, min. 97%, analytical standard; 
Cynaroside, Sigma-Aldrich, min. 98%, analytical standard; Diosmin, 
Sigma-Aldrich, min. 90%, analytical standard. Solvents: 
Acetonitrile, VWR Chromanorm, super gradient grade Reag. Ph Eur, 
USP, ACS. Acetic acid, glacial: VWR AnalAR Normapur.  

Quantitation of the identified compounds were based on 
calibration with their standards. Results here are expressed as the 
maximal extractable concentration, in mg component/kg dry plant 
material weight (DW). For each sample, four concentration values 
were gained for the main phenolics according the different 
extraction methods described above. These were compared and the 
maxima were chosen. This approach may better approximate the 
real concentrations of the ingredients in the plant thus the 
variability of the concentrations among the 36 populations may be 
more recognizable. 
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RESULTS AND DISCUSSION 
 
Extractability and antioxidant activity  
The polyphenol contents calculated from the four different extract 
types has shown a strong solvent dependence. Extractions made 
with WA were more efficient. Table 2 depicts the basic statistical 
data for the TPC of four extract types, which are calculated from the 
detailed results provided in our previous study (Patonay et al. 
2019). The similarity of TPC values of the two WA extractions are 
observable, together with the weak efficiency of MeOH Soxhlet 
extraction. In Welch tests, significant difference of the obtained TPC 
values were observable between the two ultrasound extractions 
(p<0.025), the two Soxhlets (p<0.01), and between the two 
methanolic extract types but as it was expected from their similar 
values, no significant difference was found between the two 
hydroalcoholic treatments. 
 
Table 2. Comparison of descriptive statistics of TPC of ML samples, calculated 
from the different extracts. All data is given in mg GAE/kg DW. US stands for 
‘ultrasonic’. 

 MeOH 
Soxhlet 

MeOH 
US 

WA 
Soxhlet 

WA 
US 

Q1 25836 39143 41875 46148 

Median 35373 47520 53721 51684 

Q3 41295 55901 61351 58333 

Min 6295 7105 18381 23390 

Max 49033 67952 87024 67910 

 
The solvent dependence appears in the results of the 

antioxidant assays, too. WA extractions provide extracts with 
higher antioxidant activity, than methanolic ones. But additionally, 
in these assays, dependence on the extraction method is also 
noticeable. WA sonication was observed to be more efficient than 
WA Soxhlet, contrary to their similarity in total polyphenol 
contents. Methanolic Soxhlet extraction resulted in the least 
efficiency, contrary to its usage appearing in the literature. Basic 
descriptive statistical data of DPPH EC50 measurements on each 
extract series are shown in Table 3. The antiradical activity of the 
four extract types has shown significant differences on the Welch 
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test (from p<0.025 to p<0.001) in all arrangements of comparisons 
(two hydroalcoholic extractions, two methanolic extractions, two 
Soxhlets and two ultrasonic extractions).   
 
Table 3. Comparison of descriptive statistics of EC50–mg/L values of the different 
ML extracts. US stands for ‘ultrasonic’. 

 MeOH 
Soxhlet 

MeOH 
US 

WA 
Soxhlet 

WA 
US 

Q1 466.7 403.9 303.2 323.1 

Q3 727.8 608.3 462.6 383.3 

Median 583.1 501.6 362.1 355.8 

Min 353.3 291.7 168.5 226.9 

Max 3183 1736 983.4 806.4 

 
The ferrous reducing activities follow a similar trend as the 

DPPH data. Methanolic extraction is less efficient, than the WA 
extractions – partially, methanolic Soxhlet which is found to be the 
least effective. Sonication with WA is noticed to be more efficient, 
than WA Soxhlet extraction. The statistical characterization of 
FRAP values  are presented in Table 4. 
 

Table 4. Comparison of descriptive statistics of FRAP values calculated from the 
different extracts. All data is given in mg AAE/kg DW. US stands for ‘ultrasonic’. 

