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KEYS FOR THE IDENTIFICATION OF BRYOPHYTES OCCURRING
IN HUNGARY

Peter Erzberger

Belziger Str. 37, D 10823 Berlin, Germany, E-mail: erzberger.peter@gmail.com

Abstract: Keys for the identification of all bryophytes presently known to occur in
Hungary are presented. The three groups: Hornworts (2 taxa), Liverworts (149
taxa), and Mosses (541 taxa) are treated separately. Bryophyte identification using
these keys proceeds in two steps: 1. Artificial keys to the genera, 2. Keys from
genera to species, arranged systematically according to recent taxonomy. Each
species of the Hungarian bryophyte flora is assigned to one of six frequency
classes (very common: cc, common: ¢, widespread: w, rare: r, very rare: rr, not
seen: n.s.). A glossary explaining the technical terms used in the keys and an index
of genera are included.

Keywords: Genera, species, glossary, mosses, liverworts, hornworts

INTRODUCTION

Identification of Hungarian bryophytes up to now had to rely on
either keys in Hungarian published 68 and 38 years ago,
respectively, long out of print (Boros 1953, Orban and Vajda 1983),
and out-of-date in many respects, or on keys written in various
languages for other countries or regions (e.g. for liverworts and
hornworts: Smith (1991), Paton (1999), Damsholt (2002),
Schumacker and Vana (2005), Frey et al. (2006), Casas et al
(2009), Atherton et al. (2010) in English, Gradstein and van Melick
(1996), Siebel and During (2006) in Dutch, Miiller (1905-1916,
1951-1958), Frahm and Frey (1992, 2004), Frey et al. (1995),
Nebel and Philippi (2005) in German; for mosses: Smith (1978,
2004), Casas et al. (2006), Frey et al. (2006), Atherton et al. (2010)
in English, Touw and Rubers (1989), Siebel and During (2006) in
Dutch, Frahm and Frey (1992, 2004), Frey et al. (1995), Nebel and

@ This article is an open access article distributed under the terms and conditions of the Creative
= Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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Philippi (2000, 2001) in German, Brugués et al. (eds.) (2007),
Brugués and Guerra (eds.) (2015), Guerra et al. (eds.) (2006, 2010,
2014, 2016) in Spanish, to name just a few). None of these
treatments by itself allows the identification of all bryophytes
presently known in the Hungarian bryophyte flora, except Frey et
al. (2006). Therefore, time is overdue to present an accurate and
updated tool for naming all bryophyte taxa of Hungary, including
the many that have been discovered as new members of the
Hungarian bryoflora in recent years. This need became particularly
urgent during the first stages of the Hungarian bryophyte recording
project (Erzberger 2012, Erzberger and Németh 2016, Erzberger
2020) when new contributors to the project had to be guided in
improving their identifications skills. To remedy this, the author
then compiled a preliminary version of identification keys, which
was circulated among the participants of the recording project and
continuously improved according to the accumulating experience.

5 : X '?‘ i : ol 2k s 5
Figure 1. Riccia frostii Austin, Hungary, Gy6r-Moson-Sopron County, Vének, bank
of the Danube, 02.10.2015 photo by Csaba Németh

Taxonomy and nomenclature closely follow the most recent
European and Hungarian checklists (Hodgetts et al 2020,
Erzberger and Papp 2020). Here authorities to all names can be
found; they have been deliberately omitted in this treatment. To
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facilitate the use of older works, the names used in older checklists
(Erzberger and Papp 2004, Papp et al 2010) are included as
synonyms. To give an overwiew of the underlying taxonomy, a
conspectus of classification has been included. A glossary
explaining all technical terms used in the keys has also been
compiled.

As a consequence of recent taxonomic developments, mainly
based on molecular evidence, many species have changed their
generic names and many genera have been transferred to different
families. Thus the conventional approach of three steps in
bryophyte identification - keys to families, keys to genera of each
family, keys to species of each genus - is no longer practical, since
many families lack easily observable morphological defining
characters. I have therefore followed Guerra et al. (eds.) (2016) and
Casas et al. (2006, 2009) in first giving a key to genera and then
within each genus (containing more than one species in Hungary) a
key to species.

However, for families with a # clear-cut morphological
definition, keys are provided directly to all or nearly all species of
the familiy (Table 1).

Table 1. Families for which a direct key to species is provided

Liverworts page Mosses page
Aneuraceae 109 Bartramiaceae 189
Calypogeiaceae 98 Bryaceae 190
Cephaloziaceae 86 Dicranaceae 139
Lejeuneaceae 108 Ditrichaceae s.l. incl. Saelania, 143

Flexitrichum
Lophocoleaceae 104 Funariaceae 131
Pelliaceae 111 Grimmiaceae 175
Plagiochilaceae 106 Polytrichaceae 126
Scapaniaceae excluding 95 Rhabdoweisiaceae 142
Schistochilopsis Seligeriaceae 174

In some cases these keys are additional to the keys from genus
to species, but in others there are no separate keys from genus to
species. This applies in particular where genera are keyed out
collectively (often along the delimitations of taxa formerly in use),
not separately, because their morphological delimitation is not
useful for a simple key. Some of the newly established genera have
been included in collective keys to species (Table 2).
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Table 2. Groups of genera treated collectively in keys to species

Liverworts page
Barbilophozia group Barbilophozia, Neoorthocaulis 85
Jungermanniaceae Endogemma, Jungermannia, Liochlaena, 101
group Nardia, Solenostoma, Syzygiella
Lophoziaceae group Barbilophozia, Isopaches, Lophozia, 89
Lophoziopsis, Mesoptychia, Neoorthocaulis,
Obtusifolium, Schistochilopsis, Trilophozia,
Tritomaria
Marchantiales pp. Asterella, Clevea, Conocephalum, Lunularia, 112
Mannia, Marchantia, Reboulia
Riccia group Oxymitra, Riccia, Ricciocarpos 115
Mosses page
Amblystegium group Amblystegium, Hygroamblystegium, 216
Pseudoamblystegium, Pseudocampylium,
Serpoleskea
Anomodon group Anomodon, Claopodium, Pseudanomodon 230
Bryum s.l. Bryum, Imbribryum, Ptychostomum 190
Brachythecium s.l. Brachytheciastrum, Brachythecium, 223
Sciuro-hypnum
Calliergon group Calliergon, Straminergon 218
Gymnostomum group Gymnostomum, Gyroweisia 170
Hypnum s.l. Buckia, Hypnum 227
Mnium group Mnium, Plagiomnium, Rhizomnium 201
Neckera s.l. Alleniella, Exsertotheca, Neckera 228
Pottia s.l. Hennediella, Microbryum (excl. M. 153
curvicollum, M. floerkeanum), Tortula
caucasica, T. lindbergii, T. protobryoides,
T. truncata
Tortula s.l. Hilpertia, Syntrichia, Tortula (excl. T.acaulon, 160

