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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
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Figure 1.  Symphogyna podophylla (Phylum Marchantiophyta, Class Jungermanniopsida, subclass Metzgeriidae) in New 

Zealand, showing dorsiventral orientation of the thallus and dependent sporophyte.  Photo by Janice Glime. 

 

Distinguishing Marchantiophyta 
Both the leafy and thallose liverworts are placed in the 

phylum Marchantiophyta (variously known as 
Hepatophyta, Jungermanniophyta, Hepaticae, and 
Hepaticopsida), an often inconspicuous group with about 
5000 species (Gradstein et al. 2001), or as Crum (1991) put 
it, up to 10,000, "depending on who says it and when," 
because so many species names described from different 
parts of the world have proved to be synonyms.   

Because of the long tradition of considering these to be 
bryophytes, liverworts (and hornworts) are still lumped into 
that group for a vernacular name instead of creating a new 
name that is unfamiliar to everyone.  As a phylum, 
Marchantiophyta are distinguished from the phylum 
Bryophyta by their dorsi-ventral orientation (Figure 1, 
Figure 12), unicellular rhizoids (Figure 2), inoperculate 
capsules [i.e. lacking a lid (Figure 3), although there are a 
few exceptions], absence of a columella in the center of 
the capsule (Figure 4), and no stomata in the capsule.  
They possess a seta (stalk on the capsule), as do mosses, 
but it elongates after development of the capsule (Figure 
11-Figure 12), whereas in mosses it elongates first, then 
develops the capsule.  The spores, as in mosses, are all 
produced simultaneously by meiosis (Figure 5).  The 

capsule, unlike that of most mosses, dehisces typically by 
splitting into four valves (Figure 6), but not in the class 
Marchantiopsida, revealing spores mixed with elaters 
(thickened elongate cells with spiral wall thickenings that 
twist in response to drying; Figure 6-Figure 7).   
 

 
Figure 2.  Fossombronia rhizoids.  Note that these rhizoids 

are unicellular, and the ones in this genus are purple by nature.  
Photo by Paul Davison, with permission. 

Il phylum (Divisio) Marchantiophyta
(denominato anche Hepatophyta, 
Jungermanniophyta, Hepaticae, e 
Hepaticopsida), comprende ca. 5000 specie 
secondo alcuni autori, secondo altri 10,000 a 
causa dell’enorme numero di sinonimi
riscontrati tra specie descritte in diversi
continenti. Le Marchantiophyta si
distinguono dalle Bryophyta per la loro
orientazione dorso-ventrale (Figura 1), 
rizoidi unicellulari (Figura 2), capsule 
senza opercolo (Figura 3), con alcune
eccezioni, assenza di una columella al centro
della capsula (Figura 4), e mancanza di stomi
nella capsula. Presentano una seta come i
muschi, ma questa si allunga dopo lo sviluppo
della capsula (Figure 11 e 12), laddove nei
muschi l’allungamento avviene prima dello
sviluppo della capsula. Le spore, cosí come nei
muschi; sono tutte prodotte simultaneamente
per meiosi (Figura 5). La capsula, diversamente
da ciò che avviene nella maggior parte dei

muschi, si apre tipicamente per divisione in quattro valve (Figura 6), 
escluso nella classe Marchantiopsida, rivelando spore mescolate con 
elateri (cellule allungate con pareti con ispessimenti spiralati che si
ripiegano in risposta all’essiccamento; Figure 6 e 7).
In Italia:  289 specie (ripartite in 86 generi e 42 famiglie), in 
comparazione alle 851 specie di muschi (ripartite in 210 generi e 55 
famiglie).
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Figure 3.  Marchantia polymorpha archegonial head 

showing inoperculate capsule in lower right.  Photo by George 
Shepherd through Creative Commons. 

 
Figure 4.  Capsule, lacking cell wall, of Marchantia 

polymorpha.  Photo from Michigan State University Botany 
Department teaching collection, with permission. 
 

 
Figure 5.  Marchantia polymorpha spore tetrads and one 

elater (upper) before spiral thickenings form.  Photo from botany 
teaching collection at Michigan State University, with permission. 

Elaters 
Elaters are notably absent in the thallose liverworts 

Ricciaceae and Sphaerocarpales (Sphaerocarpos, Riella), 
although sterile cells exist in the latter.  Elaters respond to 
changing moisture conditions, most likely rather suddenly 
upon the first splitting of the capsule, and twist and turn 
among the spores as they dry.  When the capsule opens, the 
elaters are filled with water, but as the capsule dries, so do 
the elaters.  This causes the thin areas of the elaters to be 
pulled inward, distorting them.  As the space between the 
thickenings is pulled in, the spirals tighten until the entire 
elater becomes a tight, twisted helix.  Physical forces keep 
trying to untwist them, but adhesion of water inside the 
elater cell wall resists this extension, creating tension.  
When the tension of the water column finally breaks, the 
elater extends to its original shape so violently that it 
springs free of the capsule, scattering spores as it does so.  
The pressure in the cellular water just prior to its release 
can be as high as 200-300 atmospheres in Lophozia (Figure 
8).  In the tiny Cephaloziella (Figure 9), spores can travel 
up to 4-5 cm (Douin 1914 in Schuster 1966) and in 
Tritomaria quinquedentata about 2.5 cm (Meylan in 
Schuster 1966). 
 

 
Figure 6.  Open valvate capsule of the leafy liverwort 

Frullania kagoshimensis (Class Jungermanniopsida) showing 
spores and elaters and no columella.  Photo by Zen Iwatsuki, with 
permission. 

 

 
Figure 7.  Spores and elaters with spiral thickenings from 

Marchantia polymorpha (Marchantiopsida).  Photo from botany 
teaching collection at Michigan State University, with permission. 
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Figure 8.  Cephaloziella hampeana with closed (black) and 

open (brown) capsules, a genus in which spores can travel 4-5 cm.  
Photo by David T. Holyoak, with permission. 
 

 
Figure 9.  Lophozia incisa with capsules, a species whose 

capsules open after building up pressure of 200-300 atmospheres.  
Photo by Tab Tannery, through Creative Commons. 

In the leafy liverwort Frullania dilatata 
(Jungermanniopsida), elaters attach to the capsule wall at 
both ends (Schuster 1966).  When the capsule opens, the 
elaters are stretched, creating tension.  Most likely further 
drying contributes to the tension until the inner ends 
suddenly release (see Figure 6), providing a springboard 
from which spores are catapulted 1-2 cm above and out of 
the capsule.  However, Schuster felt that most of the 
contribution of the elaters in this case is to loosen the spore 
mass. 