 MeOH 
Soxhlet 

MeOH 
US 

WA 
Soxhlet 

WA 
US 

Q1 5236 5498 6587 7173 

Q3 6704 7301 9975 10447 

Median 6118 6275 8017 9102 

Min 3264 2875 3441 5671 

Max 7463 9101 11969 12543 

 
The constituents detected in all the thirty-six samples of the 
horsemint 
Six major peaks were observed to appear in all of the extracts and 
until now, four of them have been identified and quantified. These 
are, in order of their elutions, the following: i) cynaroside, the 7-O-
glucoside of luteolin (5,7,3’,4’-tetrahydroxyflavone) ii) diosmin, the 
7-O-rutinoside of diosmetin (5,7,3’-trihydroxy-4’-methoxyflavone) 
iii) hesperidin, 7-O-rutinoside of hesperetin (5,7,3’-trihydroxy-4’-
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methoxyflavanone) and iv) rosmarinic acid, the caffeoyl ester of 
3,4-dihydroxyphenyllactic acid. Figure 2 is the chromatogram of a 
WA Soxhlet extract, also showing the structure of the identified 
four ingredients and designation of their peaks. Their 
concentrations in the studied extracts are different, depending on 
the plant material and, as it is expected, on solvent type. For 
example, hesperidin is concentrated in methanolic extracts up to 
29815 mg/kg calculated to DW, while it is present in significantly 
lower concentrations in hydroalcoholic extracts. Identification of 
the two other major peaks Unknown A and B requires further 
investigations. 

As it was expected, rosmarinic acid is a dominant constituent in 
the horsemint samples while other hydroxycinnamic acids as major 
components were not found. Another peculiar trait of the samples 
is the high concentration of hesperidin. This compound is 
frequently detected in Mentha plants (Guédon and Pasquier 1994) 
(Hanafy et al. 2017) but in varying concentrations, not often as a 
dominant constituent. Diosmin is also frequent in mints, e. g. in 
peppermint (Guédon and Pasquier 1994). In the case of the 
horsemint, presence of this compound was only reported once, 
from a single sample (Bourwieg and Pohl 1973).  
Figure 2 shows the distribution of the identified four polyphenols in 
the thirty-six plant samples and Table 2 summarizes the 
concentration intervals of them. 
As it was expected, a high variability is observable in the 
concentration of each polyphenol amongst the plant samples.  
 
Table 5. Intervals of the highest extracted concentrations of the identified 
polyphenols in the thirty-six horsemint samples. 

Component Highest extracted concentration, mg/kg DW 
Rosmarinic acid 7043-38667 
Cynaroside <200-2944 
Hesperidin 1985-29815 
Diosmin 398-7987 
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Figure 1. Chromatogram of mint MBA1, WA Soxhlet extract. Table included to the 
left upper corner contains the retention times of the six common constituents of 
the mint samples, together with their most intensive detection wavelengths. 
Structural formulae of the identified four polyphenols are inserted above their 
peaks. 
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Figure 2. Highest extracted concentrations of the identified polypenols in the 

horsemint samples, given in mg/kg DW. On the x-axis of the chart the sample ID-s 

are provided. 

 

Antioxidant properties of the identified polyphenols and their 
connection with the antioxidant capacities of the extracts 
Table 6 contains the DPPH and FRAP data measured on the 
standards of the four identified polyphenols, compared with the 
values of a widely used control antioxidant, di(tert-)butyl- 
hydroxytoluene (BHT or E321).  
 
Table 6. DPPH and FRAP values of the four identified polyphenol compounds in 
comparison with BHT as positive control.  

Standard DPPH EC50 mg/l FRAP mg AAE/kg 
 Mean S. D. Mean S. D. 

Rosmarinic acid 16 0.75 172499 1044 
Cynaroside 33 0.03 68637 2910 
Hesperidin 6352 84.00 13333 873 

