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Cryptic and morphologically recognizable species diversity within 
Scandinavian Plagiopus oederianus (Bryophyta: Bartramiaceae)

Lars Hedenäs

L. Hedenäs ✉ (lars.hedenas@nrm.se), Dept of Botany, Swedish Museum of Natural History, Box 50007, SE-104 05 Stockholm, Sweden.

Based on studies of the nuclear marker ITS, the plastid ones atpB-rbcL and rpl16, and morphology, five species are recog-
nizable within Scandinavian Plagiopus oederianus. Four of these species are cryptic, whereas the fifth one, Plagiopus alpinus 
(Schwaegr.) Hedenäs, comb. et stat nov., can be distinguished from the other ones by morphology. Plagiopus alpinus is 
smaller than the four cryptic species within P. oederianus and has smaller spore capsules, smaller exothecial cells, shorter 
leaves and shorter lamina cells in the middle and base of the leaves. In Scandinavia, P. alpinus occurs in the mountain range, 
whereas the cryptic species within P. oederianus occur both in the mountains and in the lowlands. Outside Scandinavia, P. 
alpinus is known from the European Alps but it seems likely that it is widespread in mountains and northern regions of the 
northern hemisphere. The cryptic species within P. oederianus differ in several molecular bases.

Keywords: comb. et stat. nov., integrative taxonomy, mountains, northern diversity, phylogenetic, Plagiopus alpinus 
(Schwaegr.) Hedenäs, principal component analysis

In Scandinavia and Svalbard, Plagiopus oederianus (Sw.) H.A. 
Crum & L.E. Anderson is currently the only accepted Pla-
giopus species (Frisvoll and Elvebakk 1996, Nyholm 1998, 
Hallingbäck  et  al. 2006, 2008). Small plants with small 
spore capsules that occur in the mountains and in Svalbard 
are sometimes distinguished as Plagiopus oederianus var. 
alpinus (Schwaegr.) Ochyra (Möller 1925, Jensen 1939, 
Hallingbäck et al. 2006). Plants called Bartramia oederi var. 
microcarpa Kindb. (Kindberg 1888), a nomen nudum, likely 
belong to this kind, and Plagiopus oederi var. condensata 
Brid. ex Limpr. (Hagen 1899–1904) is another name used 
for such plants in Scandinavia. The latter name is based on 
the illegitimate Bartramia oederi var. condensata Brid. (Bridel 
1817), which included the older basionym of P. oederianus 
var. alpinus, i.e. Bartramia oederi var. alpina Schwaegr. in its 
description (Schwaegrichen 1816). However, whether such 
small plants should be recognized as a distinct taxon is fre-
quently doubted because plants intermediate between var. 
oederianus and var. alpinus are thought to be relatively fre-
quent (Möller 1925, Nyholm 1998) and some of the men-
tioned authors do not distinguish them or they consider the 
small plants as a mere form.

In a recent series of papers based on molecular evidence, 
sometimes in combination with morphological studies 
(Hedenäs 2017a, 2018b, 2019), it was shown that so-far 
hidden diversity exists in many Scandinavian moss species, 
especially in the north and mountains. Some of the found 
molecular variation corresponds with cryptic species only 
(Hedenäs 2020a), whereas in other cases some of the varia-
tion correlates with morphological differentiation and has 
revealed additional morphologically recognizable species 
(Hedenäs 2017a, 2018b, 2020b). The purpose of the present 
study is to investigate whether some of the morphological 
variation in Scandinavian P. oederianus deserves formal rec-
ognition, by placing the species’ morphological variation in 
the context of its molecular variation.

Material and methods

Studied material

This study includes 42 samples of Plagiopus oederianus s.l. 
(Table 1). Thirty-five come from Sweden and five from 
Norway, representing its distribution in the Scandinavian 
peninsula except southernmost Sweden. Based on results by 
Virtanen (2003) and Damayanti et al. (2012), sequences for 
Bartramia, Conostomum and Philonotis species were down-
loaded from GenBank with the intention of using these taxa 
as outgroups. In some species of each potential outgroup 
genus, two of the three sequences employed in the present 
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study were available. However, to align these reliably with 
those of Plagiopus turned out to be impossible since they 
differed too strongly. As a reference for molecular identity 
outside Scandinavia, two specimens from montane habitats 
in Switzerland were included to compare with the Scandina-
vian material.

Molecular methods

Total DNA was extracted using the NucleoMag Plant kit 
for DNA isolation from plant tissue (Macherey-Nagel) with 
the KingFisher Duo magnetic particle processor. Double 
stranded DNA templates were prepared by polymerase chain 
reaction (PCR). PCR was performed using IllustraTM Hot 
Start Mix RTG (GE Healthcare) in a 25 µl reaction volume 
according to the manufacturer’s instructions.

In all cases, the specified PCR programs were initiated 
by a denaturation step of 5 min at 95°C and followed by 
a final extension period of 10 min at 72°C. The PCR pro-
grams were, for the nuclear internal transcribed spacers 1 
and 2 (ITS), 4 cycles of 30 s at 95°C, 40 s at 55°C, and 1 
min at 72°C, 4 cycles of 30 s at 95°C, 30 s at 53°C, and 1 
min at 72°C, 35 cycles of 30 s at 95°C, 30 s at 50°C, and 
1 min at 72°C, with the primers ‘ITS4bryo’ (Stech 1999) 
and ‘ITSbryoR’ (Hedenäs 2014). For the plastid atpB-rbcL 
spacer (atpB-rbcL), 4 cycles of 30 s at 95°C, 40 s at 57°C, 
and 1 min at 72°C, 4 cycles of 30 s at 95°C, 30 s at 55°C, 
and 1 min at 72°C, 35 cycles of 30 s at 95°C, 30 s at 52°C, 
and 1 min at 72°C, with the primers ‘ATPB-1’ and ‘RBCL-
1’ (Chiang et al. 1998), and for the plastid rpl16 G2 intron 

(rpl16), 43 cycles of 30 s at 95°C, 30 s at 58°C, and 1 min 
15 s at 72°C, with the primers ‘F71’ (Jordan et al. 1996) and 
‘rpl16-antR2’ (Hedenäs 2008).

