
       

Bryophyte Phylogeny      
Nonvascular Land Plants (Liverworts, Mosses, Hornworts) – Systematics and Characteristics

• hypothetical tree based on molecular phylogenetic data (Feb. 2013)
• branch lengths deliberate, not expressing actual time scale position of  
  many characters on tree unclear; some minor orders/families omitted
• if a character is marked as being a potential synapomorphy at a particular node,  
  this does not mean that all members of that clade possess that character
• Phylogenetic References: Judd W et al. (2007); Simpson M (2010); Soltis DE et al. (2005);  
                                   Cox et al. (2010); Knoop (2010); Villarreal et al. (2010); Shaw et al. (2011)
• Characters from: Frey et al. (2009) and Goffinet/Shaw (2009); Ligrone et al. (2012)  
• Abbreviations: G gametophyte, S sporophyte, AR archegonia, AN antheridia, 
                            CAP capsule, CY calyptra, PS peristome 
• Special thanks to Harald Kürschner (Berlin), Dietmar Quandt (Bonn), 
                                  Bernard Goffinet (Storrs, CT), Juan Carlos Villarreal (Munich)

 Timmiales

 Funariales

  Bartramiaceae

  Meesiaceae        Splachnaceae Splachnales

 Bryales

 Bartramiales

 Sphagnales

 Takakiales

  Tetraphidaceae              

  Oedopodiaceae       Polytrichaceae

  Andreaeaceae

  Sphagnaceae    Flatbergiaceae         Ambuchananiaceae

 Porellales

 Pleuroziales

 Metzgeriales

 Fossombroniales

 Pelliales

 Marchantiales

 Sphaerocarpales

 Blasiales

 Haplomitriales

 Treubiales

 Pallavicinaceae

 Blasiaceae

 Riellaceae    Sphaerocarpaceae

 Neohodgsoniaceae

 Noterocladaceae     Pelliaceae

 Fossombroniaceae     Petalophyllaceae

Thalli rosettes or stems; axes: winged or lobes leaf-like  
Air chambers –, mucilage cells –, pores – 

AR and S in pear-shaped involucres (dorsal on thallus)  
Rhizoids +, smooth 

Seta +, very short. CAP cleistocarpous. Elaters –

Protonema short-lived, funnel-shaped. Central strand –  
Lvs 2(-3)-stratose. Costa +. Dioicous. Perichaetial lvs ciliate above, costa long-excurrent 

Seta + very short. CAP asymmetric, stomata phaneropore. Annulus +. Operculum +  
PS of Buxbaumia-type (exostome – or rudimentary, endostome +, parastome –)  

CY small, mitrate

 Leiosporocerotales

 Dendrocerotales

 Phymatocerotales

 Notothyladales

  Leiosporocerotaceae (Leiosporoceros)

 Anthocerotales

  Mosses

   Vascular Plants  see  Tracheophyte and Angiosperm Phylogeny Posters

 Liverworts

 Hornworts

 Jungermanniales

 Neohodgsoniales

 Pallaviciniales

 Hookeriales

 Hypnales

 Rhizogoniales

 Hypnodendrales

 Ptychomniales

 Orthotrichales

 Hedwigiales

 Treubiaceae

 Haplomitriaceae

 Aytoniaceae   Cleveaceae  Conocephalaceae  Cyathodiaceae 
  Dumortieraceae            Exormothecaceae    Lunulariaceae 
  Marchantiaceae      Monosoleniaceae      Targioniaceae

Branches lateral, exogenous  
Lvs incubous, unequally 2-/3-lobed, often conduplicate bilobed, lobules often inflated water sacs; 

amphigastria +/–. S enclosed by a perianth and CY or shoot calyptra or stem perigynium  
Germination endosporic  