T. caucasica, T. lindbergii, T. protobryoides,
T. truncata)

This approach, although at first glance seeming to lack
systematic rigour, should provide the possibility to enter the
process of identification at various taxonomic levels (family, group
of morphologically similar genera, genus) and thus enable a
comparison among taxa that could easily be confounded, although
in some cases not related taxonomically. A similar purpose is
intended by various notes mentioning differences between related
or unrelated taxa.

The keys have been adapted from the references mentioned
above and others (e.g. Watson 1981), and from additional
treatments of special groups which are indicated at the families or
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genera, including personal experience of the author. In general,
only taxa from the most recent Hungarian checklist (Erzberger and
Papp 2020) have been considered, plus three species added to the
Hungarian bryoflora after the publication of the checklist
(Hydrogonium croceum, Orthothecium rufescens, Rhytidiadelphus
loreus), their names are printed in bold, but some taxa that might
be expected (or have been doubtfully recorded) have in a few cases
been included (printed in normal case).

As an additional information the frequency of recent
occurrences of taxa (based on records since 1974, i.e. after the era
of A. Boros) is included in the following categories: very common:
cc, common: ¢, widespread: w, rare: r, very rare: rr, not seen: n.s.
(i.e. no record after 1973). These estimates are based on a
preliminary evaluation of the recording project (Erzberger and
Németh 2016, Erzberger 2020) which will be published elsewhere,
and their accuracy should not be overestimated, since coverage of
the country is far from complete; in particular the lowlands are
sorrowfully under-represented. The frequency may help mainly
beginners to check the result of their identification, excluding very
rare and rare species, which are unlikely to be found without
experience

Acknowledgements - [ am indebted to Péter Sz{ics for editing the keys, to Csaba
Németh for providing the photograph of Riccia frostii (Fig. 1.) and to the
participants of the recording project for feedback on the preliminary keys and
their contributions to the dataset. Special thanks are due to Christian Berg (Graz),
Frank Miiller (Dresden) and Tamas Péocs (Eger) for their constructive criticism of
the manuscript resulting in many essential improvements.
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CONSPECTUS OF CLASSIFICATION

The taxonomic hierarchy presented below is based on the most
recent European checklist (Hodgetts et al. 2020), and the most
recent Hungarian checklist for the set of taxa considered
(Erzberger and Papp 2020). Although it represents the most up-to-
date classification, it will probably be outdated very soon since
current concepts are in a state of flux due to ongoing molecular
work. Only orders, families and genera are listed in this conspectus.

Anthocerotophyta (Hornworts)

Order
Family

Anthocerotales
Anthocerotaceae
Anthoceros
Notothyladales
Notothyladaceae
Phaeoceros

Order
Family

NNNP PR

Marchantiophyta (Liverworts)

Order
Family

Jungermanniales
Adelanthaceae
Syzygiella
Anastrophyllaceae
Anastrophyllum
Barbilophozia
Crossocalyx
Gymnocolea
Isopaches
Neoorthocaulis
Sphenolobus
Cephaloziaceae
Cephalozia
Fuscocephaloziopsis
Nowellia
Cephaloziellaceae
Cephaloziella
Obtusifolium

Family

N2 O ONO U AW wRW

Family

= O R
BT w N e

Family

U=
vt
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Family 7. Lophoziaceae
16. Lophozia
17. Lophoziopsis
18. Trilophozia
19. Tritomaria
Family 8. Scapaniaceae
20. Diplophyllum
21. Scapania
22. Schistochilopsis
Family 9. Calypogeiaceae
23. Calypogeia
Family 10. Endogemmataceae
24. Endogemma
Family 11. Gymnomitriaceae
25. Marsupella
26. Nardia
Family 12. Jungermanniaceae
27. Liochlaena
28. Jungermannia
29. Mesoptychia
Family 13. Solenostomataceae
30. Solenostoma
Family 14. Blepharostomataceae
31. Blepharostoma
Family 15. Lepidoziaceae
32. Bazzania
33. Lepidozia
Family 16. Lophocoleaceae
34. Chiloscyphus
35. Lophocolea
Family 17. Plagiochilaceae
36. Pedinophyllum
37. Plagiochila
Family 18. Trichocoleaceae
38. Trichocolea
Order 4. Porellales
Family 19. Frullaniaceae
39. Frullania
Family 20. Lejeuneaceae
40. Cololejeunea
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Family
Family

Order
Family

Order
Family
Family

Order
Family

Order
Family
Order

Family

Order
Family

Order
Family

Family
Family
Family

Family

41.
21
42.
22.
43.
5.
23.
44,
6.
24,
45.
46.
25.
47.
7.
26.
48.
8.
27.
49.
50.
9.
28.
51.
10.
29.
52.
11.
30.
53.
54.
55.
31.
56.
32.
57.
33.
58.
34,
59.
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Lejeunea
Porellaceae
Porella
Radulaceae
Radula
Ptilidiales
Ptilidiaceae
Ptilidium
Metzgeriales
Aneuraceae
Aneura
Riccardia
Metzgeriaceae
Metzgeria
Fossombroniales
Fossombroniaceae
Fossombronia
Pelliales
Pelliaceae
Apopellia

Pellia

Blasiales
Blasiaceae
Blasia
Lunulariales
Lunulariaceae
Lunularia
Marchantiales
Aytoniaceae
Asterella
Mannia
Reboulia
Cleveaceae
Clevea
Conocephalaceae
Conocephalum
Marchantiaceae
Marchantia
Oxymitraceae
Oxymitra
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Family 35. Ricciaceae