The amplified PCR products were purified from excess 
primers and nucleotides using ExoSap-IT (Applied Biosys-
tems). For all samples, 5 µl ExoSap-IT were added to 20 µl 
PCR product and incubated at 37°C for 30 min followed by 
an enzyme inactivation step at 80°C for 15 min. The puri-
fied PCR products, together with the same primers used for 
PCR amplification, were subsequently sent to Macrogen 
Europe B.V for single-stranded sequencing on an Applied 
Biosystems 3730XL sequencer.

Sequence editing and analysis

Nucleotide sequence fragments were edited and assembled 
for each DNA region using PhyDE 0.9971 (<www.phyde.
de/index.html>; accessed 14 November 2019). The assem-
bled sequences were aligned manually in PhyDE. Regions 
of partially incomplete data in the beginning and end of the 
sequences were identified and were excluded from subse-
quent analyses. Gaps were coded using the simple indel cod-
ing of Simmons and Ochoterena (2000) in SeqState (Müller 
2005). Gaps provided additional information and this was 
included in the analyses. The sequence alignments used in 
the analyses are available on request. GenBank accession 
numbers are listed in Table 1.

ITS paralogues are occasionally encountered in bryo-
phytes (for examples see Košnar et al. 2012, Hedenäs et al. 
2019). The ITS chromatograms included in this study did 

Table 1. Specimen data and GenBank accession numbers for the sequences. All specimens are in herbarium S, and except where noted their 
geographical origin is Sweden. The data are arranged as: sample no. [* = leaf and selected sporophyte characters measured in the detailed 
morphological study; (A)–(E) = group according to Fig. 1]: locality; coll. year, collector (LH = L.Hedenäs) [collector’s no.]; S herbarium regis-
tration no.; GenBank accession numbers for ITS, atpB-rbcL, rpl16 (NA = Sequence not available).

Plagiopus oederianus (Sw.) H.A. Crum & L.E. Anderson: P576* (A): Östergötland, Godegård; 2009, LH; B177547; MT006267, 
MT005106, MT005141. P577 (A): Västmanland, Grythyttan; 1991, N.Hakelier; B281130; MT006268, MT005107, MT005142. P578* 
(B): Värmland, Järnskog; 1985, S.Fransson 1985/190; B106237; NA, MT005108, MT005143. P579* (B): Värmland, Järnskog; 1985, 
S.Fransson 1985/222; B106235; NA, MT005109, MT005144. P580* (B): Värmland, Filipstad; 2010, LH & G.Odelvik; B178132; 
MT006269, MT005110, MT005145. P581* (A): Södermanland, Utö; 2010, LH; B175296; MT006270, MT005111, MT005146. P582* 
(E): Södermanland, Utö; 2016, LH; B240778; MT006271, MT005112, MT005147. P583 (A): Södermanland, Björkvik; 2016, 
A.Stansvik AS347; B270139; MT006272, MT005113, MT005148. P584* (A): Uppland, Djurö; 2014, LH; B208346; MT006273, 
MT005114, MT005149. P585* (A): Dalarna, Ore; 2018, LH; B288109; MT006274, MT005115, MT005150. P586* (B): Gästrikland, 
Torsåker; 2004, LH; B96463; MT006275, MT005116, MT005151. P587* (C): Dalarna, Hamra; 2000, LH; B37586; MT006276, 
MT005117, MT005152. P589 (A): Ångermanland, Viksjö; 2013, LH et al.; B200859; MT006277, MT005118, MT005153. P590* (A): 
Ångermanland, Viksjö; 2013, LH et al.; B200856; MT006278, MT005119, MT005154. P592* (A): Härjedalen, Tännäs; 2007, LH; 
B122837; MT006279, MT005120, MT005155. P593* (C): Jämtland, Ragunda; 2014, LH; B205130; MT006280, MT005121, 
MT005156. P594* (C): Jämtland, Ragunda; 2014, LH; B204257; MT006281, MT005122, MT005157. P595* (A): Jämtland, Kall; 
2006, LH & I.Draper; B112544; MT006282, NA, MT005158. P596* (A): Jämtland, Frostviken; 1988, LH J88–406; B33381; 
MT006283, NA, MT005159. P597* (C): Västerbotten, Jörn; 2016, LH & G.Odelvik; B240425; MT006284, MT005123, MT005160. 
P598* (B): Norrbotten, Tärendö; 1990, LH & M.Aronsson NT90–803; B33382; MT006285, MT005124, MT005161. P599* (C): Åsele 
Lappmark, Dorotea; 2004, LH; B93238; MT006286, MT005125, MT005162. P600 (A): Lycksele Lappmark, Tärna; 2016, LH; 
B237379; MT006287, NA, MT005163. P601* (A): Lycksele Lappmark, Lycksele; 1987, LH; B281129; MT006288, MT005126, 
MT005164. P602* (A): Pite Lappmark, Arjeplog; 2015, LH et al.; B228141; MT006289, MT005127, MT005165. P603* (B): Pite 
lappmark, Arjeplog; 2017, LH et al.; B258199; MT006290, MT005128, MT005166. P604* (C): Pite Lappmark, Arjeplog; 2015, 
LH et al.; B227721; MT006291, MT005129, MT005167. P606* (B): Torne Lappmark, Jukkasjärvi; 2017, LH; B254924; MT006292, 
MT005130, MT005168. P612* (E): Norway. Troms, Lyngen; 2003, LH; B83045; MT006293, MT005131, MT005169. P614* (C): 
Norway. Oppland, Dovre; 2012, LH; B193273; MT006294, MT005132, MT005170. P615 (A): Norway. Nordland, Saltdal; 2013, LH; 
B197540; MT006295, MT005133, MT005171. P618 (A): Switzerland. Ct. Vaud, Tévenon; 2017, LH; B262946; MT006296, 
MT005134, MT005172. P619 (A): Switzerland. Kt. Bern, Sonvilier; 2017, LH; B262617; MT006297, MT005135, MT005173. 
Plagiopus alpinus (Brid.) Hedenäs: P591* (D): Härjedalen, Storsjö; 2007, LH; B122919; MT006298, MT005136, MT005174. P605* 
(D): Lule Lappmark, Jokkmokk; 1998, T.-B.Engelmark; B63796; MT006299, NA, MT005175. P607* (D): Torne Lappmark, Jukkasjärvi; 
1994, LH; B53420; MT006300, MT005137, MT005176. P608* (D): Torne Lappmark, Jukkasjärvi; 2017, LH; B256561; MT006301, 
MT005138, MT005177. P609* (D): Torne Lappmark, Jukkasjärvi; 2017, LH; B256689; MT006302, MT005139, MT005178. P610* 
(D): Torne Lappmark, Jukkasjärvi; 2017, LH; B256538; MT006303, MT005140, MT005179. P611* (D): Torne Lappmark, Jukkasjärvi; 
2017, LH; B254948; MT006304, NA, MT005180. P613* (D): Norway. Oppland, Lom; 1972, N.Hakelier; B281131; MT006305, NA, 
MT005181. P616* (D): Norway. Troms, Bardu; 2008, LH; B138428; MT006306, NA, MT005182.
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not show ‘messy’ patterns or noise that could suggest paral-
ogy, and the 5.8S gene was invariable among all samples (cf. 
Shaw  et  al. 2002, Feliner and Rosselló 2007). Therefore, 
the revealed ITS variation was interpreted as being among 
homologous haplotypes.

