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Figure 29.  Schematic representation of the Bryobiotina phyla and classes related to other members of the Plant Kingdom 

(Polysporangiophyta), based on Shaw & Goffinet 2000. 

New Meanings for the Term Bryophyte 
Perhaps all this discussion of Equisetopsida vs using 

Bryophyta as a phylum will go away if the new PhyloCode 
(PhyloCode 2010) is widely adopted by the scientific 
community.  Among the principles defined by this code, 
number 4 states "Although this code relies on the rank-
based codes [i.e., International Code of Botanical 
Nomenclature (ICBN)]... to determine the acceptability of 
preexisting names, it governs the application of those 
names independently from the rank-based codes.  Item 6 in 
the Principles states that "This code will take effect on the 
publication of Phylonyms: a Companion to the PhyloCode, 
and it is not retroactive. The PhyloCode is online at 
<http://www.ohio.edu/phylocode/>. The printed version 
and the Companion Volume will be published by UC Press.  
For a detailed example of a Phylocode-style classification 
in bryology see Fisher et al. 2007.  Here are the names that 
will be applied in Phylonyms for the clades relating to the 
bryophytes: 
 
Viridiplantae 
 Chlorophyta (most of the former green algae)  
 Charophyta (some of the former green algae and land 

plants) 
  Phragmoplastophyta (Coleochaete + Chara + 

embryophytes) 
    Streptophyta (Chara + embryophytes) 
    Embryophyta (land plants) 
     Hepaticae 
     Musci 
     Anthocerotae 
     Tracheophyta  (etc.) 
 

This appears to be a long step backwards, but one can 
argue that it lends stability in a field that is constantly 
changing how it views relationships.  Brent Mishler 
reported to Bryonet, 30 January 2010, that the group of 
authors for these names in Phylonyms chose to "apply the 
traditional names Hepaticae, Musci, Anthocerotae 
specifically because of their long use.  And, the lack of a 
rank-based ending is a bonus. We did not use 'Bryophyta' 
or 'Bryopsida' anywhere, because of the ambiguity people 
have mentioned."  

This brings us back to our earlier discussion of the 
term "bryophyte."  Mishler states that he does agree with 
Jon Shaw that "bryophyte" (small "b") is a useful term for 
talking about plants with a somewhat similar biology, like 

"prokaryote," "invertebrate," or "algae," but there is no 
room for it in formal cladistic classification.  

But not all bryologists are enamored with cladistics.  I 
am still wary of them because I do not think we know 
enough about the genetic structure to adequately interpret 
the data, at least in some cases.  As Richard Zander put it 
on Bryonet (31 January 2012), there are two ways it can be 
wrong – bad theory and lack of adequate sampling.  "Bad 
theory means cladistics is not the way to analyze evolution 
because it just clusters end members of a tree, with no 
discussion of what the nodes of the tree mean, i.e., totally 
ignoring macroevolution."  Inadequate sampling has been a 
problem of molecular systematics, but this is being rectified 
by time and continuing research on more and more species, 
making the interpretation more reliable.   

As a teacher, and for my own learning, I find grouping 
things to be invaluable.  The molecular-based classification 
of genera into families (see Shaw & Goffinet 2000) has 
made more natural groupings and thus made it much easier 
to understand the relationships, permitting one to place 
something new into a group (genus, family) and thus more 
easily discover its identity.  Until now, our International 
Code of Botanical Nomenclature has guided our naming of 
both species and higher categories. 

These rules of nomenclature are laid out in The 
International Code of Botanical Nomenclature (McNeill et 
al. 2006), renamed in 2011 to the International Code of 
Nomenclature of Algae, Fungi, and Plants (Miller et al. 
2011).  These rules are reviewed and modified as needed 
every six years at the meeting of the International Botanical 
Congress.  Of note are changes in 2011 to permit taxon 
descriptions in English or in Latin and to permit electronic 
publication of descriptions and names of new taxa in 
specified types of electronic journals and books (See Penev 
et al. 2010). 

Differences within Bryobiotina 
Within the Bryobiotina, there are distinct differences 

among the phyla and classes.  Those morphological 
differences will be discussed in the next chapter, but from 
an evolutionary perspective, one must also consider the 
biochemical evidence, which will play a major role in their 
ecological capabilities.  Those Marchantiophyta that 
possess oil bodies synthesize mono-, sesqui-, and 
diterpenes as their terpenoids, as do some 

Figure e parte del testo tradotto da Bryophyte Ecology, Glime



Gruppi non trattati

• Bryophyta – TAKAKIOPSIDA: muschi primitivi con molte 
caratteristiche simili a quelle delle epatiche. Due specie in un 
genere (Takakia); caratterizzati da capsule che si aprono a 
spirale in valve. 
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liverworts.  Although its 3-dimensional structure seemed a 
bit out of place, it seemed most like a liverwort, and there it 
stayed for several decades (Hattori & Inoue 1998; Hattori 
& Mizutani 1958).  But eventually, its slime papillae 
(Figure 4), its leaves in 3 rows (Figure 5), its simple oil 
bodies – not granular as in liverworts, its archegonia 
(Figure 3) sometimes on a pedestal, and its archegonial 
neck cells in 6 vertical rows began to raise questions.  Its 
chromosome number was 4 or 5, unlike the typical 10 in 
liverworts and even higher numbers in most mosses.   
 

