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ABSTRACT
DNA sequences are increasingly used for taxonomy, inferring phylogenetic relationships 

appeared recently, with the generalized mixed Yule coalescent (GMYC) method being the 

analyses of bryophytes are largely missing. Dicranum is a large genus of mosses whose (morpho-)

boundaries inferred from the molecular phylogenetic reconstructions and with the morphological 
species concept. Phylogenetic circumscriptions were congruent with the morphological concept 

species. Phylogenetic relationships between Dicranum species remained largely unsupported. 

further bryophyte data sets are necessary to infer whether incongruences might ensue from 

INTRODUCTION
 DNA sequence data are widely used for inferring species delimitations and phylogenetic 

Chapter 5

Dicranum (Dicranaceae, Bryophyta) inferred from nuclear 
and plastid DNA.
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Automated species delimitation methods 
are therefore considered especially useful in organisms with unclear species boundaries, due to 

et al et al

et al

(e.g. Parnmen et al. et al.

GMYC analyses of plant, and especially bryophyte, species are hence still largely missing.

distribution, the taxonomy of many bryophyte lineages is still ambiguous. Molecular data can 
facilitate the circumscription of species, especially in taxa with extreme morphological similarities 
(e.g. Dong et al. et al et al

Dicranum (Dicranaceae, 

Dicranum

studies (Cox et al et al. et al. Assessing 
species delimitations in Dicranum is thus challenging both at the morphological and molecular 

Our recent studies on the Dicranum scoparium and D. acutifolium species complexes (Lang 

et al. in press) as well as on boreal-arctic Dicranum et al. 

Dicranum on a broader 
geographic scale, Dicranum

D. septentrionale

et al. in press

trnHGUG-psbA, -trnTUGU and trnLUAA-trnFGAA intergenic spacers, 
-

bryophytes, the congruence of two automated species delineation approaches, the general 

species delimitations will furthermore be compared with morphologically recognized species. 

MATERIAL AND METHODS

Sampling— Dicranum

D. septentrionale: six Dicranum acutifolium 
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FIG. 1. Dicranum species inferred from the partitioned 
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, nine D. angustum D. bonjeanii De Not., D. brevifolium , 

three D. canariense Hampe ex Müll. Hal., D. crassifolium D. 

dispersum D. drummondii Müll. Hal., four D. elongatum , three 
Hedw., Brid., four D. fragilifolium ,six D. fuscescens , 

two D. groenlandicum Brid., D. laevidens , three D. leioneuron Kindb., eight D. 

majus , four D. montanum Hedw., four D. polysetum , D. scoparium Hedw., two D. 

scottianum , nine D. septentrionale, D. spadiceum , three D. 

spurium Hedw., four D. tauricum , four D. undulatum  and four D. viride 

et al.

et al

in press et a Holomitrium is sister to 
Dicranum et al et a H. crispulum Mart. and three 
H. arboreum

 
stems were selected for DNA extraction and cleaned manually with demineralised water under a 

Dicranum species in 
 et al. in press

chloroplast regions (partial  gene, trnHGUG-psbA, - , -trnTUGU and trnLUAA-trnFGAA 

 

trnH-psbA

et al.

indels were excluded. 

et al.

the plastid and nuclear tree topologies were congruent (p

( -trnT, trnL-trnF, trnH-psbA, - ), the coding chloroplast region  and the nuclear 
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of nucleotide substitution and +   rate heterogeneity for all partitions. Bootstrap analyses under 

et al.

 for the non-

et al

 generations), with the temperature of the single heated chain set to 

 
GMYC (Fontaneto et al. et al. et al. et 

al.

et al.

 partitions 
et al.

et al. et al.

singletons were estimated by running both single and multiple threshold optimisations and using 
et 

al et al.

requires an ultrametric tree nor a sequence similarity threshold as input data because speciation 

et al.

number of potential species (Bergsten et al. et al.
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analyses were additionally conducted on a reduced alignment containing only unique sequences 

D. scoparium

RESULTS
 

psbA-trnH

corresponded to morphological species, including the two species with only one sample (Fig. 
D. acutifolium, D. angustum, D. bonjeanii, D. brevifolium, 

D. fuscescens, D. laevidens, D. majus, D. montanum, D. polysetum, D. scoparium s.l. (including D. 

leioneuron, D. cf. scoparium, and D. scoparium D. septentrionale, D. 

spadiceum, D. spurium, D. tauricum, D. undulatum and D. viride 

Dicranum groenlandicum

indistinguishable from other closely related species: D. fragilifolium and D. elongatum formed 
D. crassifolium was intermingled with 