Diosmin >25000 NA 3098 42 
BHT 87.35 4.51 12169 34 

 
Rosmarinic acid and cynaroside were observed to be strong 

antiradical and reducing agents, being more active than BHT.  
Rosmarinic acid shows outstandingly strong activity in both 
antioxidant activity assays, especially in FRAP. This is in 
accordance with the available literature data each in ferrous 
reducing activity (Hadjimehdipoor et al. 2014) and in DPPH testing 
(Damien-Dorman et al. 2003; Koşar et al. 2004). Hesperidin was 
observed to be a weak antiradical agent and diosmin is practically 
inactive in both assays. 
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The difference in the antiradical activity of cynaroside and the 
other two flavonoids may be justified with structural background: 
cynaroside has free C3’-OH and C4’-OH (free catechol moiety) 
which is highly important in effective radical scavenging (Bors et al. 
1990). Contrary to this, in the case of hesperidin and diosmin the 
C4’ site is blocked by a methoxy group. The correlation between the 
antioxidant properties of the extracts and the concentrations of the 
four phenolics in them was investigated. Rosmarinic acid 
concentration was found to be in significant correlation both with 
the antiradical and the ferrous reducing activity. Strength of 
correlations of DPPH EC50 values and rosmarinic acid content of the 
extracts was medium (R between 0.4990 and 0.5555 depending on 
extract type) with p<0.01. To ferrous reducing activity, R was 
calculated between 0.3551 and 0.5530 (also in dependence with 
the extract type) with p<0.01. To cynaroside concentrations, 
contrary to the high antioxidant activity of this substance, no 
significant correlation was found with the antioxidant properties of 
the extracts. No correlation between the two other identified 
flavonoids and the antioxidant capacities was detected, which is not 
unexpected regarding the weaker activity of them. 
 
Concluding remarks 
Based on our results, WA may be the appropriate extract type for 
assuring a high in vitro antiradical activity. Besides, it can be used 
in food industry without restrictions, contrary to methanol to 
which strict limitations have been declared (The European 
Parliament and Council 2009, 2010). The better efficacy of WA than 
methanol in our study is especially interesting as in numerous 
former references methanol was frequently used as a polar 
medium to gain polyphenolic antioxidants of the plant.  

The investigated horsemint samples contained high levels of 
rosmarinic acid. Concentration of this constituent may reach high 
values also in other mints: 0.97-3.86 m/m% DW, ca. 9700-38600 
mg/kg were observed in a survey dealing with 40 different samples 
of different peppermint cultivars (Guédon and Pasquier 1994). Our 
findings show, that horsemint may be a useful source of 
polyphenolic antioxidants, too. The high amount of hesperidin and 
the lack of caffeic acid in higher ratios was unexpected in 
comparison with literature of ML (Dudai et al. 2006). The presence 
of diosmin and its concentration intervals are also similar to the 
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values of peppermint detected in the aforementioned study (0.03-
0.47 m/m %, ca. 300-4700 mg/kg DW). A medium, significant 
correlation between rosmarinic acid content and antioxidant 
properties of samples was determined while the connection of 
antioxidant power and content of cynaroside was not significant. 
These results indicate that identification and quantification of 
Unknown A and B in the extracts would be necessary to decide how 
flavonoids and other polyphenols beyond rosmarinic acid 
contribute to the antioxidant properties of horsemint.  
The investigation discussed above is part of the first phytochemical 
survey of horsemint populations in Hungary. The high 
heterogeneity of concentration of the phenolics in the horsemint 
samples supports the assumption that the wild-collected material 
is not suitable for gaining extracts of standard quality. Selection, 
propagation and cultivation of ML chemotypes bearing the 
required polyphenol composition may provide a sustainable 
alternative. 
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NEW LIVERWORT AND HORNWORT RECORDS  
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Abstract: During the identification of the epiphyllous liverworts collected in 
Madagascar for the purposes of description of foliicolous communities, 11 species 
turned out as new to the flora of the island, one of them (Cololejeunea ocelloides) to 
the whole of Africa. In addition, 8 other species hitherto known only from one 
place in Madagascar became known from other localities. Finally two new 
synonyms were established. 
 
