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Summary
An overview is given of the results of higher level cladistic studies of pleurocarpous mosses, and the implications of these for the classification of severel larger families represented in
Europe. Starting with the more ancestral taxa, the traditional Isobryales forms a basal grade,
followed by another grade including taxa with capsules of Brachythecium-shape. The latter
grade includes taxa such as the Brachytheciaceae, Ctenidiaceae, and Hylocomiaceae, as well as
the subfamily Heterocladioideae of the Thuidiaceae. The Amblystegiaceae, Rhytidiaceae, the
temperate members of the Hypnaceae, and the Thuidiceae (excl. the Heterocladioideae) form
a monophyletic group, with the Plagiotheciaecae as their sister group. The few European
members of the Callicostaceae, Hokeriaceae, Leucomiaceae, and Sematophyllaceae belong to
another monophyletic group with mainly tropical and subtropical members. The tropical
members of the traditionally heterogeneous Hypnaceae are not closely related to the temperate members found in Europe.
Zusammenfassung
Die Arbeit stellt die Ergebnisse einer Stammbaumanalyse der Großgruppen pleurokarper
Moose und ihre Auswirkungen auf die Einteilung einiger größerer in Europa vertretener Familien dar. Wenn man mit den ursprünglichen Gruppen beginnt, stehen die Isobryales im herkömmlichen Sinn an der Basis, darauf folgen als weitere Verwandschaftsgruppe die Vertreter
mit Brachythecium-artig gebauten Kapseln. Letztere umfaßt Gruppen wie die Brachytheciaceae, Ctenidiaceae und Hylocomiaceae sowie die Unterfamilie Heterocladioideae der Thuidiaceae. Die Amblystegiaceae, die Rhytidiaceae, die Vertreter der Hypnaceae in den gemäßigten Breiten und die Thuidiaceae (ausschließlich der Heterocladioideae) bilden eine monophyletische Gruppe, mit den Plagiotheciaceae als Schwestergruppe. Die wenigen europäischen
Vertreter der Callicostaceae, der Hookeriaceae, der Leucomiaceae und der Sematophyllaceae
gehören zu einer anderen monophyletischen Einheit, die hauptsächlich tropische und subtropische Vertreter aufweist. Die tropischen Vertreter der in der herkömmlichen Fassung heterogenen Hypnaceae sind nicht näher mit den Vertretern aus den gemäßigten Breiten, die in
Europa zu finden sind, verwandt.
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1. Introduction
The classification of pleurocarpous mosses into families and orders that we find in
our current European floras (e.g., FRAHM 1995, FRAHM & FREY 1987, NYHOLM
1960, 1975, SMITH 1978) is very much based on the ideas of FLEISCHER (1900–1922)
and BROTHERUS (1924, 1925). An attempt at refining the classification of pleurocarpous mosses was made by BUCK & VITT (1986), but their ideas basically agree also
with those of FLEISCHER (1900–1922) and BROTHERUS (1924, 1925), as far as the
larger patterns are concerned. The since long established family classification of
pleurocarpous mosses has serious weaknesses which has been revealed in numerous
papers dealing with different genera and families of pleurocarpous mosses. Studies
of relevance to the European flora include those of BUCK (1980, 1988), BUCK &
CRUM (1990), BUCK & IRELAND (1985), CROSBY (1974), CRUM (1991), ENROTH
(1994), HEDENÄS (1987a, b, 1989, 1997a), MILLER (1971), NISHIMURA et alii (1984),
Robinson (1986), ROHRER (1985a, b), and WHITTEMORE & ALLEN (1989).
In a series of cladistic studies, the higher level taxonomic relationships among the
pleurocarpous mosses were evaluated by the present author (HEDENÄS 1994, 1995,
1997b, c, 1998a). These studies, as well as those of HEDENÄS (1987a, 1989), suggest
that the classification of the pleurocarpous moss families need to be changed in several important respects, and that their diagnoses need to be amended. The present
paper is an attempt to summarise the taxonomic consequences of the results of these
phylogenetic studies, as well as of other new data, for the classification of the European pleurocarpous mosses.