Gemmae + (rare). Fungal endosymbionts –   

Branches exo- or endogenous, ventral or lateral. Lvs succubous, incubous, or transverse,  
undivided or variously lobed, sometimes conduplicate bilobed, but then usu. with the smaller 

lobe(s), or lobules, dorsal (inflated water sacs rare); amphigastria +/–    
S enclosed by a perianth or stem perigynium. Spore germination usu. exosporic  

Gemmae +/–. Fungal endosymbionts +

  Takakiaceae

 Jubulaceae   Frullaniaceae   Lejeuneaceae  Lepidolaenaceae   
              Porellaceae                               Radulaceae

 Andreaeaeales

 Andreaeobryales   Andreaeobryaceae

 Tetraphidales

 Polytrichales

 Diphysciales   Diphysciaceae              
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 Pleuroziaceae

 Aneuraceae       Metzgeriaceae

 Acrobolbaceae            Balantiopsaceae       Calypogeiaceae  
  Cephaloziaceae         Cephaloziellaceae  Geocalycaceae  
  Gymnomitriaceae     Jungermanniaceae   Lepidoziaceae  
  Lophoziaceae                Scapaniaceae      Trichocoleaceae

  Anthocerotaceae (Anthoceros, sphAerosporoceros)    Foliocerotaceae (FoLioceros)

  Disceliaceae      Encalyptaceae     Funariaceae

  Timmiaceae

  Bruchiaceae  Calymperaceae     Catoscopiaceae   
   Dicranaceae     Ditrichaceae      Fissidentaceae 
                Leucobryaceae           Rhabdoweisiaceae 

  Hedwigiaceae      Helicophyllaceae     Rhacocarpaceae

  Orthotrichaceae

  Bryaceae        Mniaceae       Plagiomniaceae

  Calomniaceae         Cyrtopoaceae        Mitteniaceae 
                 Rhizogoniaceae        Spiridentaceae

  Braithwaiteaceae     Hypnodendraceae 
   Pterobryellaceae       Racopilaceae

  Garovagiiaceae           Ptychomniaceae

  Daltoniaceae   Hookeriaceae   Hypopterygiaceae   Leucomiaceae  
   Pilotrichaceae                 Saulomataceae         Schimperobryaceae

  Amblystegiaceae     Anomodontaceae     Brachytheciaceae     Calliergonaceae 
   Campyliaceae  Cryphaeaceae  Hypnaceae  Hylocomiaceae  Hypopterygiaceae  
   Lembophyllaceae     Leskeaceae    Meteoriaceae      Miyabeaceae  
   Neckeraceae Plagiotheciaceae     Pterobryaceae   Pylaisiadelphaceae
   Sematophyllaceae         Thuidiaceae          Trachylomaceae

  Dendrocerotaceae (DenDroceros, MegAceros, nothoceros, phAeoMegAceros)   

  Phymatocerotaceae (phyMAtoceros)

  Notothyladaceae (notothyLAs, phAeoceros, pArAphyMAtoceros, hAttorioceros, Mesoceros)      

 Ptilidiales  Ptilidiaceae
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 Aulacomniales

 Orthodontiales   Orthodontiaceae

  Aulocomniaceae

 Buxbaumiales

 Gigaspermales

  Buxbaumiaceae             

pleurocarpids

  Gigaspermaceae

homocostate  
pleurocarps

Thallose or foliose  
Rhizoids +. Oil bodies +
Perforated water-conducting cells
Mycothallus with endophytic Glomeromycota  
Gametangia protective structures +
Gametangial ontogeny without apical cells
Blepharoplast: plastid and associated posterior  
mitochondrion positioned at cell terminus
Zygote division transversal: epi- and hypobasal cells 
Seta +  
CAP without columella  
Elaters (unicellular). Stomata – 
ca. 5000 spp  
Lunularic acid

Protonema thallose. Leafy  
Lvs cells parenchymatous
Rhizoids multicellular 
Mykorrhiza –
Gametangial ontogeny with apical cells 
Blepharoplast: plastid and associated  
posterior mitochondrion positioned  
along inner nuclear surface;  
occurrence of a stray microtubules
Seta +  
CAP with PS and columella  
Elaters –  
Stomata on S 
ca. 13,000 spp.