Keywords: biodiversity, endemics, Indian Ocean islands, Madagascar, new species  

 
INTRODUCTION 
 
The author with colleagues from the Eger College and other 
institutions and with his late wife visited Madagascar during 1990, 
1994, 1998 and in 2004. The results of these collecting trips are 
only partly published (Allen and Magill 2007, Bechteler et al. 2015, 
Dong et al. 2012, 2013, Dorr 1997, He and Grolle 2001, Heinrichs et 
al. 2005, 2014, Hodgetts 2008, Jones 1992, Kis and Pócs 2006, Lee 
et al. 2015, Lee and Pócs 2018, Lindner et al. 2004, Orbán 1995, 
2000, Pócs 1995, 1997, 2001, 2004, 2006a, 2006b, 2006c, 2010a, 
2010b, 2011a, 2011b, 2011c, 2020a, 2020b, 2021, Pócs et al. 2015, 
2016, 2018, 2019, Pócs and Geissler 2002, Pócs and Sass-Gyarmati 
2006, Pócs and Schäfer-Verwimp 2006, Pócs and Váňa 2002, 2015, 
Reeb et al. 2018, 2019, Sass-Gyarmati 2001, 2017, Sass-Gyarmati 
and Pócs 2002, 2019, Szabó and Pócs 2016, Wilding 2016), which 
were summarized until 2011 in Marline et al. (2012). Another part 
of the specimens is still under identification by himself and by 
specialists of the concerned groups [S.R. Gradstein (GOET): 
Plagiochila, G.E. Lee: Lejeunea, A.E. Newton (BR): Rutenbergiaceae, 
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A. Sass-Gyarmati (EGR): Bazzania, J. Wilbraham (BM): 
Orthotrichaceae].  
 
MATERIALS AND METHODS 
 
In the following the author wishes to display records from his most 
recent investigations done mostly on epiphyllous liverwort 
communities. Some of them are widely distributed in the 
continental part of Africa but somehow were not yet reported from 
Madagascar. For the nomenclature the ‘World checklist of 
hornworts and liverworts’ (Söderström et al. 2016) was 
considered. In the Madagascar and total African distribution apart 
from smaller reports we took in account the publications of Marline 
et al. (2012) and of Wigginton (2018). Specimens of the collection 
are deposited in the herbarium of Eszterházy Károly University in 
Eger, Hungary (EGR), in the Tsimbazaza Botanic Garden Herbarium 
(TAN), partly also in the Missouri Botanic Garden Herbarium (MO) 
and in the Herbarium of Field Museum in Chicago (F). Our present 
records originate from only a few localities and almost all are 
epiphylls (if not otherwise stated), therefore it seemed to be 
reasonable to enumerate the localities first in details than in the list 
just to mention them by their collecting numbers: 
 
The collecting localities 
90111. Antsiranana prov., Sava reg., Réserve Intégrale Nationale de Marojezy. 
Lowland rainforest near the first campsite in Andampibe valley, 200-500 m, with 
giant trees. T. Pócs, with R.E. Magill & C. LaFarge-England, 23–24. March 1990. 
90113. Antsiranana prov., Sava reg.,réserve Intégrale Nationale de MAROJEZY. 
Montane rainforest on the ridge N of Andampibe falls, 780-1050 m., trees 10-20 m 
high with many epiphytes. T. Pócs, with R.E. Magill & C. LaFarge-England, 24–29. 
March 1990. 
90114. Antsiranana prov., Sava reg., réserve Intégrale Nationale de Marojezy. Elfin 
forest on the SE ridge near camp III, at 1830 m alt. T. Pócs, with R.E. Magill & C. 
LaFarge-England, 26–28. March 1990. 
9448. Antsiranana prov., Sava reg. Masoala Peninsula. Submontane rainforest on 
the W slopes E of AMBANIZANA village, 450-600 m, 15°37'S,  49°59'30"E. T. Pócs, 
G. Kis, 9. Sept. 1994. 
9472. Fianarantsroa Prov., Haute Matsiatra reg., Parc national de l’Andringitra . 
Montane rainforests on the W  side of KOROKORO river, around camp II, 750-1000 
m, 22°13'S,  47°01-02'E. T. Pócs, G. Kis & A. Szabó, 20–23. Sept. 1994. 
9473. Fianarantsroa prov., Haute Matsiatra reg.,  Parc national de l'Andringitra. 
Mossy montane rainforest along a W tributary of KOROKORO river, near camp III, 
1000-1270 m, 22°12'40"S,  47°0 E . T. Pócs, G. Kis & A. Szabó, 20–23. Sept. 1994. 



PÓCS (2020): Notes on the bryophytes of Madagascar 2. 