In Marchantia (Figure 10), elaters twist and untwist, 
based on moisture changes.  The capsules do not open 
along four distinct lines of dehiscence (compare Figure 10 
to Figure 14), but rather open irregularly into short lobes 
that bend back.  Elaters twist as they dry and become 
entangled (Figure 10).  When an elater becomes free of the 
others, it does so with a sudden movement that throws 
spores from the capsule, although the elater generally 
remains (Ingold 1939 in Schuster 1966).  In other 
liverworts, such as Pellia (Figure 11-Figure 13), the spiral 
thickenings are not so thick and the movements are too 

subtle to accomplish much dispersal (Schuster 1966).  
Rather, release of pressure at the time of dehiscence seems 
to be responsible for at least some dispersal.  However, 
even the subtle movement of elaters may serve to loosen 
spores from each other, making dispersal easier when 
something disturbs the stalk and capsule (Figure 14).  (See 
chapter on dispersal.) 
 

 
Figure 10.  Marchantia polymorpha archegoniophore 

showing unopened capsule on right and open capsule on left with 
elaters emerging.  Photo by George Shepherd through Creative 
Commons. 
 

 
Figure 11.  Pellia epiphylla (Jungermanniopsida) with 

young capsule emerging from perianth, before seta elongation.  
Photo through Biopix, through Creative Commons. 

 

 
Figure 12.  Pellia epiphylla (Jungermanniopsida) with 

capsules on elongated setae, from southern Europe.  Photo by 
Michael Lüth, with permission. 
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Le Marchantiophyta si suddividono in due classi; Marchantiopsida
(principalmente tallose) e Jungermanniopsida, a loro volta suddivise
nelle sottoclassi Metzgeriidae (perlopiú tallose; Figura 41), e 
Jungermanniidae (perlopiú fogliose; Figure 47 e 48). 
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Metzgeriidae 
Plants in the subclass Metzgeriidae (Figure 41-Figure 

45) are thalloid or ribbon-like, except that some members 
of Fossombronia (Figure 44) appear leafy, while having 
only one initial cell instead of 2-3 as in other members 
(Renzaglia 1982).  But despite their thalloid nature, other 
features seem to place the Metzgeriidae within the 
Jungermanniopsida.  They lack true dichotomous forking 
(although pseudodichotomies occur), and their tissues are 
solid, lacking internal air spaces.  They also lack dorsal 
pores and ventral scales, and the rhizoids are all smooth, 
and never in clumps as in Jungermanniidae.  Cells often 
have oil bodies (Figure 49), although these disappear upon 
drying.   
 

 
Figure 41.  Thallose liverwort Metzgeria conjugata in the 

Class Jungermanniopsida, subclass Metzgeriidae.  Photo by 
Michael Lüth, with permission. 
 

 
 Figure 42.  Metzgeria furcata thallus cross section.  Photo 

by Ralf Wagner <www.dr-ralf-wagner.de>, with permission. 

 

 
Figure 43.  Neotropical Metzgeria.  Photo by Michael Lüth, 

with permission. 

 

 

Figure 44.  Fossombronia husnotii, a "leafy" liverwort in the 
Jungermanniopsida, subclass Metzgeriidae.  Some members of 
this genus appear thallose (but ruffled), and their single apical 
initial and developmental pattern suggest a transition between the 
two growth types within the Jungermanniopsida.  Photo by 
Michael Lüth, with permission. 

 
 

 

Figure 45.  Pellia, a thalloid liverwort in the class Jungermanniopsida, subclass Metzgeriidae.  Note the watery, colorless setae 
with the globose, inoperculate capsules.  a:  undehisced capsules and setae.  b:  capsule splitting into four valves.  c:  dehisced capsules 
showing four valves.  d:  dehisced capsule (left) looking fuzzy due to elaters and undehisced capsule (right).  Photos a, c, & d by Janice 
Glime.  Photo b by Michael Lüth, with permission. 
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Figure 46.  Cyathodium spruceanum (Marchantiopsida).  Left:  male plants; R = male receptacles.  Right:  female plants; ES = 

sporophytes; arrows = involucres.  Photos courtesy of Noris Salazar Allen. 

Jungermanniidae 
Members of the subclass Jungermanniidae are leafy 

and usually branching.  These are the leafy liverworts.  
They often have reduced underleaves (Figure 47) that at 
least in some cases can develop into a third row of normal 
leaves if the plant is supplied with an ethylene inhibitor 
(Basile & Basile 1983).  The leaves are never more than 
one cell thick, never have a costa or rib, and unlike the 
mosses, are often toothed or lobed (Figure 48).  The leaves 
typically have oil bodies (Figure 49), membrane-bound, 
terpene-containing organelles unique to liverworts, in all 
their cells, although these usually disappear upon drying. 
 
 
 
 

 
Figure 47.  Calypogeia integristipula (Class 

Jungermanniopsida) showing the dorsiventral orientation of the 
plant and the underleaves.  Photo by Michael Lüth, with 
permission.. 

 
 
 
 

 
 

 
Figure 48.  Bazzania trilobata, a leafy liverwort in the Class 

Jungermanniopsida.  Note the two-ranked leaves and top-bottom 
(dorsi-ventral) orientation.  Photos by Janice Glime. 
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Figure 48.  Bazzania trilobata, a leafy liverwort in the Class 
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(dorsi-ventral) orientation.  Photos by Janice Glime. 



Classe Marchantiopsida (principalmente tallose)
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Figure 13.  Pellia epiphylla (Jungermanniopsida) with 

capsule wall peeled back and elaters exposed.  Photo by Malcolm 
Storey from <www.discoverlife.org>, through Creative 
Commons. 
 

 
Figure 14.  Noteroclada confluens (Jungermanniopsida) 

elaters and spores.  Photo by George Shepherd through Creative 
Commons. 

Leafy or Thallose? 

The Marchantiophyta can be divided into two classes 
(Figure 40), the Marchantiopsida (thallose liverworts; 
Figure 15 & Figure 18) and Jungermanniopsida, the latter 
with two subclasses, the Metzgeriidae (mostly thallose 
liverworts; Figure 41), and the Jungermanniidae (mostly 
leafy liverworts; Figure 47 & Figure 48).  One could argue 
that these two classes should actually be separate phyla 
(Bopp & Capesius 1996), but most modern systematists 
disagree (Crandall-Stotler & Stotler 2000).  Based on 18S 
rRNA genes for all bryophytes tested, the 
Marchantiopsida are clearly separated from the 
Jungermanniopsida, but the latter are in the same clade as 
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Figure 15.  Preissia quadrata (Marchantiopsida), a thallose 

liverwort, showing antheridiophores.  Photo by Janice Glime. 