 
Figure 3.  Archegonium of Takakia lepidozioides.  Photo 

with permission from <www.botany.ubc.ca/ 
bryophyte/LAB8.htm.>. 

Then, at one of its former collection sites, it produced 
capsules  (Smith 1990; Smith & Davison 1993)!  And there  

was the proof.  Although not too distant from a liverwort 
capsule, it dehisced spirally in a single valve (Figure 5, 
right), and no elaters emerged.  Indeed, aside from its 
filamentous, divided leaves, it had much in common with 
Andreaea, a moss.  The spiral line of dehiscence splits and 
twists, creating a more efficient spore dispersal (Renzaglia 
et al. 1997; Higuchi & Zhang 1998). 
 
 

 
Figure 4.  Slime papilla of Takakia lepidozioides.  Photo 

with permission from 
<http://www.botany.ubc.ca/bryophyte/LAB8.htm>. 

In trying to resolve the phylogenetic position of 
Takakia, Schuster (1997) referred to it as "one of a handful 
of isolated and unique plants."  It is like the Monocleales of 
the liverworts in its longitudinal suture of the capsule and 
its "feeble conducting strand" of the sporophyte.  Its lobed 
leaves are like those in the Jungermanniales of the 
liverworts.  The leafless horizontal stolons, slime papillae, 
massive secretions of mucilage, orange antheridia nestled 
among leaves of all three rows (Figure 5, middle), and 
absence of rhizoids are characters like those of the 
Calobryales among the liverworts.  Its capsule with 3-4-5 
layers and thickened epidermal cells with thin inner cells 
and its absence of stomata and air spaces resemble 
Symphogyna in the Metzgeriales, also a liverwort.   

 
 

 
Figure 5.  Takakia.  Left:  vegetative plant of Takakia lepidozioides showing filamentous leaves.  Middle:  leafy plant of Takakia 

ceratophyllum with young capsule.  Right: dehiscing capsule of Takakia ceratophyllum showing spiral split and exposed spores.  Note 
single suture that splits, hence a single valve.  Photo permissions on left from www.botany.ubc.ca/ bryophyte/LAB8.htm; photo in 
middle from website of the Hattori Botanical Laboratory; photo on right from Ken McFarland, Mosses website, through fair use. 



Gruppi non trattati

• Bryophyta –
SPHAGNOPSIDA: molto 
importanti ecologicamente 
ma non presenti in Italia 
meridionale continentale 
(presenti in Sicilia, Toscana 
e nord Italia). Per alcuni un 
gruppo indipendente 
rispetto alle briofite s.s.
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CHAPTER 2 5 
BRYOPHYTA  SPHAGNOPSIDA 

 

 
Figure 1.  Sphagnum papillosum with capsules.  Photo by Janice Glime. 

 

 

C  S      
The class Sphagnopsida is very different from other 

members of Bryophyta (sensu stricto).  It certainly is 
worthy of its own class, and some agree with Crum (2004) 
that it is likewise worthy of its own phylum, the 
Sphagnophyta.  Certainly its morphological differences 
play a major role in its unusual ecology.  Until recently it 
was composed of only one genus (Sphagnum; Figure 1), 
but now the family Ambuchananiaceae (one genus, 
Ambuchanania) has been described from Tasmania, and 
possesses rhizoids.  The only other member of 
Sphagnopsida with rhizoids is Sphagnum (=Flatbergium)  
novo-caledoniae (Figure 2-Figure 4), an epiphyte 
(Iwatsuki 1986; plants that grow on another plant without 
deriving nutrients from it) that grows in or near rivers 
(IUCN 2013). 

Figure 2.  Sphagnum (=Flatbergium) novo-caledoniae.  
This species is an endemic to New Caledonia and is the only 
Sphagnum species known to produce rhizoids.  Photo by Louis 
Thouvenot, with permission. 
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Figure 44.  Vegetative characters of Sphagnum, Class Sphagnopsida.  upper left:  Sphagnum wulfianum capitula; upper right:  
cross section of stem showing hyaline cells and "woody strand" (photo by David Tng, with permission); middle left:  leaf showing 
pattern of hyaline and photosynthetic cells illuminated by UV light; red areas indicate chlorophyll fluorescence; middle right:  portion 
of leaf showing photosynthetic and hyaline cells (note fibrillae on hyaline cells); lower left:  cross section of leaf showing hyaline cells 
that nearly enclose the photosynthetic cells; lower right:  methylene-blue-stained portion of leaf showing pores in hyaline cells.  Photos 
by Janice Glime, except as noted. 

SPHAGNOPSIDA



BRYOPHYTA :
ANDREAEOPSIDA, ANDREAEOBRYOPSIDA, 
POLYTRICHOPSIDA 
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CHAPTER 2-6 
BRYOPHYTA - ANDREAEOPSIDA, 

ANDREAEOBRYOPSIDA, 
POLYTRICHOPSIDA 

 

 
Figure 1.  Andreaea rupestris with open capsules.  Photo by Michael Lüth, with permission. 