 
71 

9474. Fianarantsroa prov., Haute Matsiatra, Parc national de l'Andringitra. Mesic 
montane evergreen forest on the ridge E of camp III, 1270-1450 m, with many 
climbing bamboos (Nastus sp.), 22°12'30"S, 47°0'15"E. T. Pócs, 22. Sept. 1994. 
9875. Toamasina prov., Analanjirofo reg., Mananara Nord Biosphere Reserve. 
Perhumide coastal dune forest with rich moss layer on the sandy ground, 1 km W 
of Antanambe village, 5 m, 16°25.8’S, 49°50.2’E. K., S. & T. Pócs and A. Szabó, 13. 
Aug. 1998. 
9877. Toamasina prov., Analanjirofo reg., Mananara Nord Biosphere Reserve and 
National Park. Lowland rainforest on the NW slope of BEHAFOTRA hill, 250-300 
m, with 3500 mm annual rainfall, 16°27.1-3’S, 49°47.6-9’E. K. & T. Pócs and A.& E. 
Szabó, 14–16. Aug. 1998. 
9883. Toamasina prov., Atsinanana reg.. Coastal dune forest with stilt rooted 
Uapaca trees and Memecylon bushes along the road between Andovoranto and 
Ambila-Lemaitso, 4-5 m , 18°54.2-55.4’S, 49°7.3-6’E. S. & T. Pócs and A. Szabó, 22. 
Aug. 1998. 
9887. Toamasina prov, Atsinanana reg. Peat forest & woodland often with thick 
Sphagnum layer on coastal white sand, with shallow lakes, between Pampangalana 
Canal and the ocean, 5 km N of Andovoranto, between Andombo and Andovoa, 10 
M , 18°54.1’S, 49°7.24’E. Pócs And A. Szabó, 24. Aug. 1998. 
9888. Toamasina prov., Atsinanana reg. Open dune forest dominated by Pandanus 
sp. and Garcinia sp. on coastal white sands between Pampangalana canal and the 
ocean, 5 km N of Andovoranto, between Andombo and Andovoa, at 10 m alt. 
18°54.1’S, 49°7.24’E. T. Pócs and A. Szabó, 24. Aug. 1998. 
9890. Toamasina prov., Alaotra-Mangoro, reg. Maromizaha forest, mossy montane 
rainforest with bamboo (Nastus sp.) undergrowth on the summit ridge of Mt. 
Maromizaha, south of the Andasibe Nat. Park and the Antananarivo – Toamasina 
road, 2 km SW of Anevoka village, 1080-1214 m , 18°57.8’S, 48°27.5’E. S. & T. Pócs, 
26. Aug. 1998. 
04116. Fianarantsoa prov. Forest Reserve on the E side of Antananarivo – 
Fianarantsoa road, 5 km N of Ambohima-Hasoa town, S of Ialatsara village. 
Eucalyptus plantation replacing montane rainforest, 1360 m alt. 21°04.69’S, 
47°12.70’E. S.& T. Pócs, N. Rakotonirina, R. Ranaivojaona and Z. Tuba, 24 July 2004. 
04120. Fianarantsoa prov., Atsinanana reg;, parc National de Ranomafana. 
Sahamalaotra Forest, 1.5 km E of Vohiparara village. Montane rainforest on 
undulating terrain, 1120-1160 m,21°14.36’S, 47°23.67’E. T. Pócs, N. Rakotonirina & 
R. Ranaivojaona, 26 July 2004.  
04126. Fianarantsoa prov., Atsinanana reg; parc National de Ranomafana. Along 
the N side of main road at the head the big waterfalls on the NAMORONA river. 
Dripping granitic cliffs surrounded by montane rainforest, 1080-1150 m, 
21°14.70-86’S, 47°23.82’E. S. & T. Pócs, 29 July 2004. 
04128. Fianarantsoa prov., Atsinanana reg;, parc National de Ranomafana. On the 
summit ridge of Mt. Vatolampy (with a telecom aerial), 2.3 km W of Ambatolahy 
village. Disturbed, relatively open montane rainforest with 5-10 (-20)m high trees, 
rich in micro-epipytes, 1200 m, 21°15.10’S, 47°24.44’E S.& T. Pócs, 30 July 2004.  
04130. Fianarantsoa prov., Atsinanana reg;, beyond the W boundary of 
Ranomafana National park. 1.6 km E of Ambatovaku Avaratra village, on the S side 
ridge of Mt. Namatoana. Dense, but not too shady microphyllous elfin forest of 
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thin, 6-8 (10) m tall trees, 1250 m,. 21°17.10’S, 47°19.14’E. S. & T. Pócs, K. Tuba, 24 
July 2004. 