Class Marchantiopsida 
Thallus Construction 

The Marchantiopsida possess a thallus that is 
dichotomously forked (Figure 12) and generally has pores 
(Figure 16-Figure 18).  The thallus is several cells thick  
and the upper (dorsal) tissue is loose, resulting from 
internal air spaces (Figure 18-Figure 20).  The lower 
(ventral) surface usually has two kinds of rhizoids (Figure 
19, Figure 21-Figure 22), smooth ones and those with 
"pegs" (protrusions inward from the cell wall), and usually 
has scales (Figure 22).  The capsule dehisces irregularly 
(Figure 13), or less commonly by means of an operculum 
of thin-walled cells, as in Cyathodium. 
 

 
Figure 16.  Marchantia chenopoda pores.  Photo by George 

Shepherd through Creative Commons. 

 
Figure 17.  Marchantia chenopoda pores.  Photo by George 

Shepherd through Creative Commons. 
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Figure 23.  Reproductive structures of Ricciocarpos natans (Class Marchantiopsida).  Left:  Antheridium imbedded in thallus.  

Middle:  Archegonium imbedded in thallus.  Right:  Spore tetrads (following meiosis) in sporophyte imbedded within the thallus and 
still within the archegonial wall.  Photos modified from Triarch. 

 

 
Figure 24.  Marchantia polymorpha archegoniophores.  

Photo by Janice Glime. 

 

 
Figure 25.  Marchantia polymorpha archegoniophore 

showing scales and rhizoids along the stalk.  Photo by Janice 
Glime. 

 
Figure 26.  Antheridiophores of Marchantia polymorpha 

elongating.  Photo by Des Callaghan, with permission. 

 

 
Figure 27.  Antheridiophores and developing 

archegoniophores on thalli of Marchantia polymorpha.  Note 
the "button" heads just beginning on some thalli.  Photo by Bob 
Klips, with permission. 



Classe Marchantiopsida (principalmente tallose)
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Figure 39.  Life cycle of Marchantia polymorpha, showing dominance of the gametophyte generation.  Photos by Janice Glime, 

photomicrographs from botany teaching collection of Michigan State University, and spore and elater modified from photo by Noris 
Salazar Allen. 

Ciclo vitale



Classe Jungermanniopsida
SubClass Metzeriidae

Principalmente talloidi con eccezione del genere 
Fossombronia
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Metzgeriidae 
Plants in the subclass Metzgeriidae (Figure 41-Figure 

45) are thalloid or ribbon-like, except that some members 
of Fossombronia (Figure 44) appear leafy, while having 
only one initial cell instead of 2-3 as in other members 
(Renzaglia 1982).  But despite their thalloid nature, other 
features seem to place the Metzgeriidae within the 
Jungermanniopsida.  They lack true dichotomous forking 
(although pseudodichotomies occur), and their tissues are 
solid, lacking internal air spaces.  They also lack dorsal 
pores and ventral scales, and the rhizoids are all smooth, 
and never in clumps as in Jungermanniidae.  Cells often 
have oil bodies (Figure 49), although these disappear upon 
drying.   
 

 
Figure 41.  Thallose liverwort Metzgeria conjugata in the 

Class Jungermanniopsida, subclass Metzgeriidae.  Photo by 
Michael Lüth, with permission. 
 

 
 Figure 42.  Metzgeria furcata thallus cross section.  Photo 

by Ralf Wagner <www.dr-ralf-wagner.de>, with permission. 

 

 
Figure 43.  Neotropical Metzgeria.  Photo by Michael Lüth, 

with permission. 

 

 

Figure 44.  Fossombronia husnotii, a "leafy" liverwort in the 
Jungermanniopsida, subclass Metzgeriidae.  Some members of 
this genus appear thallose (but ruffled), and their single apical 
initial and developmental pattern suggest a transition between the 
two growth types within the Jungermanniopsida.  Photo by 
Michael Lüth, with permission. 

 
 

 

Figure 45.  Pellia, a thalloid liverwort in the class Jungermanniopsida, subclass Metzgeriidae.  Note the watery, colorless setae 
with the globose, inoperculate capsules.  a:  undehisced capsules and setae.  b:  capsule splitting into four valves.  c:  dehisced capsules 
showing four valves.  d:  dehisced capsule (left) looking fuzzy due to elaters and undehisced capsule (right).  Photos a, c, & d by Janice 
Glime.  Photo b by Michael Lüth, with permission. 
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Classe Jungermanniopsida
SubClass Jungermanniidae

Principalmente fogliose. Presentano
spesso delle foglie inferiori ridotte
(amfigastri, figura 47 “underleaf).

14  Chapter 2-3:  Marchantiophyta 

 
Figure 46.  Cyathodium spruceanum (Marchantiopsida).  Left:  male plants; R = male receptacles.  Right:  female plants; ES = 

sporophytes; arrows = involucres.  Photos courtesy of Noris Salazar Allen. 

Jungermanniidae 
Members of the subclass Jungermanniidae are leafy 

and usually branching.  These are the leafy liverworts.  
They often have reduced underleaves (Figure 47) that at 
least in some cases can develop into a third row of normal 
leaves if the plant is supplied with an ethylene inhibitor 
(Basile & Basile 1983).  The leaves are never more than 
one cell thick, never have a costa or rib, and unlike the 
mosses, are often toothed or lobed (Figure 48).  The leaves 
typically have oil bodies (Figure 49), membrane-bound, 
terpene-containing organelles unique to liverworts, in all 
their cells, although these usually disappear upon drying. 
 
 
 
 

 
Figure 47.  Calypogeia integristipula (Class 

Jungermanniopsida) showing the dorsiventral orientation of the 
plant and the underleaves.  Photo by Michael Lüth, with 
permission.. 

 
 
 
 

 
 

 
Figure 48.  Bazzania trilobata, a leafy liverwort in the Class 

Jungermanniopsida.  Note the two-ranked leaves and top-bottom 
(dorsi-ventral) orientation.  Photos by Janice Glime. 



Classe Jungermanniopsida
SubClass Jungermanniidae

I fillidi hanno spessore di una cellula; non 
presentano una costa, a differenza dei muschi, e 
sono spesso dentati o lobati (Figura 48). 
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Figure 46.  Cyathodium spruceanum (Marchantiopsida).  Left:  male plants; R = male receptacles.  Right:  female plants; ES = 

sporophytes; arrows = involucres.  Photos courtesy of Noris Salazar Allen. 

Jungermanniidae 
Members of the subclass Jungermanniidae are leafy 

and usually branching.  These are the leafy liverworts.  
They often have reduced underleaves (Figure 47) that at 
least in some cases can develop into a third row of normal 
leaves if the plant is supplied with an ethylene inhibitor 
(Basile & Basile 1983).  The leaves are never more than 
one cell thick, never have a costa or rib, and unlike the 
mosses, are often toothed or lobed (Figure 48).  The leaves 
typically have oil bodies (Figure 49), membrane-bound, 
terpene-containing organelles unique to liverworts, in all 
their cells, although these usually disappear upon drying. 
 