 

Andreaeopsida – The Granite Mosses 

This is a small, cool-climate class of siliceous-rock-
dwelling mosses (Schofield 1985), again with only one 
genus, but with approximately 100 species.  They are 
typically blackish or reddish, brittle, and short (Figure 1).  
One can recognize them by rubbing one's hand across them 
and discovering small fragments stuck to the hand.  This no 
doubt has dispersal potential. 

The leaves are but one cell thick (Figure 2), but some 
species have a multiple cell thickness in the center, forming 
a costa (Figure 3).  The arrangement of leaves is multi-
ranked and the stem typically has colored cell walls (Figure 
4).  Unlike most mosses, they have a thalloid protonema. 

Of ecological significance, Andreaea is autoicous 
(having male and female reproductive organs in separate 
clusters on the same plant; Figure 5-Figure 7).  This 
ensures there will be others around to accomplish 
fertilization. 
 

 

 
Figure 2.  Andreaea mutabilis leaves with no costa.  Photo 

by Tom Thekathyil, with permission. 

ANDREAEOPSIDA – Muschi del granito
In climi freddi, su rocce silicee, un solo 
genere ma con circa 100 specie.
Tpipicamente nerastri o rossastri, fragili e 
piccoli (Figura 1). Facilmente riconoscibili, 
strofinando la mano su di essi restano
frammenti attaccati alla mano, cosa
potenzialmente utile per la dispersione. 
Foglie unistratificate (Figura 2), in alcune
specie con ispessimento al centro
formando una costa. (Figura 3). 
Protonema talloide. 
Importante ecologicamente, Andreaea is 
autoico (con anteridi e archegoni in gruppi
separati sullo stesso individuo); Figura 5-
Figura 7). 



ANDREAEOPSIDA
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Figure 3.  Andreaea subulata leaf showing costa.  Photo by 

Tom Thekathyil, with permission. 

 
Figure 4.  Andreaea stem cross sections.  Photo from website 

of Botany Department, University of British Columbia, with 
permission. 

 
 

 
Figure 5.  Andreaea nivalis perigonium.  Photo from website 

of Botany department, University of British Columbia, with 
permission. 

 
Figure 6.  Andreaea nivalis perigonium crushed to reveal 

paraphyses.  Photo from website of Botany Department, 
University of British Columbia, with permission. 

 
 

 
Figure 7.  Andreaea nivalis antheridium.  Photo from 

website of Botany department, University of British Columbia, 
with permission. 
 

The capsule is reminiscent of liverworts, opening in 
four valves, but having the tips remaining attached to each 
other, making it look like those paper lanterns we made as 
children for Halloween (Figure 8).  Unlike the liverworts, it 
lacks elaters. And unlike most liverworts and Bryopsida, it 
lacks a seta and has a gametophyte pseudopodium, a 
character in common with Sphagnopsida, a stalk produced 
at capsule maturity from the gametophyte tissue.   



ANDREAEOPSIDA

La capsula ricorda quella delle epatiche
e si apre in quattro valve, ma con le 
parti terminali che restano attaccate tra
loro, facendola somigliare ad una
lanterna cinese (Figura 8). A differenza
delle epatiche non presenta elateri. 
Diversamente dalla maggior parte di 
epatiche e Bryopsida non presenta una
seta e ha uno pseudopodio, un carattere 
in comune con Sphagnopsida, uno stelo
prodotto alla maturità della capsula da 
tessuto del gametofito.
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Figure 8.  Andreaea rupestris, Class Andreaeopsida, 

gametophyte with sporophyte showing four valves of capsule and 
pseudopodium of gametophyte.  Photo by Janice Glime. 

Andreaeobryopsida 
This class likewise is comprised of a single genus, 

Andreaeobryum (Figure 9), which has been considered by 
most to belong to the Andreaeopsida, but recently separated 
in the treatment by Buck and Goffinet (2000).  It differs in 
being dioicous (having male and female reproductive 
organs on separate plants) and possessing a seta.  Its 
calyptra is larger, covering the capsule, and the capsule is 
valvate, but unlike the Andreaeopsida, the apex erodes, so 
the valves are free, not joined at the apex.   The 
distribution is narrow, restricted to the northwestern part of 
Canada and adjacent Alaska, where it grows on calcareous 
rocks, contrasting with the acidic granite preference of 
Andreaea (Andreaeopsida). 
 

 
Figure 9.  Andreaeobryum macrosporum with valvate 

capsules.  Photo from Biology 321 Course Website, UBC, with 
permission. 

Polytrichopsida 
With bryophytes, the determination of primitive or 

advanced often depends on the generation being examined.  
The gametophyte may have changed considerably while 
some set of characters of the sporophyte remained constant.  
And of course, the reverse can be true.  The dioicous 
condition (male and female reproductive organs on separate 
plants) that characterizes Polytrichopsida is considered to 
be primitive (Longton & Schuster 1983), with the 

monoicous condition (male and female reproductive 
organs on the same plant) that is so frequent in Bryopsida 
typically being derived by doubling of the chromosome 
number.  Likewise, nematodontous peristome teeth 
(having evenly thickened walls and whole dead cells 
lacking eroded walls, Figure 10) of Polytrichopsida would 
seem to be an earlier development than the arthrodontous 
condition of Bryopsida.   