 
RESULTS 
 
Records new for Madagascar 
 

Caudalejeunea africana (Steph.) Steph. 90111/BB, 9875/CC. 
Widespread epiphyll in continental Africa, new to the Indian Ocean 
islands, including Madagascar. 

Cheilolejeunea adnata (Lehm.) Grolle var. autoica Gradst. & 
Ilk.-Borg. (Syn.: Cheilolejeunea larsenii Mizut., Cheilolejeunea 
exinnovata E.W. Jones (fide Bastos & Gradstein 2020). 90111/CE, a 
pantropical species hitherto known from several places in 
continental West-Africa and Zimbabwe under the name of C. 
larsenii, but new for all East African islands (Wigginton 2018). It is 
characterized by its bottle shaped lobule and the the variability of 
its teeth often crossing each other. 

Cheilolejeunea ventricosa (Schiffn. ex P.Syd.) Xiao L. He. 
9472/BV, on dry, dead leaf. Malesian-Pacific species known in 
Africa only from Mauritius (Pócs 1997 as Pycnolejeunea ventricosa, 
Pócs et al. 2019). 

Cololejeunea haskarliana (Lehm. et Lindenb.) Schiffn. 
90113/FL, 9472/AS, 9473/GV, 9474/AA. A widespread species 
in Asia and in the Pacific, but in Africa only known from the 
Seychelles and from Réunion Island. 

Cololejeunea ocelloides (Hook.) Mizut. (Syn.: Cololejeunea 
leonidens Benedix). 90114/KE. Hitherto known as a Malesian 
species known from Sumatra to New Guinea (Pócs and Piippo 
2011), new for Africa. 

Cololejeunea pteroporum Tixier 90111/BR. A species 
described and hitherto known only from Rodrigues Island (Tixier 
1985, Grolle 1995), new for Madagascar. 

Dendroceros borbonicus Steph. 9888/F. Quite widespread in 
Mauritius, Réunion and the Seychelles, not yet known from 
Madagascar. A species equally occurring on leaves, bark and twigs 
in wet habitats. 

Lejeunea exilis (Reinw. et al.) Grolle 90114/HA. A widespread 
Indomalesian-Pacific species, known only from Réunion in Africa, 
new for Madagascar. 
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Plate I. Figure 1. Caudalejeunea africana (Steph.) Steph. (from Pócs & Szabó 
9875/CC). Figure 2. Cheilolejeunea andnata var. autoica  Gradst. & Ilkiu-Borges, 
ventral view (from Pócs 90111/CE). Figure 3. Cheilolejeunea ventricosa (Schiffn. ex 
P.Syd.) Xiao L. He, ventral view (from T. Pócs & Kis 9472/BV). Figures 4–6. 
Cololejeunea haskarliana (Lehm. & Lindenb.) Steph., 4 = ventral view, 5 = lobule 
with crossing teeth, 6 = lobe margin (from Pócs & Kis 9472/AS). 

 
Leptolejeunea maculata (Mitt.) Schiffn. 94111/BC,BW, 

9883/BA. A palaeotropic species, widespread in mainland Africa 
and tropical Asia and the Pacific, known also from the Seychelles, 
Réunion and Rodrigues Island but not yet in Madagascar (Müller 
and Pócs 2002). 
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Microlejeunea dispar Jov.-Ast 90113/FO. Endemic of the East 
African islands, known only from Réunion, Mauritius (Grolle 1995, 
Marline et al. 2012, Wigginton 2018). 

Radula flaccida (Lindenb.) Gottsche 90111/BH, 9883/BR. A 
common Afro-American epiphyll. From the Indian Ocean region it 
was known only from Anjouan (Dzouani) Island in the Comores 
(Castle 1939). 
 
Records of species known before only from one area in 
Madagascar 
 

Cololejeunea mariana Tixier 90111/CG. Known only from its 
type locality in St. Marie Island. 

Colura obvoluta Jov.-Ast 9875/CN. Apart from its type locality 
in St. Marie Island of Madagascar it was known only from the 
Seychelles Islands (Pócs 1995). 