 
 
 

 
Figure 47.  Calypogeia integristipula (Class 

Jungermanniopsida) showing the dorsiventral orientation of the 
plant and the underleaves.  Photo by Michael Lüth, with 
permission.. 

 
 
 
 

 
 

 
Figure 48.  Bazzania trilobata, a leafy liverwort in the Class 

Jungermanniopsida.  Note the two-ranked leaves and top-bottom 
(dorsi-ventral) orientation.  Photos by Janice Glime. 

14  Chapter 2-3:  Marchantiophyta 

 
Figure 46.  Cyathodium spruceanum (Marchantiopsida).  Left:  male plants; R = male receptacles.  Right:  female plants; ES = 

sporophytes; arrows = involucres.  Photos courtesy of Noris Salazar Allen. 

Jungermanniidae 
Members of the subclass Jungermanniidae are leafy 

and usually branching.  These are the leafy liverworts.  
They often have reduced underleaves (Figure 47) that at 
least in some cases can develop into a third row of normal 
leaves if the plant is supplied with an ethylene inhibitor 
(Basile & Basile 1983).  The leaves are never more than 
one cell thick, never have a costa or rib, and unlike the 
mosses, are often toothed or lobed (Figure 48).  The leaves 
typically have oil bodies (Figure 49), membrane-bound, 
terpene-containing organelles unique to liverworts, in all 
their cells, although these usually disappear upon drying. 
 
 
 
 

 
Figure 47.  Calypogeia integristipula (Class 

Jungermanniopsida) showing the dorsiventral orientation of the 
plant and the underleaves.  Photo by Michael Lüth, with 
permission.. 

 
 
 
 

 
 

 
Figure 48.  Bazzania trilobata, a leafy liverwort in the Class 

Jungermanniopsida.  Note the two-ranked leaves and top-bottom 
(dorsi-ventral) orientation.  Photos by Janice Glime. 



Classe Jungermanniopsida
SubClass Jungermanniidae

Le foglie tipicamente presentano
dei corpi oleosi (oil bodies, 
figura 49), organelli delimitati da 
una membrane contenenti
terpene e peculiari delle
epatiche.
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Figure 49.  Leaf cells of the leafy liverwort Frullania 

davarica (Jungermanniopsida).  Note the oil bodies resembling 
bunches of grapes and the numerous small chloroplasts clumped 
around the periphery of cells.  Cell walls also have trigones 
(swellings in the walls).  Photo by Zen Iwatsuki, with permission. 

In the leafy liverworts, the leaf may be folded to create 
a pocket or pouch (lobule; Figure 50), usually on the lower 
side, but the smaller lobe may occur on the upper side in 
such genera as Scapania (Figure 51).  Rhizoids, unlike 
those in the Metzgeriidae, usually occur in clumps at bases 
of underleaves (Figure 52).   
 

 
Figure 50.  Frullania dilatata (Class Jungermanniopsida), 

a leafy liverwort showing the ventral (under) side of the stem with 
hood-shaped lobules under each leaf and underleaves on the stem.  
Photo by Michael Lüth, with permission. 

 
Figure 51.  Scapania gracilis showing leaves folded up to 

the dorsal side.  Photo by Jan-Peter Frahm, with permission. 

 
Figure 52.  Chiloscyphus polyanthus with a clump of 

rhizoids at the base of the underleaf.  Photo by Paul Davison, with 
permission. 

In all the bryophyte phyla, the spore is a meiospore 
(produced by meiosis and therefore 1n; Figure 53-Figure 
55).  These structures can be variously decorated and their 
size and decorations can contribute to their dispersal 
ability.  Germination (Figure 55) in liverworts is apparently 
inhibited inside the capsule, thus occurring only after 
capsule dehiscence (splitting apart) and spore dispersal 
(Figure 56-Figure 58).   
 

 
Figure 53.  Porella navicularis capsule with meiospores and 

elaters.  Photo from University of British Columbia website, with 
permission. 



Classe Jungermanniopsida
SubClass Jungermanniidae

In questa sottoclasse la foglia può essere ripegata
per formare una tasca o sacca, (lobulo; Figura 50 
genere Frullania), di solito sul lato inferiore, ma 
può essere presente invece sul lato superiore in 
generi quali Scapania (Figura 51). 
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Classe
Jungermanniopsida
SubClass
Jungermanniidae

I rizoidi sono
generalmente riuniti a 
gruppo alla base delle
foglie inferiori
(amfigastri), 
diversamente da ciò che
avviene nelle
Metzgeriidae (Figura
52). 
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Classe
Jungermanniopsida
SubClass
Jungermanniidae

Capsula (Figura 56). 
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Figure 54.  Noteroclada confluens (Metzgeriidae) 

meiospores and elaters.  Photo by George Shepherd, through 
Creative Commons. 
 

 
Figure 55.  Fossombronia angulosa protonema emerging 

from spore.  Photo by Plant Actions through Eugenia Ron 
Alvarez, with permission. 

 
Figure 56.  Lophocolea capsule.  Photo by George Shepherd, 

through Creative Commons. 

 
Figure 57.  Lophocolea capsule dehiscing.  Photo by George 

Shepherd, through Creative Commons. 

 

 
Figure 58.  Lophocolea capsule fully open into four valves.  

Photo by George Shepherd, through Creative Commons. 

 
The spore, once finding a suitable condition of 

moisture and lighting, germinates (Figure 55-Figure 60).  
Here, the liverwort sporeling differs from that of most 
mosses.  In liverworts the protonema is variable, even 
within orders, with the protonema ranging from 
filamentous to thalloid, but mostly forming only a few 
cells (Figure 63-Figure 60).   

In the leafy liverworts Frullania moniliata and 
Drepanolejeunea, as in all Porellales, the protonema is 
formed within the spore (endosporic); in Cephalozia 
otaruensis it is an ectosporic filamentous protonema; in 
most of the liverworts it is ectosporic (developing outside 
the spore) and thalloid (Figure 60-Figure 64) (Nehira 
1966).   

Liverworts differ markedly from mosses not only in 
most species having a thalloid rather than filamentous 
protonema (exceptions in some Cephaloziaceae), but in 
producing only one upright plant per protonema.  
Furthermore, unlike many mosses, they never produce 
protonemal gemmae or other protonemal propagules 
(Schofield 1985) and rarely reproduce by fragments (Crum 
2001).  [See Glime (1970) for a new plant produced by a 
fragment in Scapania undulata (Figure 65)].  Nevertheless, 
in all bryophytes the sporeling is quite different in structure 
and appearance from the mature gametophyte that will 
develop from it.   