60. Riccia

61. Ricciocarpos
Order 12. Sphaerocarpales
Family 36. Sphaerocarpaceae

62. Sphaerocarpos

Bryophyta (Mosses)

Order 13. Sphagnales
Family 37. Sphagnaceae

63. Sphagnum
Order 14. Andreaeales
Family 38. Andreaeaceae

64. Andreaea
Order 15. Tetraphidales
Family 39. Tetraphidaceae

65. Tetraphis
Order 16. Polytrichales
Family 40. Polytrichaceae

66. Atrichum

67. Pogonatum

68. Polytrichastrum

69. Polytrichum
Order 17. Buxbaumiales
Family 41. Buxbaumiaceae

70. Buxbaumia
Order 18. Diphysciales
Family 42. Diphysciaceae

71. Diphyscium
Order 19. Timmiales
Family 43. Timmiaceae

72. Timmia
Order 20. Encalyptales
Family 44. Encalyptaceae

73. Encalypta
Order 21. Funariales
Family 45. Funariaceae

74. Pyramidula

75. Entosthodon
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Order
Family

Family
Family

Family

Family
Family
Family
Family

Family

Family

Family

Family

Family

76.
77.
22,
46.
78.
47.
79.
48.
80.
49.
81.
82.
83.
50.
84.
51.
85.
52.
86.
53.
87.
54.
88.
89.
55.
90.
91.
92.
93.
56.
94,
57.
95.
96.
97.
98.
99.
58.
100.
101.
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Funaria
Physcomitrium
Dicranales
Distichiaceae
Distichium
Flexitrichaceae
Flexitrichum
Archidiaceae
Archidium
Leucobryaceae
Campylopus
Dicranodontium
Leucobryum
Amphidiaceae
Amphidium
Aongstroemiaceae
Dichodontium
Dicranellaceae
Dicranella
Fissidentaceae
Fissidens
Dicranaceae
Dicranum
Paraleucobryum
Rhabdoweisiaceae
Cnestrum
Cynodontium
Dicranoweisia
Rhabdoweisia
Bruchiaceae
Bruchia
Ditrichaceae
Ceratodon
Ditrichum
Pleuridium
Pseudephemerum
Trichodon
Pottiaceae
Acaulon

Aloina



ERZBERGER (2021): Identification keys for Hungarian bryophytes

Order
Family

Family

Family

Family

102.
103.
104.
105.
106.
107.
108.
1009.
110.
111.
112.
113.
114.
115.
116.
117.
118.
1109.
120.
121.
122.
123.
124.
125.
126.

23.
59.

127.

60.

128.
129.
130.

61

131.
132.

62

133.
134.
135.
136.
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Barbula
Bryoerythrophyllum
Chenia
Cinclidotus
Crossidium
Didymodon
Hennediella
Hilpertia
Microbryum
Pseudocrossidium
Pterygoneurum
Syntrichia
Tortula
Streblotrichum
Chionoloma
Ephemerum
Eucladium
Gymnostomum
Gyroweisia
Hydrogonium
Hymenostylium
Splachnobryum
Tortella
Trichostomum
Weissia
Grimmiales
Saelaniaceae
Saelania
Seligeriaceae
Blindia
Blindiadelphus
Seligeria
Ptychomitriaceae
Brachydontium
Campylostelium
Grimmiaceae
Racomitrium
Coscinodon
Grimmia
Schistidium



Acta Biol. Plant. Agriensis 9(2): 3-260

Order
Family

Order
Family

Family

Order
Family

Family

Order
Family

Order
Family

Order
Family

Order
Family

24,
63.

137.

25.
64.

138.
139.
140.

65.

141.
142.
143.

26.
66

144.
145.
146.
147.

67.

148.
149.
150.
151.

27.
68

152.
153.
154.
155.
156.
157.
158.

28.
69

159.

29,
70

160.

30.
71.
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Hedwigiales
Hedwigiaceae
Hedwigia
Bartramiales
Bartramiaceae
Bartramia
Plagiopus
Philonotis
Meesiaceae
Amblyodon
Leptobryum
Meesia

Bryales
Bryaceae

Bryum
Imbribryum
Ptychostomum
Rhodobryum
Mniaceae

Pohlia

Mnium
Plagiomnium
Rhizomnium
Orthotrichales
Orthotrichaceae
Codonoblepharon
Lewinskya
Nyholmiella
Orthotrichum
Pulvigera

Ulota

Zygodon
Orthodontiales
Orthodontiaceae
Orthodontium
Aulacomniales
Aulacomniaceae
Aulacomnium
Hookeriales
Hookeriaceae
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161. Hookeria

Order 31. Hypnales

Family 72. Fontinalaceae
162. Fontinalis

Family 73. Plagiotheciaceae

163. Herzogiella

164. Isopterygiopsis
165. Plagiothecium
166. Myurella

167. Orthothecium

168. Platydictya

169. Pseudotaxiphyllum

Family 74. Fabroniaceae
170. Fabronia
Family 75. Pterigynandraceae
171. Pterigynandrum
Family 76. Climaciaceae
172. Climacium
Family 77. Amblystegiaceae
173. Cratoneuron

174. Palustriella

175. Amblystegium

176. Anacamptodon

177. Campyliadelphus

178. Campylium

179. Campylophyllopsis

180. Conardia

181. Drepanocladus

182. Hygroamblystegium

183. Hygrohypnum

184. Leptodictyum

185. Pseudoamblystegium

186. Pseudocampylium

187. Serpoleskea

188. Tomentypnum
Family 78. Calliergonaceae

189. Calliergon

190. Sarmentypnum

191. Straminergon
Family 79. Scorpidiaceae
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Family

Family
Family

Family

Family

Family
Family
Family
Family

Family

192.
193.
194.

80.

195.
196.

81.

197.

82.

198.

83.

199.
200.
201.

84.

202.
203.
204.
205.
206.
207.
208.
2009.
210.
211.
212.
213.
214.
215.

85.

216.

86.

217.

87.

218.

88.

2109.

89.

220.
221.