Thallus orbicular or strap-like, often rosettes
Nostoc in schizogenous slime cavities  

(mostly ventral via mucilage clefts) 
Chloroplast usu. 1/cell with pyrenoid 

Oil droplets +
Water-conducting cells –   

AN 1–many, of endogenous origin  
AR single, embedded on dorsal thallus surface

Blepharoplast: spline of 12 microtubules (inaperturate),  
lamellar strip rhomboidal,  

basal bodies 2 of equal size, side by side
Zygote division longitudinal, three-tiered embryo 

 Seta –. S mostly horn-like,  
growing from base by indeterminate meristematic activity,  

columella well or poorly defined. Stomata on S  
Pseudoelaters (mostly multicellular)

Spore production continuous   
Lignans +, flavonoids – 

ca. 200 spp

Thalli winged ("leafy"), 2 ventral scale rows. Air chambers –, gametangiophores –  
Ventral "auricles" with Nostoc. Dioicous. AN dorsal, solitary. AR dorsal, behind apex  

Blepharoplast: marchantialean. CAP 4(-6)-valved  
Elaters 2-helical. Elaterophore basal, rudimentary  

Gemmae receptacles flasked-shaped (unique in liverworts) 

Anacrogynous. Lvs in three rows (2 lateral, succubous, 1 dorsal lobule). Oil bodies scattered. Mucilage on ventral surface  
Central strand parenchymatous, with glomerophycotean fungus  

Di- or monoicous. Single S per gynoecium. Gemmae in axils of dorsal lobules

Subterranean axis. Lvs mostly isophyllous. Rhizoids –  
Central strand +, cells thin-walled, perforated  

Di- or monoicous. Gametangia lateral, bracts –. Seta +, massive  
Blepharoplast: lamellar strip and spline < 90 microtubules, aperture on left side. Several S/gynoecium 

CAP 4-valved; walls unistratose. Elaterophore basal. Elaters filamentous. Asex repro – 

Air chambers +, chlorophyllose filaments –  
Rhizoids smooth  

Ventral scales +, appendages –  
Archegoniophores branched  

Gemmae

Thallus differentiated; air pores +  
Air chambers +, chlorophyllose filaments +, storage parenchyma + 

Ventral scales +. Rhizoids +, pegged or smooth  
Di- or monoicous. Antheridiophores +, archegoniophores +. AR ventral, involucre usu. + 

Pseudoperianths usu. –.  Seta +, short. Elaters usu. 2-3-helical. Gemmae

Thallose, leaflike lobes succubous, obliquely inserted 
Rhizoids purplish (rarely pale brown)  

AN and AR in simple acropetal sequence 
S protected by caudocalyx; CAP wall 2-6 stratose. Spores sculptured  

Asex repro fleshy stems (stolons), subterranean tubers, endogenous gemmae 

Thallose or leafy, prostrate, erect or dendroid 
Central strand +, cells thick-walled,  with pores 

AN/AR clustered dorsally on thallus 
S protected by inner involucre or shoot calyptra  

Seta +, massive. CAP 2-14 valved, wall bistratose

Pelliaceae: Thallus. Branching pseudodichotomous. Di- or monoicus 
AN individual in covered chambers (dorsal). AR in distinct groups (dorsal). Involucre +, short-tubular or flaplike  

CAP with 4 valves. Elaterophores basal. Asex. reprod. very rare  
Noterocladaceae: Thalli leafy. Lvs succubous. Branching lateroventral. AN in ostiolate chambers. AR clustered, involucre +  

CAP spheroidal. Seta +, <10 cm. Spores large (<100 µm), "multicellular", germination endosporic +/–. Elaterophores basal