Classe Jungermanniopsida
SubClass Jungermanniidae

Lophocolea cuspidata (Figura 73). 

 Chapter 2-3:  Marchantiophyta 2-3-19 

 

Figure 72.  Porella sp. branch showing location of 
antheridia.  Photo by Paul Davison, with permission. 

 

 

Figure 73.  Lophocolea cuspidata in its log habitat.  Photo 
from Botany 321 at University of British Columbia website, with 
permission. 
 

 

Figure 74.  Jungermannia evansii archegonia at leaf base.  
Photo by Paul Davison, with permission. 

 
Figure 75.  Lophocolea cuspidata archegonia.   Photo from 

Botany 321 at University of British Columbia, website, with 
permission. 

 
Figure 76.  Porella archegonia in perianth.  Photo by Paul 

Davison, with permission. 

 
Figure 77.  Porella navicularis archegonium. Photo by 

Jannah Nelson through Botany 321, University of British 
Columbia website, with permission. 



Classe Jungermanniopsida
SubClass Jungermanniidae

Frullania sp.(Figura 81). 
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Figure 78.  Pellia epiphylla archegonium.  Photo by Plant 

Actions through Eugenia Ron Alvarez, with permission. 

Mucilage filaments usually occur among the gametangia 
(Schofield 1985), presumably helping them to retain water 
and to help squeeze the antheridia when it is time for sperm 
to emerge. 

Once reaching a female plant, the biflagellate sperm 
presumably swim, in all cases, to the archegonium.  In 
some genera, for example the thallose Aneura 
(Marchantiopsida), it may take several hours for the 
sperm to travel a mere 10 mm (Showalter 1925 in Walton 
1943).  In fact, in many taxa, it is the spermatocytes (cells 
that become converted into sperm), prior to sperm release, 
that travel across the thallus by means of surface tension 
over the free water surface (Figure 79).  This is at a much 
faster rate of 20 mm per minute (Muggoch & Walton 
1942). 
 

 
Figure 79.  Porella navicularis (Jungermanniopsida) 

antheridium expelling sperm.  Photo by Jonathan Choi, through 
Botany 321 University of British Columbia website, with 
permission. 

By contrast to these earlier observations of Muggoch 
and Walton (1942), in Pellia, the emerging spermatocytes, 
in this case housing the sperm within a membrane, emerge 
from the dehiscing antheridium in grey masses.  These 
masses spread rapidly across the wet surface, breaking 
apart as they reach the surface, with sperm emerging in 
about 15 seconds.  It takes only 15 seconds for these 
spermatocytes to reach the archegonial involucre 
(protective sheath of tissue of thallus origin surrounding 
single antheridium, archegonium, or sporophyte; Figure 
80).  Another 15 minutes is required for the free sperm to 
emerge from the spermatocyte.  Thus, the sperm disperse 
and are ready to enter the archegonia in little more than 15 

minutes from the time of antheridial dehiscence.  Such 
rapid movement could not be achieved by the slow-
swimming sperm, which would require hours to achieve the 
same distance, often failing to reach their destination before 
the necessary water was gone. 
 

 
Figure 80.  Pallavicinia lyellii (Metzgeriidae) showing 

filamentous fringe of the involucre where archegonia are located 
on the thallus.  F denotes female gametophyte; M denotes male 
gametophyte.  Photo by Noris Salazar Allen, with permission. 

Following fertilization, the stalk supporting the 
archegonial head elongates and elevates the archegonial 
head several cm above the thallus where the capsule 
enlarges.  This is of little advantage, it would seem, until 
the sporophytes are mature and the spores ready for 
dispersal.  When the spores are mature, the capsules 
(sporangia) split (with very few exceptions having a lid), 
revealing the spores and elaters (in Marchantiophyta, 
elongate one-celled structures with two spiral thickenings 
and associated with spores).   

In Jungermanniidae, the antheridia are not imbedded, 
but occur at the bases of leaves, whereas the archegonia are 
at the ends of stems or branches, surrounded by a perianth 
(Figure 81), and that is again surrounded by an involucre 
of two bracts and often a bracteole, all of which are often 
joined.  The capsule develops inside the perichaetium 
(modified leaves that surround the archegonia), but 
ultimately sits atop an elongate, hyaline (colorless), 
delicate seta (stalk; Figure 82-Figure 84) that soon withers 
away.  The capsule itself opens by four valves and usually 
contains elaters. 
 

 
Figure 81.  Frullania sp. perianth.  Photo by George 

Shepherd, through Creative Commons. 



Punti principali
Le Marchantiophyta si distinguono dal phylum Bryophyta per l’orientazione dorso-ventrale, i
rizoidi unicellulari, le capsule prive di opercolo, l’assenza della columella, e la mancanza
di stomi nella capsula. Le Marchantiophyta divise in due classi: Marchantiopsida (epatiche
tallose) e Jungermanniopsida (Sub Cl. Jungermanniidae, principalmente fogliose, e Sub Cl. 
Metzgeriidae principalmente tallose).
Le Marchantiophyta presentano la generazione gametofitica dominante con uno sporofito dipendente e 
temporaneo. 

Il ciclo vitale comprende un  protonema che si sviluppa dalla germinazione della spora, che diviene
talloide o globoso nella maggior parte delle epatiche. Il protonema produce una gemma che si sviluppa
in una pianta fogliosa o tallosa. 
I gametofiti producono archegoni e/o anteridi e l’embrione si sviluppa nell’archegonio. 
Gli sporofiti rimangono attaccati al gametofito e producono spore per meiosi. Le 
Marchantiophyta producono spore dagli sporofiti solo una volta, cioè simultaneamente. Queste
spore vengono disperse nella maggior parte dei generi, grazie agli elateri che sono prodotti
inframmezzati alle spore e che presentano ispessimenti spiralati, provocandone il piegamento con i
cambiamenti di umidità. 



ANTHOCEROTOPHYTA

mancano dei corpi oleosi, e presentano un pirenoide (un corpo
proteico che funge da nucleo per lo stoccaggio dell’amido e 
comune nelle alghe verdi (Figura 2). Il pirenoide inoltre
accumula Rubisco il che permette di concentrare la CO2.

Il phylum Anthocerotophyta è suddiviso in 
due classi. Anthocerotopsida, la classe piú
grande e meglio conosciuta con due ordini e tre
famiglie. La seconda si chiama
Leiosporocerotopsida, con un ordine, una
famiglia, e un genere. Il genere
Leiosporoceros si differenzia dai membri
della classe Anthocerotopsida per la presenza
del cianobatterioNostoc in canali
longitudinali. Nelle altre antocerote, le colonie
di Nostoc sono sparse in discrete colonie
globose. Nostoc è un azotofissatore.
Come in altre Bryobiotina, il gametofito nelle
antocerote è la generazione dominante, del 
resto ci sono anche alcune felci nelle quali il 
gametofito potrebbe essere considerato
dominante. Le antocerote si differenziano dalle
Marchantiophyta per la presenza tipicamente
di un solo cloroplasto per cellula, 
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Figure 2.  Hornwort cells showing single chloroplast, 

doughnut-shaped pyrenoid in center, and absence of oil bodies.  
Photo by Chris Lobban, with permission. 