2. Characters and criteria for classification
Whatever method taxonomists use in inferring relationships and in classifying organisms they are ultimately depending on the interpretation of characters. The characters and their states are basically influenced by three factors (HARVEY & PAGEL,
1991), the phylogenetic history of a taxon, developmental factors (e.g., pleiotropy,
developmental constraints), and environmental factors. Many character states are at
present selectively neutral or their potential negative sides are outweighed by positive sides. These kinds of states may have been more positive in relation to the habitats of more ancestral taxa (e.g., HARVEY & PAGEL 1991, WANNTORP 1983). The
phylogenetic history of species has been suggested to be of overwhelming importance for many character states (e.g., HEDDERSON & LONGTON 1996, HEDENÄS &
KOOIJMAN 1996, PROCTOR 1984, THIERS 1988, WANNTORP 1983). However, character states where current environmental factors seem to be of more direct importance
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also exist, and there is clear evidence for the occurrence of important adaptations in
response to current habitats. In pleurocarpous mosses the most important complex
of characters showing this kind of adaptations is probably found in the sporophyte
(e.g., BUCK 1991, CRUM 1972, GROUT 1908, HEDENÄS 1998b, PROCTOR 1984, SHAW
& ROBINSON 1984, VITT 1981).
To separate different factors that influence character states is often difficult, but
since our characters interpretation affects our interpretations of relationships this
must be considered seriously. All character states where we can infer homology with
other states should be included in a study. On the other hand, when we have strong
evidence hat a large proportion of the similarities seen are analogous responses to
certain environmental factors, as in numerous characters of specialised pleurocarp
sporophytes (HEDENÄS 1998b), an uncritical use of such characters may lead to erroneous conclusions. Although overall patterns of character variation often reveals
which states are truly homologous and which are not in a cladistic analysis (e.g.,
FOREY et alii 1992), when numerous characters evolve similar states in response to
certain habitat factors this may lead to artificial groupings of taxa. An alternative
may then be to exclude character state complexes with poorly understood homology relations until further research reveals which similarities are analogous (cf.
HEDENÄS 1998b).
The system of FLEISCHER (1900–1922) and BROTHERUS (1924, 1925) were based
on relatively few “key characters”, such as the appearance of the vegetative leaf
coasta, the shape of the median lamina cells, the presence or absence of leaf cell papillae and paraphyllia, and whether the shoots are flattened or not. Although they
emphasised differences between unspecialised and specialised peristomes, they did
not consider differences among unspecialised ones. The grouping criteria were usually overall similarity between species included in higher taxa, and the difference
between apomorphous (derived) and plesiomorphous (ancestral) states were not
considered. Frequently, more strongly derived taxa were placed in separate higher
taxa with only a few species (e.g., Myurella in Theliaceae) to underline differences
towards other species.
When analysing phylogenetic relationships with cladistic or phylogenetic methods, only synapomorphies (shared derived character states) within the studied
monophyletic group are used as grouping criteria, while symplesiomorphies (shared
ancestral states) are excluded since they do not provide any information regarding
relationships within a group. As an example, the homogeneous leaf costa is a synapomorphy joining most pleurocarps. On the other hand, the plesiomorphic state of
this character, a costa with differentiated stereids and guide cells, found in some basal pleurocarps is not joining these taxa with each other in a monophyletic group or
suggesting that they belong to a monophyletic group together with the majority of
the diplolepidous acrocarpous mosses with alternate peristomes which have the
same state. However, symplesiomorphies may be informative at another taxonomic
level and no characters can a priori be regarded as generally useless for phylogenetic
inferences.
The most common way of polarising characters, that is, to establish which character states are plesiomorphous and which are apomorphous, is the outgroup method. To obtain credible results it is then important to find a suitable outgroup, and
preferably the sister group, the group or taxon that is most closely related to the
monophyletic group of interest, should be used. When it is difficult to know which
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is the sister group, and this is not a rare situation, it is common to chose several different outgroups that are considered likely to be relatively closely related to the
study group. These outgroups can then be used both separately and jointly in the
analyses. With the outgroup method the character states in the outgroup are considered plesiomorphous, and other states that are encountered in the ingroup are considered apomorphous.
A basic idea behind cladistic methods is that the simplest explanation for the occurrence of a derived character state in two (or more) taxa is that the state evolved
once in their joint ancestor. To assume that the apomorphy evolved independently in
the two taxa having them requires one additional evolutionary event than to assume
that it evolved only once. According to the parsimony criterion we should settle for
the evolutionary hypothesis requiring the smallest number of events to explain a certain pattern of character states within a group. If we prefer other explanations than
the simplest, we must be able to explain the extra evolutionary events needed in a
credible way, that is to add auxiliary ad hoc hypotheses. Such hypotheses are needed
only to explain why the simplest explanation should not be accepted and are needed
for each such case.
Thus, cladistic methods attempt to find the simplest possible solutions to the
problem of which taxa are related to each other, or in other words they attempt to
find the evolutionary tree having the smallest number of steps or character state
transitions for a specific set of taxa and characters. In reality, the states of some characters are usually in conflict with each other, mainly because of the occurrence of
analogous similarities (homoplasies) that were not detected prior to the analyses, or
because the apomorphous states of some characters have reverted to the plesiomorphous ones. However, even if many characters are homoplastic and the same states
appear in several groups in the phylogenetic trees, which is especially often the case
when larger groups are studied, they should be included since these states may still
be useful in group characterisations (cf. BREMER & STRUWE 1992). What is important
to remember is that the patterns of relationships found, when they are based on all
available information and analysed cladistically with computer programs such as
HENNIG86 or PAUP, are normally better founded than when our easily biased
brains try to sort the enormous amounts of information involved. More information
about cladistic methodology can be found in, e.g., FOREY et alii (1992) or MISHLER
(1986). Because HENNIG86 or PAUP put limits regarding the number of taxa possible to include in a single analysis, one often has to approach larger groups stepwise.
Thus, first the entire pleurocarpous moss group was analysed to find the major lineages, and then selected monophyletic groups identified in the first analysis were analysed in more detail.