All members of the class possess an elongate 
sporophyte seta, supporting an operculate peristomate 
capsule, and a columnar columella, characters that are 
more advanced than in Sphagnopsida but typical in 
Bryopsida.  Spores are produced by meiosis in a single 
event in sporogenous tissue that surrounds the columella 
(Figure 11-Figure 12). 
 

 
Figure 10.  Nematodontous peristome teeth of Tetraphis 

pellucida (Polytrichopsida).  Note the separation at the tips.  
Photo from Biology 321 Course Website, UBC, with permission. 

 

 
Figure 11.  Cross section of immature Polytrichum capsule 

showing sporogenous tissue.   Photo by Janice Glime. 



ANDREAEOBRYOPSIDA

Anche questa classe comprende un solo 
genere, Andreaeobryum (Figura 9), che
era stato considerato parte delle
Andreaeopsida e recentemente
separato. Si differenzia per essere dioico
(anteridi e archegoni su individui
differenti)  e per avere una seta. La 
caliptra è piú grande e copre la capsula, 
la capsula è valvata, ma a differenza di 
Andreaeopsida, l’apice è eroso e le valve 
sono libere. La distribuzione è limitata
al Canadà nord-occidentale e 
l’adiacente Alaska, dove cresce su rocce
calcaree.
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POLYTHRICHOPSIDA
• Le Polytrichopsida presentano specie 

dioiche, un carattere considerate 
primitivo, con specie monoiche (tipiche
delle Bryopsida) generalmente derivate 
dal raddoppiamento del numero
cromosomico (poliploidia). Parimenti, i
denti nematodonti del peristoma (con 
pareti cellulari ispessite uniformemente
e cellule morte intere senza pareti erose, 
Figura 10) delle Polytrichopsida
sembrerebbero essere uno sviluppo che
precede lo sviluppo dei denti artrodonti
delle Bryopsida. 
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POLYTHRICHOPSIDA
• Tutte le Polytrichopsida presentano uno sporofito con 

seta allungata, che sostiene una capsula opercolata con 
peristoma e una columella colonnare , caratteri piú
avanzati che in Sphagnopsida ma tipici delle Bryopsida. 
Le spore sono prodotte per meiosi in un singolo eventi
nel tessuto sporogeno che circonda la columella (Figure 
11e 12). 
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Figure 12.  Longitudinal section of Polytrichum capsule.  

Photo by Janice Glime. 

The gametophyte is often very specialized, being 
characterized by stems with a central strand, reaching its 
peak in Polytrichaceae (Figure 13), with the presence of 
hydroids (water-conducting cells) and leptoids (sugar-
conducting cells). The leaves of the class are all costate 
(having a midrib-like structure; Figure 14). 
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Polytrichaceae 
In many ways, this family looks like a tracheophyte 

wanna-be.  It attains a greater height than the typical moss 
and  can even stand alone to nearly half a meter in the case 
of Dawsonia longifolia (Figure 15).  Polytrichum 
commune (Figure 16) likewise attains similar heights, but 
only with the support of other individuals, forming a 
hummock.  Even in the cold climate of Macquarie Island, 
P. juniperinum reaches hummock heights of 30 cm (Rod 
Seppelt, pers. comm. 16 March 2007). 
 

 
Figure 15.  Dawsonia longifolia from New South Wales, 

Australia.  Photo by Janice Glime. 

The genus Dawsonia has many unresolved species, 
some of which have been moved to a different genus.  Even 
the well known D. superba (Figure 15) has been merged 
into D. longifolia.  Dawsonia longifolia s.l. is a native of 
New Zealand, Australia, and Papua New Guinea and 
breaks the height record for upright mosses.  It grows up to 
48 mm in a year and in this study ranged 6-38 cm tall 
(Green & Clayton-Greene 1981).  This compares well with 
known growth rates of Polytrichum commune of 3-5 cm in 
one growing season (Figure 17) (Sarafis 1971).  It occurs in 
a temperate climate and its growth tracks available 
moisture and temperature.  Its sperm dispersal is aided by 
an antheridial splash cup, with sperm known to reach 
females 1.5-2 m from the males in the field, but 
experimental tests showed they could splash to heights up 
to 3.3 m in the lab (Clayton-Greene et al. 1977)!  Ligrone 
et al. (2002) showed that Dawsonia responded differently 
to antibodies used to label the arabinogalactan proteins in 
the water conducting cells, suggesting that their chemical 
structure differed from that of other mosses tested.  On the 
other hand, Dendroligotrichum (Figure 18) and 
Polytrichum demonstrated a strong reaction in the leptoids 
(Figure 13; Figure 19) of the stem.  These three genera 
differed in other marker reactions as well, supporting the 
uniqueness of the Polytrichopsida. 