Some Anthocerotophyta have interesting adaptations 
to help them get the most from their environmental 
resources.  The pyrenoid, present in many taxa, has a 
concentration of Rubisco, and this permits it to concentrate 
CO2 (Hanson et al. 2002).  Furthermore, the thallus 
typically has colonies of Nostoc (Figure 3-Figure 5), a 
member of the Cyanobacteria, embedded within the tissues 
and providing a conversion of atmospheric nitrogen into a 
form the hornwort can use.  This fixed nitrogen is 
transferred from the gametophyte thallus to the sporophyte.  
Furthermore, if the gametophyte happens to be grown in 
the dark, and the sporophyte is illuminated, it can transfer 
the photosynthate to the gametophyte (Bold et al. 1987).  
And that sporophyte can have twice the photosynthetic 
carbon fixation of the gametophyte (Thomas et al. 1978)! 
 
 

 
Figure 3.  Probably Megaceros with Nostoc colonies.  Photo 

by Chris Lobban, with permission. 
 

 
Figure 4.  Nostoc (brown cells) in hornwort.  Photo by Chris 

Lobban, with permission. 

 
Figure 5.  Nostoc from Anthoceros agrestis.  Photo by Ralf 

Wagner at <www.dr-ralf-wagner.de>, with permission. 

At least some members have associated fungi.  Ligrone 
(1988) reported fungi in association with Phaeoceros 
laevis.  The fungus colonized the parenchyma cells except 
at the growing tips of the thallus and epidermal cells.  The 
infected cells increased their cytoplasmic contents, but the 
chloroplast lost starch and the pyrenoids disappeared.  The 
chloroplast became branched and these branches 
intermingled with the arbuscular fungal hyphae. 

The sporophyte is like that of Sphagnum in lacking a 
sporophyte stalk (seta) on the capsule (Figure 6) and like 
the Bryophyta in having a columella (Figure 7-Figure 8) 
that is not in liverworts.  The capsule also has stomata 
surrounded by two kidney-shaped guard cells (Figure 9), 
characters shared with Bryophyta.  Instead of elaters, they 
have pseudoelaters (arising from division of a 
pseudoelater mother cell and outnumbering spores; Figure 
10) of one, two, or four cells, usually with no spiral 
thickenings [except Megaceros and Dendroceros 
(Renzaglia 1978)] (Figure 11).  The pseudoelaters probably 
provide nutrition, at least initially, but at maturity they 
twist, contributing to dehiscence and dispersal (Renzaglia 
1978). 
 

 
Figure 6.  Phaeoceros showing gametophyte thalli at base 

and horn-like sporophytes.  Photo by Janice Glime. 



ANTHOCEROTOPHYTA

Lo sporofito è simile a quello di Sphagnum nel
non presentare seta nella capsula (Figura 6) e 
come quello delle Bryophyta nel presentare
una columella (Figure 7 e 8) che invece manca
nelle epatiche. 
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ANTHOCEROTOPHYTA

Lo sporofito è simile a quello di Sphagnum nel
non presentare seta nella capsula (Figura 6) e 
come quello delle Bryophyta nel presentare
una columella (Figure 7 e 8) che invece manca
nelle epatiche. 
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Figure 7.  Anthoceros sporophyte longitudinal section 

showing spores and spore tetrads.  Note central columella.  Photo 
by George Shepherd, through Creative Commons. 

 
Figure 8.  Anthoceros sporophyte longitudinal section 

showing spores and spore tetrads.  Note central columella.  Photo 
by George Shepherd, through Creative Commons. 

 
Figure 9.  Stoma and guard cells on sporophyte of 

Anthoceros angustata.  Photo by Hironori Deguchi from 
<www.digital-museum.hiroshima-u.ac.jp>, with permission. 

 
Figure 10.  Phaeoceros spore and pseudoelater.  Photo by 

David H. Wagner, with permission; scale modified by Janice 
Glime. 

 

 
Figure 11.  Leiosporoceros dussii spores and pseudoelaters 

using fluorescence microscopy.  Note the absence of spiral 
thickenings in the elaters.  Photo by Andrew Blackwell,  and Juan 
Carlos Villarreal A., Southern Illinois University, with 
permission. 

Meiosis is continuous, occurring at the base of the 
capsule, causing the tip of the sporophyte to have more 
mature spores than the base (Figure 12-Figure 14), a 
feature unique to the Anthocerotophyta.  Dispersal results 
as the capsule splits into valves from the top down (Figure 
25), and consistent with its development, this peeling back 
of the capsule occurs slowly over time, retaining the lower 
spores while dispersing the upper ones.  The valves twist in 
response to moisture changes, perhaps aiding in dispersal.  
The spores mature progressively from top to bottom of 
the capsule (Figure 13) as the capsule splits and continues 
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La capsula presenta stomi circondati da due 
cellule di guardia reniformi (Figura 9), 
carattere in commune con le Bryophyta. 
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Invece degli elateri, presentano degli pseudoelateri (che si
formano dalla divisione di una cellula madre degli pseudoelateri
e sono piú numerosi delle spore; Figura 10) presentano una, due, 
o quattro cellule, di solito senza ispessimenti spiralati [eccetto
Megaceros e Dendroceros] (Figura 11). Gli pseudoelateri
probabilmente provvedono a fornire nutrimento, almeno
initialmente, ma a maturità si contorcono, contribuendo alla
deiscenza e dispersione.
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ANTHOCEROTOPHYTA
La meiosi è continua, occorre alla base della
capsula, causando la parte terminale dello
sporofito di avere piú spore mature della
parte basale (Figure 12 e 14), una
caratteristica unica delle Anthocerotophyta. 
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to grow at its base, unlike any other Bryobiotina (Figure 
26).  
 

 
Figure 12.  SEM of Phaeoceros carolinianus meiospores.  

Photo by Christine Cargill at Trin Wiki. 

 
Figure 13.  Hornwort sporophyte foot in gametophyte tissue.  

Note that basal portion of the sporophyte contains sporogenous 
tissue; those above have undergone meiosis.  Oval area at the base 
of the sporophyte is the foot, imbedded in the gametophyte.  
Photo by Michael W. Clayton.  Permission pending 

 

 
Figure 14.  Anthoceros sporophyte cross section, showing 

meiospores and columella.  Photo from Botany 321 website at 
University of British Columbia, with permission. 