3. Earlier classifications of some larger European pleurocarp families
BROTHERUS (1924, 1925) classified the pleurocarpous mosses into four orders
(Tab. 1), of which the Eubryales also included acrocarpous taxa. Eubryales are not
represented among the European pleurocarps and the Orthotrichineae belong to
taxa that are basal to the main group of pleurocarps treated here (cf. HEDENÄS 1994),
and will not be discusses further here. The mainly tropical and subtropical “Hookeriales” and Sematophyllaceae have only a few representatives in Europe and will on-
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The ordinal and subordinal classification of pleurocarpous mosses by BROTHERUS
(1924, 1925). Only families that include native European species with the circumscription of BROTHERUS are mentioned in the table.

Eubryales

Isobryales

Hypnobryales

Hookeriales

(only
Extraeuropean
pleurocarps)

O rthotrichineae
Orthotrichaceae
Ptychomitriaceae

Leskeineae
Amblystegiaceae
Brachytheciaceae
Fabroniaceae
Leskeaceae
Theliaceae
Thuidiaceae

Hookeriineae
Hookeriaceae

Fontinalineae
Climaciaceae
Fontinalaceae
Leucodontineae
Cryphaeaceae
Hedwigiaceae
Leucodontaceae
Meteoriaceae
Myuriaceae
Neckerineae
Neckeraceae
Lembophyllaceae

Hypnineae
Entodontaceae
Hylocomiaceae
Hypnaceae
Plagiotheciaceae
Rhytidiaceae
(incl. Rhytidiadelphus
and Loeskeobryum)
Sematophyllaceae