28

Hamatocaulis
Sanionia
Scorpidium
Leskeaceae
Claopodium
Leskea
Pseudoleskeaceae
Lescuraea
Pseudoleskeellaceae
Pseudoleskeella
Thuidiaceae
Abietinella
Helodium
Thuidium
Brachytheciaceae
Eurhynchium
Plasteurhynchium
Pseudoscleropodium
Rhynchostegium
Cirriphyllum
Microeurhynchium
Oxyrrhynchium
Rhynchostegiella
Brachytheciastrum
Brachythecium
Eurhynchiastrum
Homalothecium
Kindbergia
Sciuro-hypnum
Hypnaceae
Hypnum
Callicladiaceae
Callicladium
Taxiphyllaceae
Taxiphyllum
Pylaisiadelphaceae
Platygyrium
Pylaisiaceae
Buckia
Calliergonella
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Family

Family

Family
Family

Family

Family

Family

Family

Family

Family

Family

222.
223.
224.

90.

225.

91.

226.
227.
228.
229.
230.

92.

231.

93.

232.

94,

233.
234.

95.

235.

96.

236.
237.
238.
239.
240.
241.
242.

97.

243.

98.

244,
245.

99.

246.
100.
247.
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Homomallium
Ptilium

Pylaisia
Sematophyllaceae
Sematophyllum
Hylocomiaceae
Hylocomiadelphus
Hylocomium
Loeskeobryum
Pleurozium
Rhytidiadelphus
Rhytidiaceae
Rhytidium
Entodontaceae
Entodon
Leucodontaceae
Leucodon
Nogopterium
Antitrichiaceae
Antitrichia
Neckeraceae
Alleniella
Exsertotheca
Homalia
Leptodon
Neckera
Pseudanomodon
Thamnobryum
Heterocladiellaceae
Heterocladiella
Lembophyllaceae
Heterocladium
Isothecium
Myuriaceae
Ctenidium
Anomodontaceae
Anomodon
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PRELIMINARY REMARKS - HOW TO USE THESE KEYS

The Kkeys presented below require the use of a compound
microscope and ideally also of a stereomicroscope, preferably
equipped with micrometer eyepieces to enable measurement of
small distances. Some preparation sKkills are also useful.

Following the directions in the keys, beginning with the key to
the main groups of bryophytes (1.), the user will eventually arrive
at the name of a genus or a group of genera, which can then be
looked up in the second part, keys to species of liverworts and
hornworts (5.), and keys to species of mosses (6.), to obtain the
name of the species in question. If there is only one species to a
genus, the species name is given already in part one.

After arriving at a species name, it is essential that the result
should be carefully compared with illustrations and descriptions of
the species including remarks about its ecological demands.
Unfortunately, in this respect the user must consult some of the
treatments listed below, since an up-to-date bryophyte flora of
Hungary is still missing. Since numerous bryophyte taxa that were
not hitherto known to occur in Hungary have been detected during
the last years, it is always possible that the user might try to
identify a plant that is not treated in the present keys. It is only by
consulting detailed descriptions and illustrations that such a
situation can be noticed. Also, the keys cannot take account of every
possibility given that certain taxa show a wide range of variability.
If the user cannot decide between the alternatives in a given
couplet of the key, both paths should be followed. Often taxa that
may display both character states of a given couplet have been
keyed out under both alternatives.

ABBREVIATIONS

agg. aggregate, a group of related species (or microspecies)
which are difficult to distinguish from one another

pp. pro parte, meaning part of a taxon, e.g. only some species of
a genus, not all
s.l. sensu lato, meaning in the wider sense, when a name may

denote different circumscriptions of a taxon, e.g. Ulota
crispa s.l. (U. crispa s.str., U. crispula, U. intermedia)
s.str.  sensu stricto, meaning in the narrow sense
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FREQUENCY CLASSES

cc very common

c common

w widespread

r rare

T very rare

n.s. not seen, i.e. without records after 1973

RECOMMENDED LITERATURE

(References for particular groups can be found in the second part:
Keys to species. Without aiming at completeness, these have often
been selected because of some reference to Hungary. They usually
will guide the user to other important references.)

Hornworts and liverworts
Illustrations and descriptions

PATON, J.A. (1999). The Liverwort Flora of the British Isles. Harley

Books, Great Horkesley, 626 pp. - Line drawings of many details,
often showing variability of characters.
Does not treat the following liverworts: Anastrophyllum michauxii,
Asterella saccata, Cephalozia lacinulata, Cephaloziella divaricata var.
scabra, C. varians, Clevea hyalina, Conocephalum salebrosum, Frullania
cleistostoma, F. jackii, Liochlaena subulata, Lophocolea minor, Lophozia
ascendens, Mannia fragrans, M. triandra, Oxymitra incrassata, Porella
baueri, Riccia ciliata, R. ciliifera, R. frostii, R. gougetiana, R. papillosa, R.
warnstorfii, Scapania apiculata, S. mucronata. The treatment of
Conocephalum conicum is out-dated. The plants described and
illustrated under Riccia bifurca belong to R. subbifurca agg. (Meinunger
and Schroder 2007).

DAMSHOLT, K. (2002). Illustrated Flora of Nordic Liverworts and
Hornworts. Nordic Bryological Society, Lund. 837 pp. - Very
precise drawings, taxonomically up to date.

Does not treat the following liverworts: Calypogeia suecica,
Cephaloziella divaricata var. scabra, Cololejeunea rossettiana,
Conocephalum salebrosum, Frullania cleistostoma, Mannia triandra,
Oxymitra incrassata, Pedinophyllum interruptum, Riccia crozalsii, R.
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frostii, R. gougetiana, R. papillosa, Scapania parvifolia, Sphaerocarpos
europaeus.

Casas, C., BRUGUES, M., Cros, R.M., SERGIO, C. & INFANTE, M. (2009).

Handbook of Liverworts and Hornworts of the Iberian Peninsula
and the Balearic Islands. Institut d'Estudis Catalans, Barcelona,
177 pp. - Keys, short descriptions, illustrations of some essential
features.
Does not treat the following liverworts: Anastrophyllum michauxii,
Asterella saccata, Cephalozia lacinulata, Cephaloziella divaricata var.
scabra, C. varians, Endogemma caespiticia, Frullania cleistostoma, F.
Jjackii, Fuscocephaloziopsis macrostachya, Liochlaena subulata, Mannia
triandra, Riccia rhenana, Scapania lingulata, S. parvifolia.