Reticulation was revealed using TCS (Clement  et  al. 
2000), and relationships among specimens were therefore 
evaluated in a network context. The relationships were 
evaluated in NeighborNet (NN) split networks, produced 
in SplitsTree ver. 4.12.6 (Huson and Bryant 2006) and in 
TCS networks, and potential support for lineages in a tree 
context was tested by jacknife analyses (1000 replications) 
performed with the program TNT (Goloboff et al. 2003). 
Because visual inspection of jacknife results and NN split 
networks revealed no conflicts between well-supported 
structures in the nuclear and plastid NN split networks, the 
data sets were combined. The final analyses were based on 
those specimens having complete data for all three markers, 
with the approximate relationships of other specimens esti-
mated from either ITS or plastid information. When only 
one of the plastid markers, rpl16, amplified, this was used for 
comparing sequence lengths, but for such specimens plastid 
data was not included for the network construction.

Morphological study and analysis of measurements

After the molecular relationships among the studied P. oede-
rianus s.l. specimens had been clarified, the morphology 
of ten selected specimens from one of the lineages/grades 
(from here onwards informally called ‘groups’), with >10 
specimens, and all specimens from the other groups were 
studied in detail. Since the authors cited in the introduction 
had failed to distinguish well-circumscribed groups within 
P. oederianus s.l., both standard comparisons of qualitative 
and quantitative characters and detailed measurements of 
selected gametophyte and sporophyte features were per-
formed, employing dissecting and compound microscopes.

Specimens for which selected gametophyte and sporo-
phyte features were measured in detail are indicated with an 
asterisk (*) in Table 1. For each of these specimens, a first 
set of measurements were taken from each of three vegeta-
tive leaves, sampled from two stems (2 leaves from one stem 
and 1 from the other, to avoid sampling all leaves from an 
untypical shoot for the specimen). (a) Length and maximal 
leaf width (mm), (b) costa width near base (µm) and (c) 
length (µm), width (µm) and length to width ratio of 20 
cells in the upper 25%, middle 25% and basal portions of 
the lamina. In a second set, (a) shoot length (mm) and (b) 
range in seta length (mm) in the specimen, (c) length and 
width of five (three in P581) dehisced, dry capsules (mm), 
(d) length (µm), width (µm) and length to width ratio of 20 
exothecial cells on the dorsal side of one arbitrarily selected 
capsule, and, when available, (e) diameters of 25 spores (µm) 
were measured. An Olympus SC50 digital camera and the 
Olympus cellSens Standard 1.13 software for automatic and 
continuous image stacking were used to produce temporary 
images of leaves and cells. Measurements were taken from 
these leaf and cell images, using the Olympus cellSens Stan-
dard 1.13 software.

Comparisons of the detailed measurements among the 
groups within P. oederianus s.l. are based on two approaches. 