POLYTHRICHOPSIDA

• Il gametofito è spesso molto 
specializzato, essendo caratterizzato da 
caulidi con un filamento centrale, 
raggiungendo il massimo di sviluppo
nelle Polytrichaceae (Figura 13), con 
presenza di idroidi (cellule conduttrici
di acqua) e leptoidi (cellule conduttrici
di zuccheri). I fillidi della classe sono
tutti costati (con costa - una struttura
simile alla nervatura di una foglia; 
Figura 14). 
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POLYTHRICHACEAE
• Ha caratteristiche che fanno avvicinare

questa famiglia alle tracheofite. Piú alte di 
quanto lo sia un tipico muschio, possono
raggiungere quasi mezzo metro di altezza, nel
caso di Dawsonia longifolia (Figura 15). 
Polytrichum commune (Figura 16) può
parimenti raggiungere dimensioni simili, ma 
con il sostegno di altri individui formando un 
hummock (struttura a collinetta). Anche nei
climi freddi delle Isole Macquarie (tra Nuova 
Zelanda e Antartide), P. juniperinum
raggiunge altezze (nello hummock) di 30 cm.
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Figure 22.  Hand section of Polytrichastrum alpinum leaf 

showing lamellae with papillose terminal cells.  Photo by Janice 
Glime. 

 
Figure 23.  Polytrichum juniperinum with waxy leaves and 

lamina that rolls over the lamellae.  Photo by Janice Glime. 

 
Figure 24.  Polytrichum juniperinum leaf cross section 

showing lamellae and edges of leaf folded over them.  Photo by 
John Hribljan, with permission. 

In some mosses, like Polytrichum, the antheridia are in 
splash cups or platforms (rosette of leaves from which 
reproductive units such as sperm, gemmae, or spores can be 
splashed by raindrops; Figure 25), and when the sperm 
(male reproductive cells; male gametes) are mature, the 
antheridium (Figure 26) swells and bursts during a rainy 
period.  The bases of the antheridia, in taxa such as 
Polytrichum and Atrichum (Figure 33), collect fluid 
between the sperm tissue and the antheridial jacket (Figure 
26) (Bold et al. 1987).  When the cells at the tip of the 
sterile jacket open, the antheridial jacket contracts.  At this 
time, the fluid at the bottom acts as a hydraulic ram and 
forces the sperm out of the antheridium.  Once in the open 

water of the splash cup, the sperm are splashed from the 
cup.  Hopefully, some of these sperm will splash near the 
tip of a female plant (Figure 27) and will begin swimming 
toward the archegonium (Figure 28).   
 

 
Figure 25.  Male plants of Polytrichum juniperinum with 

antheridial splash cups.  Photo by Janice Glime. 

 
Figure 26.  Polytrichum antheridial head showing 

paraphyses and antheridia.  Note space where mucilage collects 
between the dark sperm tissue and the sterile jackets of the 
antheridia.  Photo by Janice Glime. 

 
Figure 27.  Female plants of Polytrichum ohioense showing 

the tight leaves at the apex where archegonia are housed.  To the 
right of the female plants, the yellow swollen tips are male plants 
with unopened antheridial splash cups.  Photo by Janice Glime. 

POLYTHRICHACEAE
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Antibodies against varied carbohydrate epitopes of 
arabinogalactan proteins gave different results. The 
‘arabinogalactan proteins (AGP)’ antibody labelled the 
WCCs in all mosses, except Dawsonia, whilst no labelling 
was observed in hepatics. 
 
 

 
Figure 16.  Polytrichum commune with capsules.  Photo by 

George Shepherd, through Creative Commons. 

 

 
Figure 17.  Polytrichum commune 2-year growth in Europe.  

Photo by Michael Lüth, with permission. 

 

 
Figure 18.  Dendroligotrichum dendroides.  Photo by Jan-

Peter Frahm, with permission 

 
Figure 19.  Dendroligotrichum dendroides stem cross 

section showing hydroids and leptoids.  Photo by Juan Larrain, 
with permission. 

The Polytrichaceae lead the way to complexity with 
their unusual leaf structure, possessing vertical lamellae 
(vertical tiers of cells like the pages of an open book; 
Figure 20-Figure 22) that provide an interior somewhat 
resembling that of a maple leaf.  In fact, in the genus 
Polytrichum, some members have the outer portion of the 
blade folded over the lamellae (Figure 23-Figure 24), 
creating an internal chamber resembling palisade 
mesophyll surrounded with epidermis.  The cuticle (in this 
case, a waxy, water-repellant covering on the outer surface 
of the leaf; Proctor 1979) of Polytrichum is more 
developed than in most other bryophytes, and Polytrichum 
seems to repel water from its leaves rather than to absorb it 
(Figure 23), a phenomenon that may prevent the spaces 
among the lamellae from flooding that would block access 
of CO2 to the chloroplasts within.  Its rhizoids function not 
only for anchorage, but also seem to facilitate external 
water movement.   
 

 
Figure 20.  Polytrichum ohioense leaf lamellae in surface 

view.  Photo by John Hribljan, with permission. 
 

 
Figure 21.  Stained leaf cross section of Polytrichum 

showing vertical lamellae.  Photo by Janice Glime. 