ly be mentioned when this is of relevance for other taxa. The main differences
between BROTHERUS’ (1925) Isobryales and Hypnobryales are found in the branching pattern, with a stronger tendency for dendroid or subdendroid plants in the Isobryales than in the Hypnobryales, and a more frequent occurrence of specialised
sporophytes in the first than in the second order. Within Hypnobryales, BROTHERUS (1925) placed taxa which species have usually got single, long costae in the suborder Leskeineae, whereas those having double and usually short costae were mostly
placed in the Hypninae. Thus, a few key characters related to the leaf costa were given a very strong weight in BROTHERUS’ classification of pleurocarpous mosses. His
placement of other families of relevance to the following is also indicated in table 1.
BROTHERUS’ four orders were recognised also by BUCK & VITT (1986; Fig. 1), their
Bryales and Leucodontales corresponding to BROTHERUS’ Eubryales and Isobryales, respectively. BUCK’s and VITT’s circumscriptions of the orders and subordinal taxa deviate somewhat from those of BROTHERUS (1924, 1925), for example in
stressing differences between unspecialised and specialised peristomes more strongly at the ordinal level. For example, BUCK & VITT (1986) placed the Thamnobryaceae and Thuidiaceae in the Hypnales, and the Neckeraceae and Anomodontaceae in
the Leucodontales (Isobryales). On the other hand, taxa with long, single costae and
those with short, double ones were still basically kept in different groups within the
Hypnales.
The since long established major groups in current classifications of European
Hypnalean pleurocarps (e.g., AUGIER 1966, FRAHM 1995, FRAHM & FREY 1987, JENSEN 1939, NYHOLM 1960, 1965, SMITH 1978) depend to a high degree on the key
characters of the leaf costa just mentioned. The reason why this classification has become so firmly stablished is probably that these costal characters are easily visible
and present in the most frequently available generation, the gametophyte. However,
at the same time it is obvious that this classification is based on a tiny portion of all

Simplified summary of the phylogenetic relationships among the pleurocarpous mosses suggested by
BUCK & VITT (1986), with families of interest to the present paper indicated. The extents of the traditional
pleurocarp orders are indicated by grey and white portions of the transverse bar.
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information potentially available in other characters. A partial exception is LIMPRICHT (1890–1895, 1895–1904), who classified the Amblystegiaceae together with
the Plagiotheciaceae and Hypnaceae (including Ctenidiaceae and Hylocomiaceae) in
his group Hypneae, separate from the Brachytheciae. If we look at some pleurocarp
families having many members in Europe it is clear that the Hypnaceae has since
long had the function of a catch-all family where species and genera of uncertain affinities were placed. This has caused an unclear circumscription of the Hypnaceae,
and there has since long been a strong need to clear up its delimitations towards other families as well as the internal relationships. Two families of which the relationship to the Hypnaceae have caused much trouble are the Amblystegiaceae and the
Plagiotheciaceae. Examples of different treatments of these two families are given in
HEDENÄS (1998a: Tab. 3; Amblystegiaceae and temperate members of Hypnaceae)
and in table 2 (Plagiotheciaceae). Roughly, members of the Amblystegiaceae have
usually unicostate leaves and grow in moist or wet habitats, whereas the Plagiotheciaceae should include more or less complanate-foliate species with short double
costae. However, some members of the Amblystegiaceae have also short, double
costae like most taxa traditionally placed in the Hypnaceae, which makes the family
circumscriptions obscure in many cases. The families Ctenidiaceae (incl. Hyocomium) and Hylocomiaceae are also often associated with the Hypnaceae, or they are
frequently even included in the latter (NYHOLM 1965, NISHIMURA et alii 1984, SMITH
1978), and again the main similarity is found in the double costa.
Regarding the Hypnalean families which have members with mostly single costae,
the delimitations between the Amblystegiaceae, Brachytheciaceae, and Thuidiaceae
have sometimes caused trouble. The Brachytheciaceae are sometimes considered indistinctly delimited from the Ambylstegiaceae, and sometimes the main difference
between them has been thought to be the wetness of the habitat where their species
grow. Regarding the Thuidiaceae, there have been problems mainly with the delimitation towards the Leskeaceae (BUCK & CRUM 1990) and some members of the Amblystegiaceae, such as Palustriella (BUCK & CRUM 1990, OCHYRA 1989). Examples of
different treatments of the European members of the Thuidiaceae are given in table 3.
Tab. 2.

BROTHERUS’ (1925), BUCK’s & IRELAND’s (1985), NYHOLM’s (1960, 1965), and
SMITH’s (1978) placements of the European genera that were included in the Plagiotheciaceae by HEDENÄS (1987a, 1989, 1995) and PEDERSEN (unpublished data).