First, measurements were compared between the molecularly 
identified groups. Potential influence of leaf size on lamina 
cell size was evaluated by adjusting cell sizes to a standard 
leaf length of 2.5 mm and a width of 0.5 mm, by dividing 
the actual leaf lengths or widths with these values and multi-
plying the resulting values with the cell lengths and widths, 
respectively. The mean values of the 20 leaf cells or exothecial 
cells measured at the respective positions were used in the 
statistical comparisons. Shapiro Wilks W-test (normality) 
was statistically significant for most measurements, indi-
cating that the data do not meet the criterion of normality. 
Thus, the nonparametric Kruskal–Wallis ANOVA by ranks 
for multiple comparisons was used to compare the measure-
ments among or between the groups, respectively. Second, 
the leaf and leaf cell measurements on the one hand (in total 
105 measured leaves), and overall shoot size plus sporophyte 
measurements on the other (in total 35 specimen measure-
ments) were subjected to separate principal component anal-
yses (PCA) to see whether the combined information within 
each data set corresponds with the molecularly identified 
groups. For the leaves, leaf length and width, costa width 
near base and the mean lamina cell length, width and cell 
length to width ratio in the upper, middle and basal leaf, 
in total twelve parameters, were included. For the second 
PCA, shoot length, median seta length, mean capsule length 
and width, and the mean exothecial cell length, width and 
cell length to width ratio, in total seven parameters, were 
included. Since spore size was not available for all specimens, 
this was excluded from the second PCA. All statistical cal-
culations were made in STATISTICA 12 (StatSoft 2013). 
Bonferroni corrections were applied in cases of multiple sta-
tistical comparisons.

Results

Molecular relationships

The total number of aligned ITS sites in the 40 studied Pla-
giopus specimens for which ITS sequences could be gener-
ated, after deletion of regions at the beginnings and ends that 
were incomplete for some specimens, was 751. Of these, 57 
sites were variable, with 45 of the variable ones parsimony-
informative; 12 indels were present, with 12 informative. 
For the 35 specimens for which atpB-rbcL sequences could 
be generated, the length was 623, 5 sites were variable, and 
all were parsimony-informative; 4 indels with 2 informative. 
For the 35 specimens which rpl16 sequences could be gen-
erated, the length was 672, 15 sites were variable, and 10  
of these were parsimony-informative; 4 indels with 3  
informative.

The structure of the NN split network received high 
jacknife support (95–100) for the recognition of five groups 
(lineages/grades) within Plagiopus oederianus (Fig. 1A). The 
support for the different groups comes either from ITS 
(groups C, E and a portion of D) or from the plastid markers 
(group D, and the distinction of A and B). Sequence differ-
ences that unambiguously differentiate the five P. oederianus 
s.l. groups are indicated in Appendix 1. From the TCS net-
work, it is evident that each molecular group differs from the 
most similar other group by at least nine mutational changes 
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(Fig. 1B). Specimen P603, which appears between groups 
A and B has ITS of A and plastid markers from B. The two 
montane Swiss specimens belong to group A. The atpB-rbcL 
sequences are longer and the rpl16 ones shorter for A and E 
than for the other groups (Table 2).

Morphological evaluation

The PCAs based on the detailed measurements of 1) selected 
leaf features and 2) other, mainly sporophyte, features of  
P. oederianus s.l. suggest that group D samples, collected in 
the mountain range, are possible to distinguish in most cases 
(Fig. 2A–B, 3A–B). In the PCA for leaf features (Fig. 2B), 

a partial overlap with the other groups along the first and 
second axes is present, whereas for the other features (Fig. 
3B) the situation appears clearer along the first axis. For the 
leaves, upper cell width and to some degree mid-leaf cell 
length, width and length to width ratio correlate with the 
second axis, whereas the other characters correlate mainly or 
almost entirely with the first axis (Fig. 2C). Among the char-
acters in the second PCA, shoot length and exothecial cell 
length to width ratio correlate to some degree with axis 2, 
and the other characters correlate mainly or almost entirely 
with the first axis (Fig. 3C).

Group D samples differ from several of the other groups 
in some of the measured features (Fig. 4). However, D spec-
imens do not differ significantly from all the other groups 
in these characters and in some cases, the states overlap 
significantly. The characters where the differences between  
group D and the other groups are most distinct are listed 
in Table 3.

Habitat and geographical distribution

All Scandinavian Plagiopus species grow on base-rich to 
calcareous substrates. Groups A–C and E specimens were 
almost exclusively collected on rocks or in rock-crevices and 

Figure 1. NeighborNet split network (A) and TCS haplotype network (B) for 29 specimens of Plagiopus oederianus s.l. from Scandinavia 
plus two reference specimens from Switzerland (P618, P619; underlined) based on the nuclear ITS and the plastid atpB-rbcL and rpl16 
regions, for specimens that had complete information for all three. Thick black lines and support values indicate Jacknife support of at least 
95. Specimen P 603, in a frame, has ITS of group B and plastid markers of group A. In Fig. A, specimen numbers in brackets and grey 
indicate the approximate positions of nine specimens with incomplete information. The ‘n’ and ‘p’ following in parentheses after jacknife 
values and specimen numbers, for the nine specimens with incomplete information, indicate whether the support comes mainly from the 
nuclear (n) or plastid markers (p), respectively.

Table 2. Sequence lengths for the five groups (lineages/grades) rec-
ognized by the molecular data (Fig. 1). Number of samples are given 
in parentheses after the sequence lengths.