SMITH, A.J.E. (1991). The Liverworts of Britain & Ireland. Cambridge
University Press, Cambridge, 362 pp. - Second choice after the
publication of Paton (1999) as concerns the illustrations as well
as the descriptions. Missing taxa are the same as in Paton
(1999).

FREY, W., FRAHM, ].-P., FISCHER, E. & LOBIN, W. (2006). The Liverworts,
Mosses and Ferns of Europe. English edition revised and edited by
T.L. Blockeel. Harley Books, Colchester, 512 pp. - Treats all
species occurring in Hungary, but mostly very briefly, and not all
are illustrated. Illustrations for most taxa missing in other
accounts can usually be found.

SCHUMACKER, R. & VANA, ]. (2005). Identification keys to the
liverworts and hornworts of Europe and Macaronesia
(distribution & status). Second edition fully revised and updated.
Sorus, Poznan, 209 pp. - only keys, no descriptions, no
illustrations, but covering all of Europe.

Mosses
Illustrations

LUTH, M. (2019). Mosses of Europe. A Photographic Flora. Vol. 1-3.
Michael Liith, Freiburg, 1360 pp. — Nearly all mosses occurring
in Hungary are shown in very attractive photographs, including
many microscopic details! Available for purchase on
www.mosses-of-europe.com. Many of Michael Liith’s brilliant
moss photographs can also be found / downloaded on his
website: www.milueth.de, www.bildatlas-moose.de
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LANDWEHR, |. (1984). Nieuwe Atlas Nederlandse bladmossen. Thieme,
Zutphen, 568 pp. - Excellent drawings of the species occurring
in Netherlands; most of the drawings (including also those of the
corresponding atlas on liverworts) have been included in the
following:

SIEBEL, H.N. & DURING, H.]. (2006). Beknopte Mosflora van Nederland
en Belgié. KNNV Uitgeverij, Utrecht, 559 pp. - with keys and
descriptions in Dutch.

lllustrations and descriptions

ATHERTON, 1., BOSANQUET, S.D.S. & LAWLEY, M. (eds.) (2010). Mosses
and Liverworts of Britain and Ireland. A Field Guide. British
Bryological Society, Plymouth, 848 pp. - Many of the species
occurring in Hungary can be found in this useful book, with
many helpful photographs, but without reference to microscopic
details, only field characters (visible with a hand-lens) are
treated.

Casas, C., BRUGUES, M., CRos, R.M. & SERGIO, C. (2006). Handbook of
Mosses of the Iberian Peninsula and the Balearic Islands. Institut
d'Estudis Catalans, Barcelona, 349 pp. - Mainly keys, short
descriptions and line drawings of important characters. For the
list of taxa missing in the Iberian Peninsula, see the next
reference.

GUERRA, ]. & CRoS, RM. (coord.) (2006-2016). Flora Briofitica
Ibérica. 6 Volumes. Universidad de Murcia, Sociedad Espafiola
de Briologia, Murcia. (In Spanish). - Very detailed line drawings
and extensive descriptions.

Does not treat the following mosses: Anacamptodon splachnoides,
Anomodon rugelii, Blindiadelphus campylopodus, Brachythecium
capillaceum, Brachythecium geheebii, Bruchia flexuosa, Bryum barnesii,
Bryum stirtonii, Bryum violaceum, Bryum warneum, Callicladium
haldanianum, Cinclidotus danubicus, Cnestrum schisti, Crossidium
laxefilamentosum, Cynodontium tenellum, Dicranella crispa, Dicranella
humilis, Dicranum fulvum, Didymodon glaucus, Ditrichum pallidum,
Drepanocladus lycopodioides, Drepanocladus sendtneri, Drepanocladus
sordidus, Fissidens arnoldii, Grimmia plagiopodia, Grimmia teretinervis,
Helodium blandowii, Hilpertia velenovskyi, Hydrogonium
consanguineum, Hypnum pallescens var. reptile, Lescuraea saviana,
Microbryum muticum, Neckera pennata, Nyholmiella gymnostoma,
Orthodontium lineare, Orthotrichum urnigerum, Physcomitrium
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eurystomum, Physcomitrium sphaericum, Plagiothecium latebricola,
Pohlia lutescens, Pohlia nutans subsp. schimperi, Polytrichum
perigoniale, Pseudocampylium radicale, Racomitrium microcarpon,
Rhynchostegium rotundifolium, Schistidium confusum, Schistidium
lancifolium, Sematophyllum adnatum, Sphagnum inundatum, Sphagnum
obtusum, Sphagnum riparium, Splachnobryum obtusum, Taxiphyllum
densifolium, Thamnobryum neckeroides, Tortula cernua, Tortula muralis
subsp. obtusifolia, Weissia rostellata.

Reference to the six volumes of Flora Briofitica Ibérica and their
content

BRUGUES, M., CROS, R.M. & GUERRA, ]. (eds.) (2007). Flora Briofitica
Ibérica. Vol I, Sphagnales, Andreaeales, Polytrichales,
Tetraphidales, Buxbaumiales, Diphysciales. Universidad de
Murcia, Sociedad Espafiola de Briologia, Murcia, 183 pp.

BRUGUES, M.& GUERRA, |. (eds.) (2015). Flora Briofitica Ibérica. Vol. 1],
Archidiales, Dicranales, Fissidentales, Seligeriales, Grimmiales.
Universidad de Murcia, Sociedad Espafiola de Briologia, Murcia,
355 pp.

GUERRA, ], CANO, M.J. & Ros, R.M. (eds.) (2006). Flora Briofitica
Ibérica. Vol. 1lI, Pottiales, Encalyptales. Universidad de Murcia,
Sociedad Espafiola de Briologia, Murcia, 305 pp.

GUERRA4, J., BRUGUES, M., CANO, M.]. & CRoS, R.M. (eds.) (2010). Flora
Briofitica Ibérica. Vol. 1V, Funariales, Splachnales, Bryales,
Timmiales. Universidad de Murcia, Sociedad Espafiola de
Briologia, Murcia, 317 pp.

GUERRA4, J., CANO, M.]. & BRUGUES, M. (eds.) (2014). Flora Briofitica
Ibérica. Vol. V, Orthotrichales, Hedwigiales, Leucodontales,
Hookeriales. Universidad de Murcia, Sociedad Espafiola de
Briologia, Murcia, 261 pp.