BROTHERUS

BUCK & IRELAND

NYHOLM, SMITH

HEDENÄS, PEDERSEN

Plagiotheciaceae
Plagiothecium
Amblystegiaceae
Platydictya
Entodontaceae
Orthothecium
Hypnaceae
Herzogiella
Isopterygiopsis
Isopterygium
Pseudotaxiphyllum
Taxiphyllum
Theliaceae
Myurella

Plagiotheciaceae
Plagiothecium
Hypnaceae
Herzogiella
Isopterygium
Taxiphyllum

Plagiotheciaceae
Herzogiella
Isopterygiopsis
Plagiothecium
Pseudotaxiphyllum
Taxiphyllum
Amblystegiaceae
Platydictya
Entodontaceae
Orthothecium
Theliaceae
Myurella

Plagiotheciaceae
Herzogiella
Isopterygiopsis
Myurella
Orthothecium
Plagiothecium
Platydictya
Pseudotaxiphyllum
Position unclear
Isopterygium
Taxiphyllum
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BROTHERUS’ (1925), NYHOLM’s (1960), and SMITH’s (1978) placements of the European genera that were included in the Thuidiaceae or Heterocladioideae by HEDENÄS (1995, 1998).

BROTHERUS

NYHOLM

SMITH

HEDENÄS

Thuidiaceae
Heterocladioideae
Heterocladium
Anomodontoideae
AnomodonA)
Claopodium
Haplocladium
Euthuidioideae
Abietinella
Cyrto-hypnum
Thuidium
Helodioideae
Helodium

Thuidiaceae
Abietinella
Anomodon
Cyrto-hypnum
Haplocladium
Helodium
Heterocladium
Thuidium

Thuidiceae
Abietinella
Anomodon
Helodium
Heterocladium
Thuidium

Thuidiaceae
Abietinella
Anomodon
Cyrto-hypnum
Haplocladium
Helodium
Thuidium
HeterocladioideaeB)
Claopodium
Heterocladium

A)
B)

Including Haplohymenium.
Not in the Thuidiaceae (cf. Tab. 4, Fig. 2).

4. Relationships suggested by the results of higher level cladistic analyses
The phylogenetic analyses by HEDENÄS (1995, 1997b, c, 1998a) suggest that the
relationships between these families differ from the traditional ideas in many respects (Fig. 2, Tab. 4). First, the Isobryales does not form a monophyletic group (or
clade), but consists of several monophyletic subgroups that have reached a certain
level of development (a grade). The latter statement is here based solely on observations of the cladograms resulting from the phylogenetic analyses, and does not consider whether evolution is directional or not. Families such as the Leucodontaceae
and Neckeraceae evolved within this relatively basal pleurocarp grade. Above the
Isobryales grade follows another grade, consisting of taxa having spore capsules of
the kind found in Brachythecium. Naturally, the Brachytheciaceae belong here, but
also the Ctenidiaceae and Hylocomiaceae, which were earlier placed close to, or
within the Hypnaceae, and the Heterocladioideae (with Claopodium and HeteroclaTab. 4.

Suggested relationships between selected taxa that occur in Europe, based on the
cladistic analyses performed by HEDENÄS (1995, 1997a, b, 1998a). See also Fig. 2.

Isobryales
Grade

Brachtythecioid
Grade

Temperate
Clade

Tropical/Subtropical
Grade

Echinodiaceae
Brachytheciaceae
Amblystegiaceae
Fabroniaceae
(incl. Isothecium?)
Ctenidiaceae
Hypnaceae
Myuriaceae
Leucodontaceae (incl. Hyocomium) (temperate members)
Meteoriaceae
Heterocladioideae
Plagiotheciaceae
Neckeraceae
Hylocomiaceae
Rhytidiaceae
(only Rhytidium)
Thuidiaceae
(excl. Heterocladioideae)

Tropical
Clade
Callicostaceae
(Cyclodictyon)
Hookeriaceae
Leucomiaceae?
(Tetrastichium)
Sematophyllaceae

Fig. 2.