D. scopariums s.s., D leioneuron clustered with North American specimens of D. cf. scoparium 
D. scottianum and D. canariense formed 

D. scottianum 
and D. canariense

 

Dicranum

p

p

p= 
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FIG. 2. Ultrametric tree depicting the relationship of Dicranum

indicates the phylogenetic boundaries of the Dicranum taxa (Phylo). 
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GMYC results based on the reduced alignment were similar to the results based on the extended 

p

DISCUSSION
 

largest molecular dataset of Dicranum Dicranum species 
D. septentrionale, recently described 
et al et al. 

phylogenetic studies on Dicranum species complexes and Arctic Dicranum

et al

clarify species circumscriptions in Dicranum, and that the low resolution and clade support within 
Dicranum et al. et al.

to a large extent support the morphological species concept, despite morphological confusions and 
et al et al.

In contrast to these results, nine species showed discrepancies between their morphological 
concepts and their molecular circumscription, namely D. groenlandicum, D. elongatum, D. fragilifolium, 
D. scottianum, D. canariense, D. leioneuron and D. cf scoparium. Dicranum groenlandicum was 

D. laevidens and, in absence of sporophytes, both species are 

Dicranum et al.

D. groenlandicum from D. laevidens 

D. groenladicum are necessary to infer its delimitation. Dicranum elongatum and D. fragilifolium 
Dicranum 

elongatum is frequently confused with D. groenlandicum, while D. fragilifolium shares morphological 
similarities with D. tauricum 

morphological distinctions, the present molecular phylogenetic reconstruction indicates that both D. 

elongatum and D. fragilifolium

D. canariense and D. scottianum
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Because of their morphological resemblance, D. canariense has been considered as a subspecies or 
D. scottianum D. canariense differs from the latter 

these results. Morphological and ecological characters of D. leioneuron 

D. bonjeanii or D. scoparium

D. leioneuron has been sometimes considered as an ecotype 
of D. scoparium D. bonjeanii

D. bonjeanii and D. scoparium s.str., the D. 

leioneuron specimens included in this study clustered in a well-supported lineage together with 
North American samples, named as D. cf. scoparium

D. leioneuron 

this species. Although the present data does not indicate any hybridization processes, the use of 

relationship between D. leioneuron and D. scoparium. Finally, D. crassifolium is a species that has 
et al

D. scoparium but is most similar to D. transylvanicum (not included here) 

D. scoparium. 
Dicranum scoparium

D. crassifolium 
et al. D. 

crassifolium, and how D. transylvanicum relates to D. crassifolium and D. scoparium, remais to be 
tested. 

D. crassifolium, D. scottianum and D. canariense,

et al. et al

et al Most of the Dicranum species are 
widespread and found in a great range of habitats. Hence, local adaptation could partly explain 

D. fragilifolium 
and D. elongatum or D. leioneurion. Although the present data does not indicate any hybridisation 

et al

the special sexual reproduction of Dicranum, i.e. dwarf males growing on the branch of a female 

explain genetic relationship of closely related species.
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the circumscription of taxa based on branch length dynamics rather than sequences similarities 
(Monaghan et al et al

will principally depend on the singularities of the data set and the initial species concept used 
et al et al

threshold methods, which corresponds generally well with the phylogenetic reconstruction. 
D. scoparium but also D. viride, D. 

fragilifolium- D. elongatum,  D. fuscescens and D. polysetum

in the number of entities occurred compared to the molecular and morphological delimitations 

tree, except for D. fragilifolium- D. elongatum and D. scoparium which counted a total of three, 
D. 

groenlandicum as one species and both D. brevifolium and D. acutifolium were considered as 

et al et al

et al

the reduced sampling of D. scoparium did not decrease the number of potential species. On the 
contrary, most of the haplotypes or unique sequences, in particular within D. scoparium, were 

Dicranum. 

Alignment method Number of 
sequences

Number of 
estimated 
clusters

entities

extended GMYCs

GMYCm

 phylo

reduced GMYCs

GMYCm

phylo

TABLE 1. 
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et al et al

et al et al

results, we considered that errors in the ultrametric tree construction had little effects on the species 

Dicranum

D. acutifolium and D. brevifolium as well as between D. 

scottianum and D. canariense, which indicates that these four morpho-species might belong to two 
single taxa. 

CONCLUSIONS

bryophyte species is largely based on morphological characters, which are often subtle and 

showed that DNA-based circumscriptions were generally congruent with morphological species 

delimitation in bryophytes.