• Le Polytrichaceae mostrano una complessità
insolita con i loro fillidi con lamelle; Figura 21) 
con una struttura interna che ricorda quelle delle
foglie di acero. In effetti, nel genere Polytrichum, 
alcune specie hanno la porzione esterna della
lamina ripiegata sulle lamelle (Figura 24), 
formando una camera interna che assomiglia a 
mesofillo a palizzata circondato da epidermide. 
La cuticola (in questo caso, un rivestimento
ceroso, idrofobo, sulla superficie esterna della
foglia) di Polytrichum è piú sviluppato che nella
maggior parte delle alter briofite, e Polytrichum
sembra in effetti respingere l’acqua dalla sue 
foglie piuttosto che assorbirla (Figura 23), un 
fenomeno che può Impedire che gli spazi tra le 
lamelle vengano saturati di acqua bloccando
l’accesso della CO2 ai cloroplasti presenti al loro
interno. I suoi rizoidi non hanno solo la funzione
di ancoraggio, ma sembrano anche facilitare i
movimenti all’esterno dell’acqua.
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ALTRE POLYTHRICHOPSIDA
• Includono la famiglia TETRAPHIDACEAE

caratterizzata dal peristoma di soli quattro denti
nematodonti allungati e dalla presenza di scífuli
(Splash Cups) per la diffusione di gemme
vegetative (si tratta di   strutture caliciformi, a 
scodella, con funzione di ausilio alla
distribuzione di spermatozoidi o gemme – come 
in questo caso - mediante spruzzi d’acqua). Altra
caratteristica è il protonema di forma ad aletta
(flaps). 

•
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Figure 32.  Epiphragm of Polytrichum.  Photo by Laurie 

Knight <http://www.flickr.com/photos/laurie-knight>, with 
permission. 

 

 
Figure 33.  Atrichum undulatum with antheridial splash 

cups, another member of the Polytrichaceae.  Photo by Janice 
Glime. 

Tetraphidaceae 
Tetraphis (Figure 35), also in the Polytrichopsida, 

looks more like a typical moss than do other 
Polytrichopsida, with thin, 1-cell-thick  leaves and a costa 
(Figure 14, Figure 34).  Tetraphis is unique among mosses 
in having gemmae (Figure 35-Figure 36) arranged in splash 
cups at the tips of the stems when sexual reproduction is 
not in season, arguably a primitive remnant.  These 
gemmae are asexual bits of plant material that can grow 
into a new plant.  Its most unusual character is that its 
protonemata are not threads, but rather flaps (Figure 37).  
Antheridia are borne terminally on the leafy plants (Figure 
38), as are the archegonia.  The capsule (Figure 39) has 
only four long, unjoined, nematodontous teeth (Figure 10, 
Figure 40).   

 
Figure 34.  Tetraphis pellucida leaf  cross section showing 

1-cell-thick lamina and multicellular costa.  Photo from botany 
website, University of British Columbia, with permission. 

 

 
Figure 35.  Leafy gametophytes of Tetraphis pellucida with 

gemmae cups on top.  Photo by Janice Glime. 
 

 
Figure 36.  Gemma cup with gemmae of Tetraphis 

pellucida.  Photo by Janice Glime. 
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Figure 37.  Protonemal flaps of Tetraphis pellucida.  Photos 

from University of British Columbia Biology 321 Course 
Website, with permission. 

 

 
Figure 38.  Leaves and antheridia of Tetraphis pellucida.  

Photo from UBC Biology 321 Course Website, with permission. 

 

 
Figure 39.  Capsules of Tetraphis pellucida showing calyptra 

with capsule exposed in the lower third.  Photo by Janice Glime. 

 
Figure 40.  Capsules of Tetraphis pellucida, lacking calyptra 

and operculum (lid), exposing the 4 peristome teeth.  Photo by 
Janice Glime. 

Buxbaumiaceae – Bug on a Stick 
Buxbaumia (Figure 41-Figure 45) is one of the 

strangest of all mosses.  It lacks any leafy stem at all 
(Figure 41).  Its archegonia and antheridia arise directly 
from the protonema.  Hence, its capsules (Figure 43) arise 
directly from this persistent protonema (Figure 41).  They 
all tend to orient in the same direction (Taylor 1972), most 
likely in response to the predominant direction of light.  Its 
capsules, although possessing teeth (Figure 44), more 
typically split across their broad, flattened surface, hence 
exposing the spores (Figure 45) (Koch et al. 2009).  Koch 
and coworkers demonstrated that in Buxbaumia viridis 
(Figure 41) this capsule surface is covered with "massive" 
wax layers that have embedded and superimposed platelets 
and granules on them.  When these waxy layers peel back, 
the epidermis peels with them. 
 

 
Figure 41.  Buxbaumia viridis sporophyte and protonema.  

Photo by Bernd Haynold, through Wikimedia Commons. 

 
The Buxbaumia capsule interior is chambered and 

spongy, somewhat like a spongy mesophyll of 
Magnoliophyta.  It typically occurs with tiny, black leafy 
liverworts such as Cephalozia (Figure 46).  Campbell 
(1918) had considered this moss to be saprophytic, 
exhibiting almost no chlorophyll, but Mueller (1975) 
demonstrated dense chlorophyll in the protonema and 
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ALTRE POLYTHRICHOPSIDA
• Includono la famiglia BUXBAUMIACEAE con 

specie con caratteristiche peculiari quali, 
mancanza di fusti fogliosi, anteridi e archegonia 
che si sviluppano direttamente dal protonema, 
che è persistente, e di conseguenza anche lo 
sporofito si forma sul protonema. Capsule con 
denti ma che si aprono formando un’apertura.