Simplified summary of the results of the cladistic studies by HEDENÄS (1995, 1997a, b, 1998a), with selected taxa of interest to the European pleurocarp flora indicated (cf. Tab. 4). The thick horizontal
lines above some terminal branches indicate clades or grades including the taxa mentioned above the
lines. The extents of the traditional pleurocarp orders are indicated by grey and white portions of the
transverse bar.
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Single and long,
or short and double
Red-brown

Mostly present and fol- Present and foliose
iose
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At or just below leaf
insertions, in the
Hylocomiaceae
axillary near branch
apices
Mostly present and fol- Frequently filiform or
lacking
iose

Smooth or often
granular-papillose
Often axillary or some
distance up on abaxial
costa, sometimes
near leaf apex

Smooth or wartypapillose
At or just below
leaf insertions

Mostly poorly
differentiated

Rhizoid colour
(young)
Rhizoid ornamentation Smooth or
warty-papillose
(young)
At or just below leaf
Rhizoid insertion
insertions, in the
Leucodontaceae
frequently also
on lower back of costa
Mostly present and folPseudoparaphyllia
iose

Leaf costa

Alar cells

Smooth or sometimes
warty-papillose
Just below leaf insertions, rarely scattered
on stem and on
leaves*)

Differentiated, usually
Differentiated,
numerous,
usually numerous,
strongly inflated or not not inflated,
extending far up
along leaf margin
Mostly single and long
Single and long,
or double and short
Red-brown
Red-brown

Easily detached
Narrow
Usually irregular

Firmly attached
Wide
Irregular to 2–3-pinnate
Usually differentiated,
mostly oblate to
shortly rectangular,
few or numerous,
rarely inflated
Single and long,
or double and short
Red-brown

Firmly attached
Wide
Irregular to 2–3-pinnate
Differentiated or not,
not inflated

Smooth

Firmly attached
Wide
Pinnate to 2–4-pinnate

Firmly attached
Wide
Irregular to pinnate

No

Occasionally

Frequently

Mostly double and
short
Often purplish

Occasionally

No

Plagiotheciaceae

Branching dendroid/
subdendroid?
Branch attachment
Branching angle
Branching pattern

Thuidiaceae

Amblystegiaceae
Temperate Hypnaceae,
Rhytidiaceae

Brachytheciaceae,
Ctenidiaceae,
Heterocladioideae,
Hylocomiaceae

Isobryales

Taxa

The character states that are most frequent within some important pleurocarp clades or grades that are well represented in Europe (cf.
Fig. 2). States of sporophyte characters refer to the condition in species with ± “horizontal” capsules and unspecialised peristomes. In “erect” capsules with specialised peristomes the character states are partly very different from those given, and in addition many similarities
occur between taxa having specialised sporophytes in all five groups.

Characters

Tab. 5.
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Mostly plicate
Smooth or rough
Cylindrical, curved
Long-pored
Yellow-brown or
brownish yellow
Widened or not
Normal
Narrow
Summer half-year

Mostly plicate
Smooth
Cylindrical, curved
Mostly long-pored
Yellow-brown or
brownish yellow
Widened
Normal
Narrow
Summer half-year

Erect and small,
sometimes suddenly
narrowed to
± recurved acumen
Not plicate
Smooth
Cylindrical, curved
Long-pored
Pale whitish yellow
Not widened
Narrow
Narrow
Summer half-year

Smooth or rough
Of Brachythecium
kind
Round-pored
Mostly red,
red-brown,
or orange-brown
Not widened
Normal
Wide
Winter half-year

Normal

Wide or narrow

Winter half-year

*) The latter only in the Calliergon-Scorpidium-Drepanocladus complex.

Not widened

Exostome border at
zone of transition in
OPL pattern
Endostome process
width
Endostome process
perforation
Spore maturation time

Smooth or rough
Cylindrical, straight

Round-pored
Yellow-brown
or brownish yellow

Not plicate

Not plicate

Inner perichaetial
leaf plication
Seta ornamentation
Capsule shape

Stomatal pores
Exostome colour

From erect basal
portion
usually ± spreading

From erect basal
portion
usually ± spreading

Inner perichaetial
leaf orientation

Straight and erect

Frequent, often also on
lower stem leaf margin
or on back of lower
costa, uniseriate or
in basal part 2–3-(4)seriate, frequently
branched, cells frequently papillose or
prorate, usually transversely rectangular to
shortly rectangular
Straigth and erect

Sometimes present,
inserted in obliquely
transverse rows,
lanceolate to ovate or
linear, cells usually
smooth, linear, with
tapering ends