Dendroceros is a tropical genus that is unusual among 
the Anthocerotophyta by growing on tree bark and leaves.  
Furthermore, it produces multicellular green spores (Figure 
15) (Schuette & Renzaglia 2010).  Schuette and Renzaglia 
suggest that the precocious development of the spore, 
resulting in endospory, permits it the time and resources 
necessary to survive the desiccating habitat where it lives. 
 
 

 
Figure 15.  Dendroceros tubercularis endospores.  Photo by 

Karen Renzaglia, with permission. 

Spores in Anthocerotophyta germinate to form a 
short protonema that does not remain threadlike, but gets 
areas that are more three-dimensional, resembling a tuber 
(Figure 16).   
 
 

 
Figure 16.  Anthoceros dichotomus protonema.  Photo from 

Plant Actions through Eugenia Ron Alvarez, with permission. 

The mature gametophyte thallus resembles that of a 
club moss (Lycopodiophyta) in that the antheridia may 
occur in groups within a chamber (Figure 17-Figure 23).  
The archegonia are likewise embedded within the thallus, 
again like those of the club mosses.  The structure of the 
archegonium is illustrated in Figure 24. 

  Chapter 2-8:  Anthocerotophyta 2-8-5 

to grow at its base, unlike any other Bryobiotina (Figure 
26).  
 

 
Figure 12.  SEM of Phaeoceros carolinianus meiospores.  

Photo by Christine Cargill at Trin Wiki. 

 
Figure 13.  Hornwort sporophyte foot in gametophyte tissue.  

Note that basal portion of the sporophyte contains sporogenous 
tissue; those above have undergone meiosis.  Oval area at the base 
of the sporophyte is the foot, imbedded in the gametophyte.  
Photo by Michael W. Clayton.  Permission pending 

 

 
Figure 14.  Anthoceros sporophyte cross section, showing 

meiospores and columella.  Photo from Botany 321 website at 
University of British Columbia, with permission. 

Dendroceros is a tropical genus that is unusual among 
the Anthocerotophyta by growing on tree bark and leaves.  
Furthermore, it produces multicellular green spores (Figure 
15) (Schuette & Renzaglia 2010).  Schuette and Renzaglia 
suggest that the precocious development of the spore, 
resulting in endospory, permits it the time and resources 
necessary to survive the desiccating habitat where it lives. 
 
 

 
Figure 15.  Dendroceros tubercularis endospores.  Photo by 

Karen Renzaglia, with permission. 

Spores in Anthocerotophyta germinate to form a 
short protonema that does not remain threadlike, but gets 
areas that are more three-dimensional, resembling a tuber 
(Figure 16).   
 
 

 
Figure 16.  Anthoceros dichotomus protonema.  Photo from 

Plant Actions through Eugenia Ron Alvarez, with permission. 

The mature gametophyte thallus resembles that of a 
club moss (Lycopodiophyta) in that the antheridia may 
occur in groups within a chamber (Figure 17-Figure 23).  
The archegonia are likewise embedded within the thallus, 
again like those of the club mosses.  The structure of the 
archegonium is illustrated in Figure 24. 



ANTHOCEROTOPHYTA
La dispersione avviene quando la capsula si divide 
in valve dall’alto verso il basso (Figura 25), la 
dispersione quindi avviene con il rilascio delle
spore collocate piú in alto, già mature, e 
progressivamente con quellecollocate piú in basso 
che possono cosí maturare (Figura 13) mentre la 
capsula si divide e continua a crescere alla sua
base, diversamente da ogni altra Bryobiotina
(Figura 26). 
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Figure 23.  Antheridium of hornwort (probably Phaeoceros 

carolinianus) expelling sperm.  Tom Thekathyil  (pers. comm. 17 
September 2009) reported that sperm were still alive several hours 
later.  Photo by Tom Thekathyil, with permission. 

 

 
Figure 24.  Hornwort archegonium.  Photo from Science 

Land Plant website at Southern Illinois University, with 
permission. 
 

 
 

 
Figure 25.  Phaeoceros oreganus sporophytes showing the splitting tips of mature capsules.  Photo by Li Zhang modified in 

Photoshop. 
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ANTHOCEROTOPHYTA
La dispersione avviene quando la capsula si
divide in valve dall’alto verso il basso 
(Figura 25), la dispersione quindi avviene
con il rilascio delle spore collocate piú in 
alto, già mature, e progressivamente con 
quelle collocate piú in basso che possono
cosí maturare (Figura 13) mentre la capsula
si divide e continua a crescere alla sua base, 
diversamente da ogni altra Bryobiotina
(Figura 26). 
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Figure 26.  Anthocerotophyta – hornworts.  Upper left:  Anthoceros bulbicosus thallus and undehisced sporophyte.  Upper right:  

cleared section of gametophyte thallus, collar, and hornlike sporophyte.  Lower left:  Cross section of Anthoceros thallus.  Although the 
sporophyte is complex, the gametophyte is quite simple, perhaps indicating reduction.  Note the lack of specialized tissues and absence 
of air chambers.  Lower right:  Older sporophyte of Phaeoceros carolinianus showing yellow color near tips of sporophyte due to 
mature spores.  Upper left and lower right photos by Michael Lüth; upper right and lower left photos by Janice Glime. 
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Table 1.  Comparison of the phyla of Bryobiotina.  Amplified from Crandall-Stotler (1996) and Gradstein et al. (2001). 

Character Marchantiophyta Bryophyta Anthocerotophyta 

Protonema  Mostly globose or thalloid, 
forming one bud; no gemmae  

Filamentous, forming many buds; 
may produce gemmae  

Globose, forming one bud; no 
gemmae  

Gametophyte form  
Leafy shoot or thallus; thallus 
simple or with air chambers; 
dorsi-ventral  

Leafy shoot  Simple thallus; dorsi-ventral  

Branches 
Developing from leaf initial cells 
or inner stem cells, rarely stem 
epidermis 

Developing from stem epidermis  

Leaf origin 2 initial cells (1 in Calobryales & 
Metzgeriales) 1 initial cell  

Leaf arrangement  
Leaves in two or three rows, 
ventral row usually of different 
size  

Leaves usually in spirals  Not applicable  

Leaf form  Leaves unistratose, divided into 
2+ lobes, no costa  

Leaves unistratose in most, 
undivided, costa present in some Thallose  

Leaf/thallus cells Usually isodiametric, have 
trigones; numerous chloroplasts 

Often elongate, rarely possess 
trigones; numerous chloroplasts 

No trigones; 1-4 large 
chloroplasts 

Special organelles  Complex oil bodies often present Simple, small oil bodies or none  Single plastids with pyrenoids  