Group ITS atpB-rbcL rpl16

A 744–748 (17) 622–623 (14) 662 (17)
B 743–748 (6) 612 (7) 665 (7)
C 742–743 (6) 612–616 (7) 669 (7)
D 742–747 (9) 612 (5) 668–671 (9)
E 746 (2) 622 (2) 662 (2)
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frequently in escarpments and only rarely on soil (soil or 
ground was mentioned on labels in 1 out of 33 cases). Group 
D specimens, on the other hand, were collected on soil in 
five out of eight cases.

Most of the identified groups do not show particular geo-
graphic distribution patterns in the Scandinavian peninsula 
(Fig. 5). Groups A–C were recorded from the lowlands to the 
low-alpine region of the mountains, whereas the two group 
E samples were from lowlands. Group D, on the other hand, 
is clearly restricted to the low- and middle-alpine regions of 
the Scandinavian mountain range.

Discussion

Plagiopus oederianus s.l. includes five molecular groups, 
which may be lineages or grades. The latter can only be eval-
uated when suitable outgroups are found. The groups dif-
fer from each other by nine or more mutational changes in 
the three studied markers and their distinction receives high 
(95–100) jacknife support (Fig. 1). In addition, the sequence 
lengths for the plastid markers differ between groups A and 
E on the one hand, and the other groups on the other. The 

molecular differences are comparable to those between well-
known and morphologically distinguishable species (Draper 
and Hedenäs 2009, Cezón  et  al. 2010, Hedenäs 2011, 
2017a), and suggest that the five P. oederianus groups A–E 
correspond with species. In terms of mutational changes, 
the differences are much larger than between the two well-
established cryptic species of Hamatocaulis vernicosus (Mitt.) 
Hedenäs (Hedenäs 2018a, Manukjanová et  al. 2019). The 
analysis of the morphological variation shows that four of 
the P. oederianus s.l. species are cryptic, whereas specimens of 
species D differ from the other ones in quantitative morpho-
logical features. The morphologically different species D is 
molecularly as different from the four cryptic species as these 
are from each other, showing that morphological evolution 
is not correlated with molecular evolution in this complex. 
Similar situations are found in Oncophorus (Hedenäs 2018b) 
and the Racomitrium lanuginosum (Hedw.) Brid. complex 
(Hedenäs 2020a), where cryptic species are as well differ-
entiated molecularly as are morphologically distinct species.

A formal naming of truly cryptic moss species, and the 
so far unnamed semi-cryptic species within Neckera pen-
nata Hedw., would immediately add eight species names 
only in Scandinavia (this paper, Appelgren and Cronberg 

Figure 2. The positions of three leaves from each of ten specimens of group A, seven of group B, seven of C, nine of D and two of group E 
(cf., Fig. 1), along the first two axes in a PCA. Factors 1 and 2 explain 37.24% and 20.19% of the variation. This PCA is based on each 
leaf ’s length (LL), width (LW), costa width at base (CW), upper leaf lamina cell length, width and length/width ratio (UCL, UCW, UCR), 
mid-leaf lamina cell length, width and length/width ratio (MCL, MCW, MCR) and basal leaf lamina cell length, width and length/width 
ratio (BCL, BCW, BCR). Cell sizes and length/width ratios are the mean values of 20 measured cells in each leaf. (A) Leaves classified 
according to their specimens’ origin in alpine (ALP), subalpine (SUB) or lowland (LOW) environments. (B) Leaves classified according to 
which of the lineages/grades A–E its specimen belongs (Fig. 1). (C) Explanatory factors in the plane of factors 1 and 2.
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1999, Hedenäs 2018a, b, 2020a, Manukjanová et al. 2019). 
This corresponds with c. 0.9% of the currently recognized 
Scandinavian moss species, but this figure is based on the 
approximately 5–10% of the mosses of the area that have 
been sufficiently investigated molecularly to reveal poten-
tial cryptic species. Since it is impossible to predict which 
morpho-species include cryptic ones (Hedenäs 2019), a 
very conservative guess on the true number of cryptic moss 
species therefore suggests that in Scandinavia this is in the 
range of 80–100. When cryptic bryophyte species are likely 
frequent, an important issue is if and how these should be 
recognized or even formally named based on molecular evi-
dence only. Whether cryptic species are acknowledged or 
not has important implications on how we understand the 
magnitude of our total species diversity as well as on how 
this should be conserved (Crespo and Lumbsch 2010, Gwi-
azdowski  et  al. 2011, Delić  et  al. 2017, Scott  et  al. 2018, 
Cerca et al. 2020). Cryptic species are necessarily rarer than 
the morpho-species to which they are referred, but some are 
still relatively widespread and frequent whereas other ones 
display narrow geographical distributions and/or are much 
less common. Further, not recognizing cryptic species will 
mislead research on the biology and ecology of species, when 

incorrectly circumscribed biological species entities are inves-
tigated. Some authors have advocated that truly cryptic spe-
cies should not be recognized by formal names (Wagner and 
Wagner Jr. 1989), and this is very much the current practice 
among bryologists. In an earlier paper (Hedenäs 2020a), 
some of the problems with formally recognizing cryptic spe-
cies, including how to know which of the cryptic species is 
represented by old type material, were discussed. However, 
like researchers in other fields (Crespo and Lumbsch 2010, 
Pérez-Ponce de León and Nadler 2010), bryologists need to 
reach a consensus regarding their recognition, formal or not, 
or we shall neither succeed in conserving as much as possible 
of bryophyte species diversity or to fully understand how 
the biologically relevant species entities evolve and function. 
Leaving out an estimated 10% of the bryophyte species stock 
in studies or conservation of biodiversity in Scandinavia 
should not be an option.