• L’interno della capsula di  Buxbaumia è divisa in 
camere spugnose, simile al mesofillo spugnoso
delle Magnoliophyta. In natura è tipicamente
associate a epatiche fogliose nerastre quali
Cephalozia (Figure 46). 

•
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considered that to be the primary photosynthetic organ, one 
that persists throughout the life of the moss.  The 
protonema is not a good competitor, so you can find it after 
forest fires, on soil banks, on roadsides, and other places 
that are not very hospitable to plants that could easily 
overgrow the photosynthetic protonemata.  The capsule 
(Figure 41-Figure 43) is rather unusual, with its broad, 
flattened side and a rounded side.  This strange shape has 
earned it a number of common names, including 
humpbacked elves, elf-cap moss, Aladdin's lamp, and bug 
on a stick. 
 

 
Figure 42.  Buxbaumia aphylla on a soil bank with all 

capsules pointing the same direction.  It has been suggested that 
common habit is advantageous to maximize light absorption by 
the photosynthetic capsule.  Photo by Janice Glime. 

 

 
Figure 43.  Unopened capsule of Buxbaumia aphylla, 

illustrating the flat side with a beaked operculum that has earned it 
the common names of bug-on-a-stick and Aladdin's lamp moss.  
Note the absence of a leafy gametophyte.  Photo by Michael Lüth, 
with permission. 

 
Figure 44.  Buxbaumia piperi capsule showing diminished 

peristome teeth.  Photo from botany website at the University of 
British Columbia, with permission. 

 

 
Figure 45.  Buxbaumia aphylla (Class Polytrichopsida) 

showing flat side of capsule peeled back to expose the spores and 
spongy interior.  Photo by Janice Glime. 

  

 
Figure 46.  Cephalozia bicuspidata, member of a genus of 

tiny liverworts that often occur with Buxbaumia aphylla.  Photo 
by Kristian Peters, through Wikimedia Commons. 
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forest fires, on soil banks, on roadsides, and other places 
that are not very hospitable to plants that could easily 
overgrow the photosynthetic protonemata.  The capsule 
(Figure 41-Figure 43) is rather unusual, with its broad, 
flattened side and a rounded side.  This strange shape has 
earned it a number of common names, including 
humpbacked elves, elf-cap moss, Aladdin's lamp, and bug 
on a stick. 
 

 
Figure 42.  Buxbaumia aphylla on a soil bank with all 

capsules pointing the same direction.  It has been suggested that 
common habit is advantageous to maximize light absorption by 
the photosynthetic capsule.  Photo by Janice Glime. 

 

 
Figure 43.  Unopened capsule of Buxbaumia aphylla, 

illustrating the flat side with a beaked operculum that has earned it 
the common names of bug-on-a-stick and Aladdin's lamp moss.  
Note the absence of a leafy gametophyte.  Photo by Michael Lüth, 
with permission. 

 
Figure 44.  Buxbaumia piperi capsule showing diminished 

peristome teeth.  Photo from botany website at the University of 
British Columbia, with permission. 

 

 
Figure 45.  Buxbaumia aphylla (Class Polytrichopsida) 

showing flat side of capsule peeled back to expose the spores and 
spongy interior.  Photo by Janice Glime. 

  

 
Figure 46.  Cephalozia bicuspidata, member of a genus of 

tiny liverworts that often occur with Buxbaumia aphylla.  Photo 
by Kristian Peters, through Wikimedia Commons. 
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In Buxbaumia aphylla, Hancock and Brassard (1974a) 
found that almost all elements that occurred in the 
protonema also occurred in the sporophyte, suggesting they 
were transported internally.  Hancock (1973) also 
suggested that its protonemata were perennial.  In northern 
climates, this is advantageous because the capsules are very 
susceptible to mortality from sudden early frosts.  
Normally, the capsules form in fall and overwinter as green 
capsules (Hancock & Brassard 1974b).  They complete 
development and disperse their spores early in spring, then 
disappear. 

Diphysciaceae 
Diphyscium (Figure 47-Figure 54) is distributed 

mostly in the northern hemisphere (Milne & Klazenga 
2012).  Its three genera have been reduced to one 
(Magombo 2002; Goffinet 2012), which has an 
asymmetrical capsule (Figure 51-Figure 54) of similar 
shape to that of Buxbaumia and lacks a leafy female stem 
except for perichaetial leaves (Figure 54), but the male 
plant of this genus has large, strap-shaped leaves and leads 
an independent and separate existence (Figure 47-Figure 
50).  The capsule opening is quite small and the teeth 
extrude like a wisp of hairs (Figure 54).  The perichaetial 
leaves are unusual, having a long, excurrent costa and often 
being fimbriate on the margins (Figure 53-Figure 54).  As 
in Buxbaumia, the capsule shape is responsible for several 
common names – nut moss, powder gun moss, grain of 
wheat moss.  It shares the phototropic behavior of 
Buxbaumia by having its capsules all oriented in one 
direction with their flat sides facing the direction of the 
light (Figure 51-Figure 53). 
 

 
Figure 47.  Male plant of Diphyscium foliosum showing 

strap-shaped leaves.  Photo by Hermann Schachner, through 
Creative Commons. 

 
Figure 48.  Leaf of male plant of Diphyscium foliosum 

showing weak costa and rows of cells.    Photo by Hermann 
Schachner, through Creative Commons. 