Gemmae Common on leaves Common on leaves, stems, 
rhizoids, or protonemata Absent 

Water conducting cells  Present only in a few simple 
thalloid forms  

Present in both gametophytes and 
sporophytes of many Absent  

Rhizoids  Hyaline, one-celled  Brown, multicellular  Hyaline, one-celled  

Gametangial position  Apical clusters (leafy forms) or 
on upper surface of thallus  Apical clusters  Sunken in thallus, scattered  

Paraphyses Usually lacking; often have 
mucilage filaments 

Usually associated with 
antheridia & archegonia Lacking 

Growth of sporophyte Apical Apical Grows continuously from  basal 
meristem 

Stomata  
Absent in both generations, but 
pores present on some 
gametophyte thalli  

Present on sporophyte capsule  Present in both sporophyte and 
gametophyte  

Seta  
Hyaline, elongating just prior to 
spore release, rigid when turgid, 
deliquescent  

Photosynthetic, emergent from 
gametophyte early in 
development in Bryopsida & 
Polytrichopsida, rigid due to cell 
structure, persistent; not 
elongating in Sphagnopsida – 
pseudopodium present  

Absent  

Calyptra 
Ruptures & remains at base of 
seta, lacks influence on capsule 
shape 

Ruptures & persists at apex of 
seta & capsule, influences 
capsule shape 

Lacking 

Capsule  
Undifferentiated, spherical or 
elongate; jacket uni- or 
multistratose; often with 
transverse or nodular thickenings  

Complex with operculum, theca 
and neck; jacket multistratose; 
lack transverse or nodular 
thickenings  

Undifferentiated, horn-shaped; 
jacket multistratose  

Sterile cells in capsule  Spirally thickened elaters  Columella  Columella and pseudoelaters  

Capsule dehiscence  Into 4 valves; spores shed 
simultaneously  

At operculum & peristome teeth 
in Bryopsida & Polytrichopsida, 
spores shed over extended 
period; valvate in Takakiopsida, 
Andreaeopsida, & 
Andreaeobryopsida; lacking 
peristome in Sphagnopsida  

Into 2 valves; spores mature & 
shed over extended period  

Chemistry Monoterpenes, sesquiterpenes, & 
diterpenes; lunularic acid Triterpenes; ABA Terpenoids(?) 
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Protonema  Mostly globose or thalloid, 
forming one bud; no gemmae  

Filamentous, forming many buds; 
may produce gemmae  

Globose, forming one bud; no 
gemmae  

Gametophyte form  
Leafy shoot or thallus; thallus 
simple or with air chambers; 
dorsi-ventral  

Leafy shoot  Simple thallus; dorsi-ventral  

Branches 
Developing from leaf initial cells 
or inner stem cells, rarely stem 
epidermis 

Developing from stem epidermis  

Leaf origin 2 initial cells (1 in Calobryales & 
Metzgeriales) 1 initial cell  

Leaf arrangement  
Leaves in two or three rows, 
ventral row usually of different 
size  

Leaves usually in spirals  Not applicable  

Leaf form  Leaves unistratose, divided into 
2+ lobes, no costa  

Leaves unistratose in most, 
undivided, costa present in some Thallose  

Leaf/thallus cells Usually isodiametric, have 
trigones; numerous chloroplasts 

Often elongate, rarely possess 
trigones; numerous chloroplasts 

No trigones; 1-4 large 
chloroplasts 

Special organelles  Complex oil bodies often present Simple, small oil bodies or none  Single plastids with pyrenoids  

Gemmae Common on leaves Common on leaves, stems, 
rhizoids, or protonemata Absent 

Water conducting cells  Present only in a few simple 
thalloid forms  

Present in both gametophytes and 
sporophytes of many Absent  

Rhizoids  Hyaline, one-celled  Brown, multicellular  Hyaline, one-celled  

Gametangial position  Apical clusters (leafy forms) or 
on upper surface of thallus  Apical clusters  Sunken in thallus, scattered  

Paraphyses Usually lacking; often have 
mucilage filaments 

Usually associated with 
antheridia & archegonia Lacking 

Growth of sporophyte Apical Apical Grows continuously from  basal 
meristem 

Stomata  
Absent in both generations, but 
pores present on some 
gametophyte thalli  

Present on sporophyte capsule  Present in both sporophyte and 
gametophyte  

Seta  
Hyaline, elongating just prior to 
spore release, rigid when turgid, 
deliquescent  

Photosynthetic, emergent from 
gametophyte early in 
development in Bryopsida & 
Polytrichopsida, rigid due to cell 
structure, persistent; not 
elongating in Sphagnopsida – 
pseudopodium present  

Absent  

Calyptra 
Ruptures & remains at base of 
seta, lacks influence on capsule 
shape 

Ruptures & persists at apex of 
seta & capsule, influences 
capsule shape 

Lacking 

Capsule  
Undifferentiated, spherical or 
elongate; jacket uni- or 
multistratose; often with 
transverse or nodular thickenings  

Complex with operculum, theca 
and neck; jacket multistratose; 
lack transverse or nodular 
thickenings  

Undifferentiated, horn-shaped; 
jacket multistratose  

Sterile cells in capsule  Spirally thickened elaters  Columella  Columella and pseudoelaters  

Capsule dehiscence  Into 4 valves; spores shed 
simultaneously  

At operculum & peristome teeth 
in Bryopsida & Polytrichopsida, 
spores shed over extended 
period; valvate in Takakiopsida, 
Andreaeopsida, & 
Andreaeobryopsida; lacking 
peristome in Sphagnopsida  

Into 2 valves; spores mature & 
shed over extended period  

Chemistry Monoterpenes, sesquiterpenes, & 
diterpenes; lunularic acid Triterpenes; ABA Terpenoids(?) 
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Punti principali
Le briofite vengono tradizionalmente classificate in tre phyla (divisioni) 
Marchantiophyta, Bryophyta, Anthocerotophyta, che possono essere
collocate nel sottoregno Bryobiotina. Le Anthocerotophyta differiscono dagli
altri phylum per avere lo sporofito che ha una forma a corno e che continua 
a crescere alla base mentre le spore maturano e sono disperse all’apice. Le 
Anthocerotophyta presentano una generazione dominante gametofitica. I 
gametofiti producono archegoni e/o anteridi e l’embrione si sviluppa
nell’archegonio. 
Gli sporofiti rimangono attaccati al gametofito e producono spore per meiosi
durante un tempo prolungato, con le spore piú giovani alla base. Gli
pseudoelateri vengono prodotti con le spore, ma sono formati per mitosi e 
rimangono diploidi. Le capsule si aprono longitudinalmente e continuano ad 
aprirsi dall’alto verso il basso. 