Specimen P603, from Pite Lappmark in Sweden, has ITS 
from cryptic species A and plastid markers from cryptic spe-
cies B. Comparable circumstances, with nuclear and plastid 
markers from different closely related species, are frequent 
among mosses (Hedenäs 2015a, 2017b, Hedenäs  et  al. 
2019), and could have different explanations that are dif-

Figure 3. The positions of ten specimens of group A, seven of group B, seven of C, nine of D and two of group E (cf., Fig. 1), along the first 
two axes in a PCA. Factors 1 and 2 explain 48.08% and 19.19% of the variation. This PCA is based on the shoot length (SHL), seta length 
(SEL), capsule length (CAL) and width (CAW) and exothecial cell length, width and length/width ratio (ECL, ECW, ECR). Median values 
are used for seta length, and capsule sizes based on (3)5 measured sporophytes/per specimen, and exothecial cell sizes and length/width 
ratios are the mean values of 20 measured cells in an arbitrarily selected urn. (A) Specimens classified according to their origin in alpine 
(ALP), subalpine (SUB) or lowland (LOW) environments. (B) Specimens classified according to which of the lineages/grades A–E they 
belong (Fig. 1). (C) Explanatory factors in the plane of factors 1 and 2.
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ficult to distinguish without further evidence (Wendel and 
Doyle 1998). It could be a result of a number of processes, 
such as hybridisation, incomplete lineage sorting or horizon-
tal gene or plastid transfer (Wendel and Doyle 1998, Har-
ris 2008, Stegemann et al. 2012, Twyford and Ennos 2012, 
Gao et al. 2014).

The morphologically differentiated species D appears to 
be most distinct in its sporophyte features, where the PCA 
suggests lack of overlap towards the other cryptic species. 
However, for these features, the number of measurements 

from molecularly identified specimens is relatively small. 
To confirm this sharp PCA limit between species D and the 
other ones requires a larger sample than the present one. 
Common garden experiments or finds of mixed occurrences 
could potentially cast additional light on this issue.

This study adds to several earlier ones (Hedenäs 2015b, 
2019, 2020a, b), which show that bryophyte diversity, at the 
morpho-species, cryptic species and intraspecific levels in 
northern and mountain areas of Scandinavia are underesti-
mated and deserve further study.

Figure 4. Boxplots with median values, quartiles and whiskers from maximum to minimum values, for measured characters in Plagiopus 
oederianus s.l. groups A–E (cf. Fig. 1). Only characters where overall significant differences were found among the groups are included. 
When significant differences were in addition found in pairwise comparisons (Kruskal–Wallis ANOVA by ranks) these are indicated by 
different letters under the lower whiskers. The compared measurements are the same as those used for the PCA’s in Fig. 2, 3, respectively. 
For characters A–Q, n was for A: 30, for B and C: 21; for D: 27, and for E: 6. For characters R–T, n was for A: 10, for B and C: 7; for D: 
9, and for E: 2.
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Taxonomy

Despite the found overlap in morphological features between 
species D and the cryptic species within Plagiopus oederia-
nus s.l., most leaves from species D and the type material of 
Bartramia oederi var. alpina Schwaegr. can unambiguously 
be placed in this species (Table 3). When spore capsules are 
present, the recognition of species D is relatively easy and, 
fortunately, spore capsules are common in Plagiopus in Scan-
dinavia. Therefore, species D is here formally recognized, as 
Plagiopus alpinus (Schwaegr.) Hedenäs.

1. �Plagiopus oederianus (Sw.) H.A. Crum & L.E.  
Anderson      Fig. 6A–F

Mosses of eastern North America 1: 636. 1981. Bartra-
mia oederiana Sw., J. Bot. (Schrader) 1800(2): 180. 1800 
[1801] – Type locality (Swartz 1800): ‘Germanica’ and  
‘Suecica’ (n.v.).

Shoots 25–95 mm tall, green. Stem in transverse sec-
tion triangular, with hyalodermis, central strand narrow or 
absent; rhizoids brown, much branched and forming tomen-
tum, densely papillose with tall papillae; axillary hairs con-
sisting of 1–3 upper long and narrow, hyaline cells and 1 
basal rectangular, elongate-rectangular or shortly linear, pale 
brownish cell. Leaves 1.7–4.0 × 0.3–0.8 mm, when moist 
strongly recurved or slightly recurved-spreading and often 
somewhat screwed, keeled above; margin broadly recurved 
except in upper dentate portion, in upper 15–20% margin 
coarsely and irregularly dentate, at least partly with gemi-
nate teeth, partly bistratose below apical region; costa single, 
percurrent or excurrent, 27–68 µm wide near base, back of 
upper costa with strongly prorate distal cell ends. Leaf lam-
ina cells incrassate, eporose or basal cells sometimes slightly 
porose, weakly or strongly longitudinally papillose-striate 
(often most distinct in mid-leaf ), unistratose or rarely partly 
bistratose above; cells in upper 25% of leaf 7.5–37.0 × 5.0–
14.5 µm, 0.7–5.0 times as long as wide, sometimes with dis-
tally prorate cell ends; cells in middle 25% of leaf 9.5–52.0 
× 5.0–14.0 µm, 0.9–8.4 times as long as wide; basal cells 
20.5–132.0 × 5.0–17.0 µm, 1.5–16.0 times as long as wide, 
cells near insertion often brownish; alar cells more or less 
inflated, narrowly but longly decurrent. Synoicous. Calyptra 
cucullate, smooth, naked. Seta reddish, 5–15 mm; capsule 
subglobose, 1.1–2.1 mm long, 0.6–1.4 mm wide, furrowed 
when dry; operculum lowly conical-domed. Exothecial cells 
on dorsal side of capsule 26.5–108.0 × 19.5–76.0 µm, 0.6–
3.6 times as long as wide; stomata long-pored, numerous 
near base of capsule. Exostome 184–395 µm long, red, in 
recently deoperculate capsules with finely reticulate orna-
mentation on outside; endostome shorter than exostome, 
yellowish, with well-developed basal membrane, reduced 
segments and cilia rudimentary or absent. Spores 14.5–32.0 
µm, mostly slightly elongate, strongly warty-papillose.