 
Figure 49.  Male plant of Diphyscium foliosum showing 

antheridia.  Photo modified from botany website and University 
of British Columbia, with permission. 

 
Figure 50.  Cross section of leaf of male plant of Diphyscium 

foliosum showing multiple layers and extensive papillae.    Photo 
by Hermann Schachner, through Creative Commons. 

 
Figure 51.  Diphyscium foliosum female plants with young 

sessile capsules  surrounded by perichaetial leaves.  These are 
clumped here among male plants with green, strap-shaped leaves.  
Photo by Janice Glime. 

ALTRE 
POLYTHRICHOPSIDA
• Includono la famiglia DIPHYSCIACEAE
• Diphyscium è presente per la maggior parte

nell’emisfero nord. I suoi tre generi sono stati
recentemente ridotti ad uno solo, questo presenta una
capsula asimmetrica (Figure 51- 53 - 54) simile a 
quella di Buxbaumia e mancante di un fusto foglioso
femminile eccetto per le foglie pericheziali (Figura
54), la piante maschile invece presenta foglie grandi e 
nastriformi (Figure 47- 48 - 51). L’apertura della
capsula è molto piccola ed i denti ne sporgono come 
un ciuffo di capelli (Figura 54). Le foglie pericheziali
sono insolite, presentando una lunga costa escorrente
e spesso sono fimbriate ai margini (Figure  53-54). 

•



ALTRE POLYTHRICHOPSIDA -

DIPHYSCIACEAE
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Figure 52.  Upper:  Diphyscium foliosum female plants with 

young sessile capsules among male plants.  Photo by Janice 
Glime.  Lower:  Mature female Diphyscium foliosum plants with 
capsules showing peristome teeth.  Photo by Michael Lüth, with 
permission. 
 

 

Figure 53.  Capsules and perichaetial leaves of Diphyscium 
foliosum.  Photo by Michael Lüth, with permission. 
 

 
Figure 54.  Diphyscium foliosum female plant with 

perichaetial leaves and capsule showing small opening and 
peristome teeth.  Photo by Jan-Peter Frahm, with permission. 

 

Summary 
Bryophyta can be considered to have six classes:  

Takakiopsida, Sphagnopsida, Andreaeopsida, 
Andreaeobryopsida, Polytrichopsida, and Bryopsida, 
differing most consistently in capsule structure.  
Gametophores of Andreaeopsida, 
Andreaeobryopsida, and Polytrichopsida produce 
archegonia and/or antheridia at the apex and the 
embryo develops within the archegonium.  

Sporophytes remain attached to the gametophyte 
and produce spores by meiosis.  These classes, and all 
Bryophyta, produce spores from the sporophyte only 
once. 

Takakiopsida, Andreaeopsida, and 
Andreaeobryopsida have capsules that split into 
valves, but lack elaters.  Sphagnopsida lacks valves 
and has an operculum that is shed at dispersal time, but 
lacks peristome teeth.  In capsules of Polytrichopsida 
and Bryopsida, an operculum usually covers 
peristome teeth that often aid dispersal, contrasting 
with liverworts wherein the capsule splits into four 
valves with elaters that possibly facilitate spore 
movement.  Polytrichopsida have nematodontous 
peristome teeth; Bryopsida have arthrodontous 
peristome teeth.  All other classes of Bryobiotina lack 
peristomes.  Andreaeobryopsida is dioicous (two 
sexes on separate plants) and possesses a seta (stalk of 
capsule), whereas Andreaeopsida is monoicous (both 
sexes on same plant) and lacks a seta. 
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Punti principali
Le Bryophyta presentano sei classi: Takakiopsida, Sphagnopsida, Andreaeopsida, 
Andreaeobryopsida, Polytrichopsida, e Bryopsida, che differiscono nella struttura della
capsula.
I gametofori di Andreaeopsida, Andreaeobryopsida, e Polytrichopsida producono archegoni
e/o anteridi all’apice e l’embrione si sviluppa all’interno dell’archegonio. 
Gli sporofiti restano attaccati al gametofito e producono spore per meiosi. Queste classi, e  tutte le 
Bryophyta, producono spore dallo sporofito solo una volta.

Takakiopsida, Andreaeopsida, e Andreaeobryopsida presentano capsule che si dividono in 
valve, ma mancano di elateri. Le Sphagnopsida non presentano valve e hanno un opercolo che è
rilasciato al momento del rilascio delle spore, mancano di denti del peristoma. Nelle capsule di 
Polytrichopsida e Bryopsida, un opercolo generalmente copre i denti del peristoma che spesso
aiutano nel rilascio delle spore, in contrasto con ciò che avviene nelle epatiche laddove la capsula si
divide in quattro valve con elateri che facilitano il movimento delle spore. 

Le Polytrichopsida presentano denti del peristoma nematodonti; le Bryopsida hanno i denti del 
peristoma artrodonti. Tutte le altre classi di Bryobiotina non presentano peristomi. Le 
Andreaeobryopsida sono dioiche (anteridi e archegoni su individui distinti) e posseggono una
seta (stelo della capsula), laddove le Andreaeopsida sono monoiche (anteridi e archegoni sullo
stesso individuo) e non presentano una seta. 


