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ABSTRACT
Dicranum is a large (ca. 90 species) and taxonomically complex moss genus. Circumscriptions 

and relationships of many Dicranum species remain ambiguous due to the absence of a worldwide 

revision and comprehensive phylogenetic analyses. In this study, we address species circumscriptions 

and relationships of presumed close allies within Dicranum sect. Dicranum. Molecular phylogenetic 

D. bonjeanii, D. howellii, D. nipponense, D. japonicum, D. cf. lorifolium, and D. scoparium, which can 

be regarded as the D. scoparium species complex. In contrast, D. majus and D. polysetum, as well 

as D. fuscescens and D. spadiceum (former varieties of D. scoparium), are separated from the 

complex. Molecular data are generally congruent with the morphological species concept, but 

the circumscriptions of D. bonjeanii, D. japonicum, D. cf. lorifolium, and D. scoparium need further 

study. Most analysed D. scoparium specimens from across its Holarctic distribution are contained in 

one clade (D. scoparium S.S.), but a number of North American specimens are resolved as closely 

related to D. japonicum and D. cf. lorifolium. Costa cross sections and characters of the leaf apex 

(shape, serrulation of margins) are most relevant for identifying the studied Dicranum species 

morphologically.

INTRODUCTION
In bryophytes, polyphyly of (morpho)species may be the rule rather than the exception, 

due to a limited number of available morphological characters, the focus on a few key characters 

distribution of morphological variation has furthermore led to the description of high numbers 

In 

fact, incongruence between morphological species circumscriptions and molecular phylogenetic 

What’s in a Name? Disentangling the Dicranum scoparium 

species complex (Dicranaceae, Bryophyta)

 



C
h
a
p
te

r
 2

reconstructions is increasingly being reported (for review see Heinrichs et al

in recently diverged species (cf. 

 as well as cryptic speciation (e.g. Bickford et al
been well studied. Consequently, further comparative analyses of molecular versus morphological 

characters are necessary to better understand species circumscriptions in bryophytes. 

Dicranum is a genus of haplolepideous mosses (Dicranidae) with a predominantly Northern 

originally described in Dicranum (van der Wijk et al.

However, with more than 90 currently accepted species, Dicranum (including Orthodicranum) is still 

one of the largest and taxonomically most complex genera of Dicranaceae and the Dicranidae in 

Dicranum as long as neither a worldwide revision nor comprehensive 

molecular phylogenetic analyses are available. 

Dicranum

Dicranum

the species level. Gametophytic characters, such as serrulation of leaf margins, number of costal 

ridges, shape of upper laminal cells, and leaf length and shape, vary considerably depending 

of section Dicranum

(including the Holarctic D. scoparium Hedw., D. bonjeanii De Not. and D. majus
more narrowly distributed species such as D. lorifolium Mitt., D. japonicum Mitt. and D. nipponense 

Besch. in Asia, and D. howellii Renauld & Cardot in North America), may form a complex of 

D. 
scoparium

In this paper, we address species circumscriptions and relationships of D. scoparium and 

six presumed close allies (D. bonjeanii, D. howellii, D. japonicum, D. cf. lorifolium, D. majus, and 

D. nipponense), which together may form a species complex. Inferences are based on molecular 

phylogenetic reconstructions using chloroplast (rpoB, trnH psbA, trnL-trnF, rps4 trnT, rps19 rpl2) 

gametophytic characters (e.g. number of costal ridges, serrulation of leaf margins) for species 
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MATERIALS AND METHODS
Sampling— A total of 111 Dicranum

et al

Dicranum

D. scoparium, 

Dicranum D. bonjeanii,  D. howellii, six D. japonicum  D. 
cf. lorifolium, seven D. majus, two D. nipponense, and one D. polysetum), and eight of species of 

other sections of Dicranum (one D. fragilifolium, two D. fuscescens, one D. montanum, and four D. 
spadiceum D. fuscescens (sect. Fuscescentiformia) and D. spadiceum (sect. 

Muehlenbeckia
varieties of D. scoparium. Dicranum fragilifolium (sect. Elongata) and D. montanum (sect. Montana) 

were included for comparison as representatives of species that have never been associated 

with sect. Dicranum D. scoparium

D. 
scoparium

Holomitrium, one H. crispulum Mart. and three H. 
arboreum
of Holomitrium and Dicranum et al.
et al

Molecular Marker Selection—
rpoB gene, trnH

GUG
psbA and rps rpl

of the trn rps trn
UGU

 spacer and trn trn
UAA

 intron and trn
UAA

trn
GAA

 

for rpoB and rps rpl

Dicranum scoparium

Dicranum et al. et 
al

et al
et al. et al et al.