Colura humbertii Jov.-Ast 9890/DB. In Pócs (2020b) this 
record by mistake under the name of C. calyptrifolia was 
communicated. 04126/QC. In Madagascar it is known only from its 
type locality (Jovet-Ast 1954). Since became known from Mauritius 
and Réunion (Grolle 1995) and from Tanzania (Pócs 2020b). 

Diplasiolejeunea magnistipula Tixier 04128/AT. The species 
was described from Cameroon (Tixier 1975) and later only one 
other record was published from the Lokoho Basin in northern 
Madagascar (under the synonym of Diplasiolejeunea 
drepanolejeuneoides, Tixier 1977). 

Drepanolejeunea cultrella (Mitt.) Steph. 04128/AT. On dry, 
dead leaf. A very widespread tropical African species known only 
from one locality in north-western Madagascar (Pócs and Geissler 
2002). 

Leptolejeunea epiphylla (Mitt.) Steph. 94111/BC. 
Palaeotropical species, widespread from tropical Africa through 
tropical Asia to the Pacific. It is known in the Indian Ocean Islands 
from the Seychelles, Comores and Mauritius and in Madascar only 
from the Manongarivo Reserve (Pócs and Geissler 2002).  

Otolejeunea moniliata Grolle. 9448/K, 9472/AD, AZ 
epiphyllous, BW On dry, dead leaves. It was previously known only 
from the type area of Marojezy Reserve in northern Madagascar. 
Now it becomes known also from the Masoala Peninsula and 
further south in the Andringitra mountains. It is worth to mention 
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that the original description does not mention the scattered ocelli, 
which can be observed only on fresh material (and also seen on the 
micrograph of Bechteler et al. 2015: fig. 1c and f). Furthermore 
there are specimens with denticulate lobes, where the teeth are 
tipped by hyaline papillae.  

 

 
Plate II. Figures 7–8. Cololejeunea ocelloides (Hook.) S.Hatt. 7 = ventral view, 8 = 
lobe margin (from Pócs et al. 90114/KE). Figures 9–10. Cololejeunea pteroporum 
Tixier, 9 = leaf, dorsal view, 10 = lobule, ventral view (from Pócs et al. 90111/BR). 
Figure 11. Lejeunea exilis (Reinw. et al.) Grolle, ventral view (from Pócs et al. 
90114/HA). Figure 12. Leptolejeunea maculata (Mitt.) Schiffn., ventral view (from 
Pócs & Szabó 9883/BA). 
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Radula pinnata Pócs 9875/CK. New record of the recently 
described species (Pócs 2020a) at 5 km distance from the type 
locality. It was supposed that it is mainly corticolous and only 
facultative or incidentally epiphyll, but at the new locality R. 
pinnata occurred also only on leaf surface.  
 

 
Plate III. Figures 13–14. Colura obvoluta Jov.-Ast , 12 = ventral view, 14 = 
unseparable valve (from Pócs & Szabó 9875/CN). Figure 15. Leptolejeunea 
maculata (Mitt.) Schiffn., ventral view from Pócs et al. 90111/BC). Figures 16–17. 
Otolejeunea moniliata Grolle. 16 = scattered mid lobe ocelli, 17 = sparsely 
denticulate lobe margin (from Pócs et al. 9472/AZ). Figure 18. Radula pinnata 
Pócs (from Pócs et al. 9875/CK). 
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New synonyms of Madagascar liverworts 
 
During the study of many epiphyllous material from different 
Madagascar localities was found that some species described on the 
base of only few specimens are interconnected by transitional 
forms. Hence is impossible to demarcate species limits between 
them. On this base the following new synonyms were established: 
 