GUERRA4, ], CANO, M.]. & BRUGUES, M. (eds.) (2016). Flora Briofitica
Ibérica. Vol. VI, Hypnales. Universidad de Murcia, Sociedad
Espafiola de Briologia, Murcia, 463 pp.

Keys and detailed descriptions (in German), some photographs
NEBEL, M. & PHILIPPI, G. (eds.) (2000). Die Moose Baden-

Wiirttembergs, 1. (Andreaeales bis Funariales). Ulmer, Stuttgart,
512 pp.
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NEBEL, M. & PHILIPPI, G. (eds.) (2001). Die Moose Baden-
Wiirttembergs, 1I. (Schistostegales bis Hypnobryales) Ulmer,
Stuttgart, 529 pp.

NEBEL, M. & PHILIPPI, G. (eds.) (2005). Die Moose Baden-
Wiirttembergs, 11 (Sphagnopsida, Marchantiopsida,
Anthocerotophyta) Ulmer, Stuttgart, 487 pp.

Short descriptions (in English) and original drawings mainly by the
author, often showing very useful details

NyHOLM, E. (1960). Illustrated Moss Flora of Fennoscandia 1l. Musci.
Fasc. 4. Swedish Natural Science Research Council, Lund, pp.
284-408.

NYHOLM, E. (1979). lllustrated Moss Flora of Fennoscandia Il. Musci.
Fasc. 5, ed. 2. Swedish Natural Science Research Council,
Stockholm, pp. 407-647.

NYHOLM, E. (1981). lllustrated Moss Flora of Fennoscandia Il. Musci.
Fasc. 6, ed. 2. Swedish Natural Science Research Council,
Stockholm, pp. 647-799.

NyHoLM, E. (1987). Illustrated Flora of Nordic Mosses. Fasc. 1.
Fissidentaceae - Seligeriaceae. Nordic Bryological Society,
Copenhagen and Lund, pp. 1-72.

NyHnoLM, E. (1990). Illustrated Flora of Nordic Mosses. Fasc. 2.
Pottiaceae - Splachnaceae - Schistostegaceae. Nordic Bryological
Society, Copenhagen and Lund. pp. 75-141.

NyHoLM, E. (1993). Illustrated Flora of Nordic Mosses. Fasc. 3.
Bryaceae - Rhodobryaceae - Mniaceae - Cinclidiaceae -
Plagomniaceae. Nordic Bryological Society, Copenhagen and
Lund, pp. 145-244.

NyHoLM, E. (1998). Illlustrated Flora of Nordic Mosses, Fasc. 4
(Aulacomniaceae - Meesiaceae - Catascopiaceae - Bartramiaceae
- Timmiaceae - Encalyptaceae - Grimmiaceae - Ptychomitraceae
- Hedwigiaceae - Orthotrichaceae). Nordic Bryological Society,
Copenhagen and Lund, pp. 249-404.
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PART I: GENERAL KEYS

1. KEY TO THE MAIN GROUPS OF BRYOPHYTES

1

Plants thallose, i.e. a more or less flat gametophyte, not
differentiated into stem and leaves..................ccoo 2
Plants not thallose, differentiated into stems and leaves........ 3
Thallus cells usually with a single, large chloroplast; capsule
cylindrical, dehiscing by 2 valves...............c.... Hornworts
Thallus cells with numerous chloroplasts; capsule globose,
ovoid, ellipsoid or cylindrical, dehiscing by 4 valves or

irregular...........coooioii Thalloid liverworts

3 Leafy liverworts
Mosses

Differences between liverworts and mosses

liverworts
gametophyte a thallus
leaves deeply lobed or segmented

leaves never with costa ( but beware of
vitta in Diplophyllum albicans)
leaves without costa, cells isodiametric,
never prosenchymatic
leaves arranged in 3 ranks, 2 ranks of
lateral leaves and 1 rank of (smaller)
underleaves, which may be lacking
rhizoids consisting of a single cell each

seta weak, hyaline, elongating rapidly
and dying after a few days

spore capsule containing spores and
elaters, but without peristomium

capsule globose or ovoid, without lid,
splitting into 4 valves
capsule blackish, without chloloplasts
and wall without stomata

36

mosses
gametophyte never a thallus
leaves never deeply lobed or
segmented
leaves with or without costa

leaves without costa, cells
prosenchymatic, never isodiametric
leaves not in 3 or 2 ranks (but beware
of Fissidens, Distichium: leaves in 2
ranks, but leaves costate)
rhizoids made up of more than one cell,
with oblique cross-walls
seta stout, brown, red, yellow,
elongating slowly and long persisting,
usually visible for a year
spore capsule containing spores only,
with peristomium in the majority of
cases
capsule pear-shaped to cylindrical,
typically with lid and peristome
capsule green with chloroplasts when
young, usually brown when ripe, wall
often with stomata
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2.KEYS TO GENERA OF THALLOID BRYOPHYTES

Hornworts

Thallus variously lobed, lobes with crispate margins; spores
dark brown or blackish; mature antheridia 50-90 pm long
.............................................................................. Anthoceros agrestis (r)
Thallus lobed, but margins only rarely crispate; spores
yellowish, rarely yellowish brown; proximal face of spores
with weak, centrally placed papillae................
.................................................................... Phaeoceros carolinianus (1)

Thalloid liverworts

1

Thallus circular, completely covered by clavate involucres
0N dOTSAl SIAE. ..o
..... Sphaerocarpos europaeus (Sphaerocarpos texanus) (n.s.)
Thallus not as above, not covered completely by clavate
INVOIUCTES. ..o 2
Dorsal epidermis reticulate, with pores or irregular
openings, and usually with air chambers visible in cross
section; rhizoids dimorphic, smooth or warty, respectively;
thallus with chlorenchyma and parenchyma differentiated.....