Plagiopus oederianus includes four cryptic species, with 
geographic distributions that overlap to a high degree (Fig. 
5). Cryptic species C may have a more northern distribution 
than A and B, but the present sampling is not dense enough 
for a firm conclusion regarding this. The four cryptic species 
are molecularly as distinct as P. alpinus, which in addition 
differs from the four P. oederianus cryptic species in mor-
phology (Table 3) and in having a more restricted geographi-

Table 3. Characters that differentiate Plagiopus oederianus from P. alpinus (group D), based on molecularly identified specimens. The 5–95% 
ranges are provided for lamina and exothecial cell sizes, based on the originally measured 1560/520 and 540/180 lamina/exothecial cells 
for P. oederianus and P. alpinus, respectively. Values in parentheses indicate extreme values.

Character P. oederianus P. alpinus

Shoot height (mm) 25–95 15–50
Leaf length (mm) 1.7–4.0 1.3–2.4
Length of mid-leaf lamina cells (µm) (9.5)12.0–33.0(52.0) (8.0)11.0–25.0(30.5)
Length of basal leaf lamina cells (µm) (20.5)30.0–82.5(132.0) (12.5)21.5–56.5(78.5)
Dry spore capsule length (mm) 1.1–2.1 0.7–1.4
Dry spore capsule width (mm) 0.6–1.4 0.5–0.9
Exothecial cells, dorsal capsule, length (µm) (26.5)38.5–87.0(108.0) (21.0)25.5–51.5(60.0)
Exothecial cells, dorsal capsule, width (µm) (19.5)25.5–58.0(76.0) (14.5)18.5–36.5(45.5)

Figure 5. The Scandinavian distributions of specimens belonging to 
groups A–E (Fig. 1). The two included Swiss specimens belong to 
group A.
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cal distribution. Plagiopus oederianus grows on base-rich to 
calcareous rocks or in rock crevices, only rarely on soil.

2. �Plagiopus alpinus (Schwaegr.) Hedenäs, comb. et stat. 
nov.      Fig. 6G–L

Basionym: Bartramia oederi var. alpina Schwaegr., Sp. Musc. 
Frond., Suppl. 1, 2: 50. pl. 59. 1816 ≡ Plagiopus oederi var. 
alpinus (Schwaegr.) Dalla Torre & Sarnth., Fl. Tirol. 5: 405. 
1902 ≡ Plagiopus oederianus var. alpinus (Schwaegr.) Ochyra, 
J. Hattori Bot. Lab. 64: 341. 1988 – Type: [Switzerland] 
Plant ‘d, var. alpina Sw. a Schleich‘, on a sheet with Bartramia 
oederi in herbarium Hedwig-Schwaegrichen [G-00048944! 
Lectotype, designated here; isolectotype in G-00048947!].

Plagiopus oederi var. condensata Brid. ex Limpr., Laubm. 
Deutschl. 2: 550. 1895 (Bartramia oederi var. condensata 
Brid., Muscol. Recent. Suppl. 3: 87. 1817, nom. illeg, 
included B. oederi var. alpina Schwaegr., 1816) – Type local-
ity (Bridel 1817): ‘In Alpibus Helveticus’ (n.v.).

? Bartramia oederi var. microcarpa Kindb., Skr. Vidensk.-
Selsk. Christiania, Math.-Naturvidensk. Kl. 1888(6): 28. 
1888, nom. nud. – Original material (Kindberg 1888): 
[Norway] Knudshø (n.v.).

Shoots 15–50(80) mm tall, green. Stem in transverse sec-
tion triangular, with hyalodermis, central strand narrow or 
absent; rhizoids brown, much branched and forming tomen-
tum, densely papillose with tall papillae; axillary hairs con-
sisting of 1–2 upper long and narrow, hyaline cells and 1 
basal rectangular or elongate-rectangular, pale brownish cell. 
Leaves 1.3–2.4(2.6) × 0.3–0.6 mm, when moist recurved 
or strongly so, and often somewhat screwed, keeled above; 
margin broadly recurved except in upper dentate portion, 
in upper 15–20% margin coarsely and irregularly dentate, 
at least partly with geminate teeth, partly bistratose below 
apical region; costa single, percurrent or excurrent, 26–49 
µm wide near base, back of upper costa with strongly prorate 

distal cell ends. Leaf lamina cells incrassate, eporose, weakly 
or strongly longitudinally papillose-striate (most distinct in 
mid-leaf ), unistratose; cells in upper 25% of leaf 8.0–32.0 × 
5.5–13.0 µm, 0.8–4.9 times as long as wide, often with dis-
tally prorate cell ends; cells in middle 25% of leaf (7.0)8.0–
30.5 × 5.0–14.0 µm, 0.8–4.9 times as long as wide; basal 
cells 12.5–78.5 × 4.5–15.5 µm, 1.4–12.7 times as long as 
wide, cells near insertion often brownish; alar cells slightly 
inflated, narrowly decurrent. Synoicous. Calyptra cucullate, 
smooth, naked. Seta reddish, 4–12 mm; capsule subglobose, 
0.7–1.4 mm long, 0.5–0.9 mm wide, furrowed when dry; 
operculum lowly conical-domed. Exothecial cells on dorsal 
side of capsule 21.0–60.0 × (11.0)14.5–45.5 µm, 0.6–2.6 
times as long as wide; stomata long-pored, numerous near 
base of capsule. Exostome 164–251(301) µm long, red, in 
recently deoperculate capsules with finely reticulate orna-
mentation on outside; endostome shorter than exostome, 
yellowish, with well-developed basal membrane, reduced 
segments and cilia rudimentary or absent. Spores 17.5–28.0 
µm, rounded or slightly elongate, strongly warty-papillose.