Physcomitrella patens 
et al et al. 1990) 

and compared our sequences with chloroplast and mitochondrial rps rpl
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other land plants in GenBank, to assure that only orthologous copies from the chloroplast genome 

were used. 

from fresh or herbarium collections were carefully cleaned in demineralised water. DNA was 

µl) Biotaq polymerase (Gentaur, Brussels, Belgium) and 1 µl DNA. 

accession numbers of all sequences are listed in Appendix 1.

associated inversions in the trnH-psbA and trnL-F

et al.

Phylogenetic inferences were based on maximum parsimony (MP), maximum likelihood 

 
markers (rps4 trnT, trnL trnF, trnH psbA, rps19 rpl2 rpoB

et al
performed with 100 replicates. 

Heuristic searches under parsimony were performed in PAUP* using simple sequence addition 

performed with 10,000 replicates using the fast bootstrap option. Maximum likelihood analyses 

were run on the Bioportal server (www.bioportal.uio.no). Bayesian posterior probabilities were 

 generations for chloroplast and combined data and 11 × 
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FIG. 1.
Dicranum species and four specimens of Holomitrium 
values (maximum parsimony bootstrap, maximum likelihood bootstrap, Bayesian posterior probabilities) are indicated at the branches. 
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majority rule consensus trees and posterior probabilities of clades were calculated by combining 

RESULTS

nt including Holomitrium
rps4 trnT  trnL trnF  

trnH psbA. No length variation was observed in rps19 rpl2
rpoB
Holomitrium (rps4 trnT trnL trnF trnH psbA rps19 rpl2 

rpoB

rps4 trnT
trnL trnF trnH psbA rps19 rpl2 rpoB

indel characters (including Holomitrium), of which four corresponding to an inversion in trnH-psbA 

rps4-trnT 

1, trnL-trnF trnH-psbA
Maximum parsimony analyses with or without indels included resulted in differently resolved 

most parsimonious phylogenetic reconstructions, but did not show incongruence with respect to 

 
indicating only a slight increase in homoplasy due to the inclusion of the indel characters in either 

case.

p 
were congruent, combined analyses of all markers were performed as well, of which the optimal 

was similar to the analyses with indels and therefore not indicated on the trees.

species of sect. Dicranum (D. bonjeanii, D. howellii, D. japonicum, D. cf. lorifolium, D. nipponense, and 

D. scoparium
Dicranum majus and D. polysetum were resolved 

outside this clade. Relationships between them and the other included Dicranum species remained 

largely unsupported. All species with more than one accession sequenced were resolved as 

monophyletic, except D. scoparium D. bonjeanii
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FIG. 2. 
data of Dicranum species and four specimens of Holomitrium as outgroup representatives, including indels coded by simple indel coding 
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1A, B), and D. japonicum D. nipponense and D. spadiceum 

D. howellii, D. cf. lorifolium, and 

D. majus
D. cf. lorifolium D. majus D. 

howellii, D. cf. lorifolium D. fuscescens 

Dicranum bonjeanii and D. japonicum
respectively, and resolved as monophyletic with moderate ( D. bonjeanii
no support (D. japonicum
D. scoparium

D. scoparium
a clade together with D. japonicum and D. cf. lorifolium
combined trees), but relationships within this clade remained unresolved. 

DISCUSSION

phylogenetic analyses indicated low sequence divergence within a clade comprising species 

of Dicranum (including Orthodicranum) and the closely related genera Chorisodontium and 

Paraleucobryum
Dicranaceae such as Dicranoloma and Leucoloma et al et al. 

one or two markers, rendering inferences about the suitability of DNA sequence data to resolve 

species circumscriptions and relationships in Dicranum
Dicranum

related species each, but the overall resolution and support of the phylogenetic reconstruction 

remained low. In cases of little molecular variation and phylogenetic structure, the best strategy 

would probably be to combine the information of several suboptimal markers to collect a small 

et al. et al. 

between markers, or incomplete lineage sorting are taken into account (e.g. Holland et al.

clades at the species level in Dicranum .
sequenced (except possibly for D. scoparium, see discussion below) were resolved as monophyletic 

in the combined analysis, indicating that molecular lineages were generally congruent with the 

morphological species concept in Dicranum. However, the respective clades representing species 

were partly unsupported and their relationships remained largely unresolved. Probably an even 

Dicranum. 