Dorsal epidermis not reticulate, without pores or air
chambers; rhizoids smooth; thallus not differentiated into
chlorenchyma and parenchyma...............cccoooioin, Group 2

Group 1 Thallus with internal differentiation; dorsal epidermis
with pores; rhizoids smooth or warty

I N =

w

Dorsal side of thallus with gemma receptacles............... 2
Dorsal side of thallus without gemma receptacles................ 3
Gemma receptacles semilunar............. Lunularia cruciata (r)

Gemma receptacles cup-shaped.......... Marchantia pp. (p.112)
Plants in incomplete or complete rosettes; chlorenchyma
with air canals or with air chambers with irregular openings
or small pores; capsule totally or partially immersed in
thallus.............ooooo Riccia group (p.115)
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- Plants not in rosettes; chlorenchyma with air chambers with
simple or barrel-shaped pores; capsule not immersed in

ENALLTUS. .o 4
4 Pores barrel-shaped (cross section), conspicuous....................
.................................................................................... Marchantia (p.112)
- Pores simple, conspicuous or not.....................c.ccccooioovioeoeeceenn, 5
5 Epidermis conspicuously reticulate, with elongate areolae 1
mm or longer..............ccoii, Conocephalum (p.112)
- Epidermis conspicuously reticulate, with areolae less than 1
mm long, or reticule lacking........................cooiiioi 6

6 Thallus surface indistinctly reticulate, when dry parchment-
like, smooth except for the slightly elevated, simple pores;
ventral scales metallic purple, with 2 filiform appendages;
pores prominent, surrounded by 4-5 concentric rings of
CellS..iiiii Reboulia hemisphaerica (w)

- Thallus distinctly reticulate; ventral scales coloured or
hyaline, with 1-2 lanceolate appendages; pores prominent
or not, surrounded by 1-5 concentric rings of cells................ 7

7 Ventral scales lacking marginal slime hairs, triangular,
hyaline, with a lanceolate appendage; air chambers high,
obliquely in 2-3 1ayers..............oi
............................................. Clevea hyalina (Athalamia hyalina) (1)

- Ventral scales with marginal 1-celled slime hairs; air
chambers low, vertically in 1-3 layers...........ccoii, 8

8 Archegonia and sporophytes not surrounded by laciniate
pseudoperianth; crushed thallus with or without smell of
cedar oil; dorsal thallus epidermis with or without trigones...
.............................................................................................. Mannia (p.112)

- Archegonia and sporophytes surrounded by laciniate
pseudoperianth; crushed thallus with a faint smell of rotten
freshwater fish; dorsal thallus epidermis without trigones......
................................................................................. Asterella saccata (w)

Group 2 Thallus without internal differentiation, dorsal
epidermis without pores, rhizoids smooth

1 Thallus with obliquely inserted crisped or undulate leaf-like
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Gemmae dimorphic, (i) stellate, about 400 um, (ii) globose or
ellipsoidal, about 100 pm, produced in flask-like receptacles
on the dorsal surface of the thallus................. Blasia pusilla (1)
Gemmae lacking ... Fossombronia (p.111)
Thallus furcate, to 2 mm wide, with unicellular hairs at
margins, on ventral or on both sides, sometimes glabrous;
midrib narrow, clearly distinct on the dorsal side;
gametangia and sporophytes on small branches on ventral
side of midrib..............ccoooooiiii Metzgeria (p.110)
Thallus simple, furcate, pinnate, palmate or irregularly
branched, more than 3 mm wide, glabrous; midrib indistinct
or poorly distinct on the dorsal side; gametangia and
sporophytes on dorsal side of thallus or on lateral branches....

............................................................................................................................. 4
Thallus furcate; gametangia on dorsal side of thallus............... 5
Thallus simple, pinnate, palmate or irregularly branched;
gametangia on small lateral branches......................... 6

Slime papillae restricted to ventral side of costa near apex,
on stalk 1-5 (6) cells long; thalli with miniature apical
branches proliferating in autumn; dioicous; involucres
subhorizontal to erect, tubular, with dentate-ciliate lobes;
male tubercles ca 200 um wide, cells surrounding aperture
not papilliform; calcicole................ccooooiii
................................ Apopellia endiviifolia (Pellia endiviifolia) (w)
Slime papillae on stalk 1 cell long, on both ventral and dorsal
sides of costa near apex; caducous branches absent; dioicous
or monoicous; calcifuge...............cooin, Pellia (p.111)
Thallus simple or irregularly branched, 3 mm wide or more;
more than 6 oil bodies in each epidermal cell.....................
______________________________________________________________________________________ Aneura pinguis (w)
Thallus 1-4-pinnately branched or palmate, lobes < 2 mm
wide; 0-2 oil bodies in each epidermal cell Riccardia (p.109)

.KEYS TO GENERA OF FOLIOSE LIVERWORTS

Leaves laciniate, divided almost to base into filiform
segments, or leaves with longly ciliate or laciniate margins....
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Leaves laciniate, divided almost to base into 3-4 uniseriate

segments. ..., Blepharostoma trichophyllum (r)
Leaves divided into 2-5 lobes that are not uniseriate, with
longly ciliate or laciniate margins..................... 3
Leaf lamina very reduced............. Trichocolea tomentella (rr)
Leaf lamina well developed...... Ptilidium pulcherrimum (w)

Leaves simple (but sometimes apex 3-dentate)............... 5

Leaveslobed. ... 7
Leaves INCUDOUS. ... 6
Leaves sucCubouSs................cccoocooioiioiiiee e Group 3

Leaf apex rounded to bilobed; underleaves bilobed, retuse,
emarginate or rounded................ccooinn, Calypogeia (p.98)
Leaf apex truncate, usually with 1-3 teeth; underleaves
orbicular quadrate, irregularly 4-5-lobed...........................

............................................................................... Bazzania trilobata (1)
Leaves 3-5-lobed..............ccooiiii Group 4
Leaves bilobed....................oooo 8
Leaves conduplicate, ventral lobe sometimes sac-shaped or
helmet-shaped...............coii 9
Leaves not conduplicate.............cccooocoiiiiiiiis 10
Underleaves lacking. ... Group 5
Underleaves present.................coooooioiiiiil Group 6
Leaves transversely or subtransversely inserted.......Group 7
Leaves obliquely or longitudinally inserted, succubous............
............................................................................................................. Group 8