Sometimes present, dif- Absent
fusely inserted or in
longitudinal rows, cells
elongate-rectangular
to linear

Sometimes present
varying in shape

Paraphyllia

hedenäs, relationships among pleurocarpous mosses
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dium), usually treated as a subfamily of the Thuidiaceae, evolved within this grade.
In the more terminal parts of the pleurocarp cladogram, taxa of temperate regions,
that in addition may occur at higher altitudes in tropical and subtropical areas, and
taxa that are basically tropical or subtropical (lowland) are found in different clades
or grades. In the clade with taxa from temperate areas we find the temperate members of the Hypnaceae, including the European species of this family, the Amblystegiaceae, the Rhytidiaceae, and the Thuidiaceae (except the Heterocladioideae) in the
terminal clade, with the Plagiotheciaceae as its sister group. In the clade with tropical and subtropical taxa we find the few European members of the Callicostaceae,
Hookeriaceae, Leucomiaceae, and Sematophyllaceae. Within a phylogenetic context, the “Hookeriales” cannot be recognised, unless many families, such as the Sematophyllaceae, are also recognised as orders. Likewise, the Bryales, Hypnales and
Isobryales cannot be recognised as taxa in their traditional sense because they are
paraphyletic (not including all descendants of their ancestor). Tropical members of
the Hypnaceae, as well as many small families, for example the Fabroniaceae and
Myuriaceae, are found in a grade at the basal regions of these two clades. It is noteworthy that most, perhaps all members of Myurium in the sense of MASCHKE (1976)
are not related to M. hochstetteri (Schimp.) Kindb., but belong to other families,
such as the Sematophyllaceae.
In the clade with the temperate members of the Hypnaceae, the Amblystegiaceae,
most of the Thuidiaceae, and the Rhytidiaceae, only the Thuidiaceae form a monophyletic group, whereas the other families cannot be separated from each other
based on morphological and anatomical characters (HEDENÄS 1998a). The Thuidiceae have its root somewhere among the Amblystegiaceae-temperate Hypnaceae.
The taxonomic consequences of these results, if later supported by, for example, molecular studies would be that at least the Amblystegiaceae and Rhytidiaceae should
be merged in the Hypnaceae. Whether the Thuidiaceae should be regarded a specialised ingroup in the Hypnaceae or be recognised as a seperate own family is also depending on the results of further studies. Since the name “Hypnaceae” is bound to
the basically temperate genus Hypnum, the temperate part of the family will keep
this name. Most members of the present Hypnaceae from tropical and subtropical
areas are thus not closely related to the temperate taxa. From this follows that the
tropical taxa need to be completely re-evaluated, and that they should be excluded
from the Hypnaceae. The Plagiotheciaceae will remain as a well circumscribed family, including a number of genera that were traditionally placed in several other families (Tab. 2).

5. Characters of importance in circumscribing the different groups
While earlier ideas suggested that relatively few characters were important for
understanding and circumscribing higher level pleurocarpous taxa, the phylogenetic
analyses suggest that numberous characters must be involved. The states of these
characters are indicated in table 5. Although a few characters, such as leaf costa
length and paraphyllia have frequently been used earlier in higher level classifications, many of them have newly turned out to be of importance for the circumscription of the taxa. The Plagiotheciaceae is a good example of a family where earlier ideas have proved to be misleading. Flattened shoots have turned out to be of very lim-
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ited value in circumscribing this family, whereas characters related to rhizoids and
exostome colour are most valuable (cf. HEDENÄS 1987a, 1989, 1995).
From table 5 it can be seen that for many characters one state is most frequent but
still not universally occurring within a certain group, or the characters are homoplastic. This can be assumed to be due to parallel evolution of similar states that at
present are inseparable by their appearance, but which is revealed in the cladistic
analyses. This may seem slightly confusing at first, but since the phylogenetic analyses are based on all available characters this is still the best hypothesis regarding the
relationships of the different groups that we can obtain. It also clarifies which characters and groups of taxa we need to study more thoroughly to be able to separate
truly homologous from analogous structures. As was already mentioned, it should
also be remembered that the states of these characters are still useful in the overall
characterisation of the different groups (cf. BREMER & STRUWE 1992).
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