Plagiopus alpinus specimens can usually be distinguished 
from the four cryptic species of P. oederianus without prob-
lems, especially when sporophytes are present (Table 3). The 
sporophytes are distinctly smaller in P. alpinus than in the 
cryptic species of P. oederianus, with smaller exothecial cells, 
the plants usually grow in smaller and more compact tufts, 
and the leaves and leaf cells are smaller.

In Scandinavia, P. alpinus occurs only in the mountain 
range. Outside Scandinavia, P. alpinus is known to occur in 
the European Alps, but even if it is not reported or recognized 
for northern Asia (Ignatov  et  al. 2006) or North America 
(Griffin III 2014), it seems likely that it occurs in mountains 
of the northern temperate region, and further north also at 
lower elevations. Plagiopus alpinus grows on base-rich to cal-
careous substrates, both in rock crevices and on soil.

Figure 6. Illustrations of salient features of Plagiopus oederianus (A–F; P615: Norway. Nordland, Saltdal, 2013, L. Hedenäs, S, reg. no. 
B197540) and P. alpinus (G–L; P608: Sweden. Torne Lappmark, Jukkasjärvi, 2017, L. Hedenäs, S, reg. no. B256561), from specimens 
included in the molecular analysis. (A), (G) Habit. (B), (H) Spore capsules. (C), (I) Exothecial cells between ridges, from dorsal side of spore 
capsule. (D), (J) Stem leaves. (E), (K) Lamina cells from base of stem leaf. (F), (L) Lamina cells from middle of stem leaf.
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Note
In herbarium Hedwig-Schwaegrichen in G there are two 
syntypes that are likely portions of the original collection of 
Bartramia oederi var. alpina Schwaegr. One is specimen ‘d’ 
on the sheet with number G00048944, with the annotation 
‘d, var. alpina Sw. a Schleich.’ and the other one is specimen 
G00048947, under the name Bartramia oederi var. conden-
sata Brid. An added label on the latter has ‘Ad rupes in pla-
nitie Vallesiae’ (on rocks of the plains of Valais) printed and 
‘Bartr. Oederiana v. alpina Sw. Schl 812’ written by Hedwig 
(according to a note by G. Colomb-Duplan, who also states 
‘Schleicher leg.’). Both these specimens fit well with the 
description of var. alpina in the protologue (Schwaegrichen 
1816), ‘uncia parum altior et magis stricta et compacta’ [(an) 
inch deep and a little more tight and compact (than Bar-
tramia oederi)]. A third specimen, G00048945 from herb. 
Schleicher, with ‘Bartramia Oederi [.] alpina Schw.’ writ-
ten on the label, belongs to the same species as the first two 
specimens. However, this specimen disagrees with the pro-
tologue in that the tufts are ca 8 cm, or around three inches 
deep. Further, whereas the first two specimens have both 
capsules with their opercula remaining and deoperculate 

capsules despite that only 4–5 capsules are present in each, 
the herb. Schleicher specimen has only deoperculate capsules 
even if there are well over 100 capsules present. Whereas the 
third specimen clearly deviates from the protologue, and is 
unlikely part of the same collection as the first two speci-
mens, there is no significant difference between the first two 
specimens. G00048944 (Fig. 7) is here designated as lecto-
type, with G00048947 thus becoming an isolectotype.

Both the type and specimen G00048945 from Schleich-
er’s herbarium fit into the range of measurements for P. alpi-
nus based on molecularly identified specimens (Table 3), 
except that the tuft of G00048945 is ca 8 cm deep and one 
measured leaf from the lectotype was 2.6 mm long. The leaf 
lengths (three leaves from two stems in the Schleicher speci-
men, three leaves from a single stem in the lectotype) vary 
between 1.6–2.6 mm, the mid-leaf lamina cells (60 from 
each specimen = 120) vary between 7.0 and 30.5 µm long, 
and the basal cells (120) between 18.5 and 61.5 µm long. 
The spore capsules vary between 0.8–1.2 mm long and 0.6–
0.8 mm wide (20), and the exothecial cells (20 cells from 
dorsal side of one capsule in G00048945) are 29.5–49.0 × 
11.0–30.0 µm.

Figure 7. Herbarium sheet no. G00048944 from herbarium Hedwig-Schwaegrichen, with the lectotype of Bartramia oederi var. alpina 
Schwaegr. encircled by a thin line (added on the image).
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Appendix  1. Sequence alignment portions of ITS, atpB-rbcL and rpl16 that display variation between the four cryptic  
Plagiopus oederianus or between these and the non-cryptic P. alpinus. Numbers above the alignment portions indicate the 
positions within the entire alignments. The column to the left of a set of alignment portions indicates a cryptic species within 
P. oederianus (A–C, E) or P. alpinus (D), with the sample number of the shown sequence indicated. Shaded boxes indicate 
variable portions that characterize one of the five species.
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