Cololejeunea cuneata (Lehm. et Lindenb.) Herzog, Bot. Not. 100 
(4): 320, 1947 (Herzog 1947).  
Basionym: Jungermannia cuneata Lehm. et Lindenb., Nov. Stirp. 
Pug. 4: 56, 1832 (Lehmann 1832). Type: MAURITIUS (G). 
Syn.: Leptocolea subciliata (Mitt.) E.W.Jones, Trans Brit. Bryol. Soc. 
2 (E.W. Jones 1953). Type: RODRIGUEZ I. I.B. Balfour, 1874 (BM). 
Syn. nov.: Cololejeunea cristata (Steph.) R.M. Schust. Beih. Nova 
Hedwigia 9: 173, 1963 (Schuster 1963). 
Basionym: Physocolea cristata Steph., Sp. Hepat. (Stephani) 5: 869, 
1916 (Stephani 1916). 
Type: MADAGASCAR Leloutre, 13 July 1898 (G). 
Other synonyms see in Tixier (1985). 
Tixier (1985: 52) had already mentioned the difficulties to 
distinguish Cololejeunea cristata from Cololejeunea cuneata and 
from some other species. The difference between the two species is 
established on the lobule dentition, whether 1 or 2 lobule teeth are 
present. In our collections (90111/BQ, 90113/FU, 9473/HJ, 
9875CH, 9883/BC, 9887/Y), even within one specimen, both cases 
occur and the development of second tooth is very variable, from 
very well developed to obsolete or nothing. This indicates that the 
two species are practically not separable. 

Diplasiolejeunea kraussiana (Lindenb.) Spruce, Sp. Hepat. 
(Stephani) 5: 919, 1916 (Stephani 1916).  
Basionym.: Lejeunea kraussiana Lindenb., Syn. Hepat. 3: 393, 1845, 
(Gottsche et al. 1845).  
Type: SOUTH AFRICA, near Knysna, in terries “Outaniquanis”, 
Krauss (W, Lindenb. Hep. 6757, isotypes BM (H 10003), G).  
Syn. nov.: Diplasiolejeunea auriculata Tixier, Rev. Bryol. 
Lichenol. 45 (2): 210, 1979 (Tixier 1979). 
Type: MADAGASCAR, Fianarantsdoa, forêt du Tsarafidy, Tixier 8908 
(holotype PC). 
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According to Tixier (1979:212) D. auriculata is close to D. 
kraussiana. To distinguish the two species, he used the formation of 
lobule apex and the shape of perianths. In the original diagnosis of 
Diplasiolejeunea kraussiana (Lindenberg in Gottsche et al. 1845), 
the lobule apex is described as “lobulo magno bidentato (dente 
margini propinquo maiore) inflexo”. Tixier writes in the diagnosis of 
Diplasiolejeunea auriculata: “dente media cum duobus cellulis ad 
apicem”. The T shaped teeth, like for Diplasiolejeunea cornuta 
Steph., is a very unreliable character occurring on many lobules 
indeed and missing in others, within the same or in other plants. 
The perianth shape is also very variable, even on the Tixier’s 
drawings of (1979: 211-212, figs. 1:11 and fig 2: 10–12) from 
obcordate with auriculate wings to simple obconic with narrow, 
straight wings. According to the author’s observation several 
specimens are transitional between the two. The combinations of 
these two characters at different degree can occur. Hence there is 
no reason to distinguish them at the species level. For example in 
our specimen 04116/H the shape of the perianth is typically 
“auriculate”, while the majority of the apices of the lobule teeth are 
simple. 
 
DISCUSSION 
 
The diversity of Madagascar bryoflora is very high, compared even 
to continental Africa. From the near 1200 bryophyte species almost 
400 are liverworts and hornworts, although the greater part of the 
island is under high anthropogenic influence. A great proportion of 
the former primary vegetation types are lost. Many rainforests, 
which house the highest proportion of the bryophyte species, are 
already converted to pastures, to secondary savoka bushes, as the 
result of shifting, slash and burn cultivation and of illegal timber 
cutting. Even so, careful collection and identification work every 
year brings to light many new records and even taxa new to 
science. Therefore the existing protected areas, as national parks 
and biosphere reserves have great significance and merit 
international aid to be saved.  

As it is seen from the above enumeration, the bryoflora of 
Madagascar is still inadequately known. From a moderate amount 
of collections 11 species turned out to be new for the flora of the 
island and the same amount were known only from one locality. It 
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should be mention, that from these few localities already 7 species 
were described as new to science and further 4 are waiting for 
description. The herbarium of Eszterházy Károly University in Eger 
(EGR) has an immense amount of collected specimens (mostly 
shared with the Herbarium of Tsimbazaza Botanical garden, 
Antananarivo: TAN). We are looking for specialists of the different 
groups, especially of mosses and are ready to send the specimens 
to them for identification and revision, as we already did before. 
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