Group 3 Leaves simple, succubous

N

I W

%)}

Underleaves present, conspicuous, bilobed........................ 2
Underleaves lacking, minute or small, rarely bilobed............. 3
All leaves simple, with rounded or retuse apex.......................
................................................................................. Chiloscyphus (p.104)
At least some lower leaves bilobed............. Lophocolea (p.104)
Leaf margin toothed, at least at apex......... Plagiochila (p.106)
Leaf margin entire.................cocooooiiii 4
Underleaves present, at least on young plants................ 5
Underleaves lacking or caducous.....................cooccoooo, 6
Lower leaves spreading, apical leaves imbricate, pressed
face to face; perianth mouth laciniate......................cooo
................ Syzygiella autumnalis (Jamesoniella autumnalis) (1)
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Leaves not as above; perianth mouth at most crenulate............
............................................................................................... Nardia (p.100)
Leaves strongly obliquely to longitudinally inserted............... 7
Leaves transversely to obliquely inserted........................ 8
Plants prostrate; rhizoids only at stem apex; leaves plane........
........................................................ Pedinophyllum interruptum (w)
Plants procumbent or ascending; rhizoids lacking or scarce
on underground stems; leaves convex ... Plagiochila (p.106)
Lower leaves spreading, apical leaves imbricate, pressed
face to face; perianth mouth laciniate............................
................ Syzygiella autumnalis (Jamesoniella autumnalis) (1)
Leaves not as above; perianth mouth at most crenulate............
.............................. Jungermanniaceae group (incl. Endogemma,

Jungermannia, Liochlaena, Solenostoma) (p.101)

Group 4 Leaves 3-5-lobed

Leaves SUCCUDOUS..............cooccooioiio 2
Leaves incubous or nearly transverse................ccconnnn. 3
Lower leaves bilobed, upper leaves sometimes irregularly 3-
5-lobed..........coooooo Lophoziaceae group (p.89)
All leaves 3-4-lobed..................oooooi
..... Barbilophozia group (incl. Neoorthocaulis floerkei) (p.85)
Underleaves 1acking...............coocoooiiiiiii
..... Tritomaria s.l. (incl. Trilophozia quinquedentata) (p.89)
Underleaves present, similar to leaves, although smaller;
leaves incubous................c.cccooooninn, Lepidozia reptans (w)

Group 5 Leaves conduplicate, underleaves lacking

Dorsal lobe larger than ventral lobe.................coooo 2
Dorsal lobe similar in size to ventral lobe or smaller............... 3
Plants medium-sized, shoots ca 2 mm wide; rhizoids
originate from the lobule.......................... Radula (p.109)
Plants minute, shoots < 0.5 mm wide; rhizoids originate
fromthe stem............................. Cololejeunea (p.108)
Ventral lobe narrowly lingulate, twice as long as wide;
gemmae when present angulate............... Diplophyllum (p.94)
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Ventral lobe orbicular to widely lingulate, less than twice as
long as wide; gemmae when present ovoid to ellipsoidal.........
............................................................................................. Scapania (p.95)

Group 6 Leaves conduplicate, underleaves present

1

Ventral lobe with spinosely toothed margin..............................
.......................................................................... Porella arboris-vitae (1)
Ventral lobe with entire margin................cooiiiinnn, 2
Lobule parallel or nearly parallel to stem, almost free from
stem; keel very short; shoots mostly large, 2.5-5 mm; cells
with few or numerous oil bodies....................cooooi 3
Lobule parallel to ventral leaf margin; keel long; shoots 0.9-
1.3 mm wide; cells with numerous small oil bodies..................
.............................................................................. Lejeunea cavifolia (w)
Ventral lobe mostly sac-shaped or helmet-shaped (but
evolute in Frullania cleistostoma); ocelli (cells with one large
oil body) present in dorsal lobe or not, cells with few oil

DOdIES. ..o Frullania (p.106)
- Ventral lobe plane or convex; ocelli absent, cells with

numerous (15-40) oil bodies....................... Porella (p.108)
Group 7 Leaves bilobed, transversely or subtransversely
inserted
1 Underleaves PreSent. ... 2
- Underleaves absent or very small ... 3
2 Plants filiform or very small, leaves to 0.3 mm long.............

.................................................................................. Cephaloziella (p.87)
Plants not filiform, small to large, leaves to 1.5 mm long...........
..... Barbilophozia group (incl. Neoorthocaulis floerkei) (p.85)
Leaves appressed; branches julaceous or dorsiventrally
compressed, often clavate.............. Marsupella (p.100)
Leaves not appressed; branches not as above............... 4
Leaves asymmetrical, with ventral margin widely incurved
and saccate..............iiiiii Nowellia curvifolia (w)
Leaves not or only slightly asymmetrical; ventral margin not
SACCALE. ... 5
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Plants filiform, very small; usually ventrally branched...............
................................................................................... Cephaloziella (p.87)
Plants not filiform, small to medium-sized; laterally
branched. ... 6
Leaves channelled or strongly concave........................ 7
Leaves not channelled, + concave.................ccccooooonionn, 10
Usually with reddish gemmae at margins of upper leaves....8
Gemmae lacking ... Marsupella (p.100)
Minute species, plants only 2-10 (12) mm long and 0.2 mm
wide; lateral leaves slighty concave, * transversely inserted,
2-lobed to 1/3-1/2, sometimes 3-lobed, lobes lanceolate,
acute; cell walls uniformly thickened or trigones
occasionally present; underleaves absent or sparse, minute,
subulate; perianths rare; on rotting wood and bark; stolons

.Crossocalyx hellerianus (Anastrophyllum hellerianum) (rr)
Larger species; if shoots only 2-6 mm long, then plants
wider than 0.2 mm or lateral leaves lobed to 2/3-3/4;
(compare Lophozia ascendens on rotting wood)................... 9
Lateral leaves conduplicate-concave (boat-shaped), nearly
transversely inserted, 0.3-0.7 mm long; shoots 0.7-1.5 mm
wide, leaves with regular pectinate arrangement; walls of
leaf cells almost equally thickened, trigones very small or
absent; mid-leaf cells (12) 14-18 (20) um wide, arranged in
* concentric circles near lobe apex; gemmae angulate, 2-

AAAAAAAAAAAAA Sphenolobus minutus (Anastrophyllum minutum) (rr)
Lateral leaves as long as wide, transversely inserted on
antical side of stem, obliquely on postical side, (0.5) 0.7-1.8
mm long, 2-lobed to 1/3, lobes acute, equal, slightly
squarrose; plants 2.5 cm long and 1-2 mm wide; walls of
leaf cells thick, trigones small to large, not bulging; shoots
brownish gree