19

C
h
a
p
te

r
 2

D. bonjeanii, D. 
howellii, D. nipponense, D. japonicum, D. cf. lorifolium, and D. scoparium, which can be regarded 

as the D. scoparium
subgenus) Dicranum Scopario-Dicranum

D. nipponense, which was placed into a new subgenus 

Nippono-Dicranum
D. nipponense 

was placed close to D. scoparium
molecular data. In contrast, other species of section Dicranum D. 
majus and D. polysetum, are separated from the D. scoparium complex based on the molecular 

D. scoparium but placed in other sections than sect. Dicranum in the more recent literature, i.e., 

D. fuscescens (sect. Fuscescentiformia) and D. spadiceum (sect. Muehlenbeckia
Dicranum species that are putatively closely 

related to D. scoparium (e.g. D. crassifolium D. leioneuron 
fall into the D. scoparium
morphological synapomorphies are known that delimit the D. scoparium complex from D. majus and 

other Dicranum species. 

Distinction of the species here comprised as 

the D. scoparium complex and D. majus
D. majus is typically characterized by large plants with 

D. scoparium, leaf margins serrate in distal 

half, strongly porose lamina cells, and in particular a costa with a double row of guide cells (single 

row in D. scoparium) and an irregularly furrowed abaxial surface instead of with four continuous 

longitudinal ridges. However, large plants of D. scoparium may resemble D. majus, whereas small 

plants of D. majus
of costa guide cells, are easily confused with D. scoparium

et al. D. majus led to the 

orthophyllum 
 

condensatum
et al D. majus a separate 

D. scoparium
support the species status of D. majus and its separation from D. scoparium. Morphologically, the 

presence of furrows on the costa and the double row of guide cells, or at least few double guide 

cells that are always present at the leaf base, can be regarded as diagnostic characters for D. 
majus et al.

et al.
Dicranum bonjeanii can usually be recognized by its transversely undulate upper leaf 

serrate to nearly entire, and a rather broad leaf acumen. However, leaf shape and undulation 
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rank of D. bonjeanii has often been questioned due to the presence of intergrading forms with D. 
scoparium D. bonjeanii is generally accepted as a separate species, 

North American bryologists preferred to consider it as one of the multiple forms of D. scoparium, 

Dicranum bonjeanii is mostly found in eutrophic 

fens, whereas D. scoparium s.str. is found on different substrates mainly in dry to mesic woodlands. 

Although the D. bonjeanii
the present molecular data indicate that D. bonjeanii
D. scoparium s.str., which supports the ecological differentiation and morphological differences of 

D. bonjeanii, in particular the narrow costa ending into a broad apex as well as the (usually two) 

remains to be tested, which seems to be complicated since most of the specimens collected under 

D. scoparium
D. howellii is characterized, when fertile, by 

in D. scoparium), whereas due to the plasticity of D. scoparium, the gametophytic characters of 

both species largely overlap. Besides, both D. howellii and D. scoparium occur on similar substrates 

D. howellii
variety of D. scoparium D. howellii can clearly 

be distinguished from D. scoparium
recognize D. howellii seems to be its narrow costa with two low ridges. 

 Asian D. nipponense resembles both D. japonicum
and D. bonjeanii
related Dicranum species by a combination of characters including unevenly foliate stems (lower 

that are broadest just above the base and keeled above with a broad and dentate point, and 

D. bonjeanii are the strongly dentate margins and the costa having usually two to three serrate 

D. nipponense

D. nipponense is well characterized. 

D. scoparium itself and its delimitation from D. japonicum and D. cf. 
lorifolium 

D. scoparium
D. scoparium

D. 
scoparium
on the total distribution and frequency of D. scoparium s. s. in the different continental areas.

D. scoparium 

D. scoparium s. s. clade in having generally 

costa has at least four strongly serrulate lamellae, the leaf margins are strongly serrulate, and the 



C
h
a
p
te

r
 2

any North American or Asian accession available on GenBank, including D. bardunovii

Asian species, D. japonicum and D. lorifolium
species and D. scoparium
a broader leaf base and a percurrent instead of excurrent costa (Gao & He 1999). In addition, 

D. japonicum and D. scoparium is found 

in their habitat preference, with the former growing on humus in shady habitats and the latter 

from each other are mainly based on the sporophyte, namely inclination of the capsule as well 

canaliculate (D. lorifolium) versus keeled (D. japonicum
D. 

japonicum D. 
japonicum D. cf. lorifolium as judged from the presence 

American specimens, in contrast, fall within the range of morphological variation of D. scoparium. 

D. japonicum and D. cf. lorifolium needs to be assessed 

based on further molecular and morphological analyses of a larger sampling of North American 

Because bryophytes have limited numbers of morphological characters, which are in addition 

polymorphic species such as Dicranum. Molecular phylogenetic analyses may allow species to be 

et al et al
in light of the molecular phylogenetic reconstructions to infer whether morphologically variable but 

et al
D. scoparium complex as well as D. majus, which allowed 

other hand, the molecular data raised questions concerning the circumscription of D. bonjeanii, 
D. japonicum, and D. lorifolium

how many taxa should be distinguished in the D. scoparium complex. Nevertheless, the present 

species in bryophytes.