Cauloid 1-3-pinnate. Rhizoids scarce  
Lvs incubous, transversely inserted, bilobed (and further subdivided); margins ciliate  

Oil bodies 15-40/leaf cell. Amphigastria +, bilobed, ciliate  
Dioicous. Gametangiophores apically on shoot. Perianth bottle-shaped, perigynium –  

CAP wall 4-7-stratose. Germination exo-/endosporic 

Apical cell with 2 cutting faces (unique in leafy liverworts)  
Lvs bilobed, smaller leaf lobe usu. a complex water sac; trigones very large  

Evidence of zoophagy. Amphigastria –   
Gametangiophores on short lateral-axillary branches, gynoecia partly sterile. Perianth elongate 

CAP spherical to short-ovoid. Germination endosporic. Usu. epiphytic 

Thalli linear, winged; branching dichotomous; midrib distinct (Metzgeriaceae) or thalli irregularly or 
pinnately branched (Aneuraceae). Central strand –. Unicellular hairs  +/–. Oil bodies +/– or very small  

Di- or autoicous. Gametangia on short branches arising from midrib or reduced lateral branches  
Shoot calyptra +. Pseudoperianth –. Seta +. CAP 4-valved, elaterophore apical  

Elaters 1- or ehelical. Asex repro – or gemmae/adventive thalli/caducous branches

Nostoc in longitudinal canals. Pyrenoid – 
Spores yellow, smooth, monolete mark + 

Pseudoelaters long, usu. unicellular

AN jacket of 4 cell tiers  
Spores dark-brown/blackish, trilete mark +, spinose  

Pseudoelaters helical thickenings partly present

AN 2-8 per chamber  
S with/without stomata 

Spores yellow-blackish, trilete mark +, equatorial girdle +
Pseudoelaters sometimes – 

AN one per chamber
 S without stomata  

Spores transparent or yellow  
Pseudoelaters with helical thickenings 

AN 1-3 per chamber  
Thalli narrow, lingulate. Pyrenoid –  

Dioicous. Spores yellow, later darkening  
Pseudoelaters without helical thickenings

Protonema –. Rhizoids –. Acrocarpous. Complex shoot system of rhizomatous axes, erect leafy shoots
Perforated water-conducting cells 

Dioicous. AN 1-2 in lvs axils of (3-)4-lobed lvs. AR solitary and scattered (1-4/shoot). S (only in T. ceratophylla, rarely encountered)  
Stomata on S –. Seta persistent. CAP twisted, dehisce along single slit. CY +  

Asex repro by deciduous lvs or shoots

Cladocarpous. Main stems with capitulum: central parenchyma, internal cylinder, cortex  
Branches fascicled, rarely –; retort cells +/–. Lvs with hyalocysts and chlorocysts  

Dioicous, occ. autoicous. AN single, subglobose, long-stalked in lvs axils  
AR terminal on short branches in capitulum. Spore sac dome-shaped  
Spores in tetrads, trilete mark +. CY +. Bogs and mires (peat mosses)

Central strand –. Lvs cells (rounded-)quadrate. Costa +/– homogeneous or –  
Autoicous, rarely syn- or dioicous. AN without specialized cap. Seta –  

CAP elevated by a pseudopodium; valves 4-10, attached at apex  
Spore sac dome-shaped. Germination endosporic. CY small, usu. bistratose  

Predom. cool-temp and trop-mont Saxicolous

Central strand –. Lvs cells (rounded-)quadrate. Costa +  
Dioicous. Perichaetia developing after fertilization. AN without specialized cap  

Seta short, massive. CAP valves irregular (often 4-5 main and 1-2 shorter ones), also separate 
at apex Spore sac dome-shaped. Germination endosporic. CY covering entire CAP

Central strand +/–. Lvs cells parenchymatous. Costa +, homogeneous  
Autoicous. CAP erect, symmetric, cylindric, stomata +/–. Annulus –  

Operculum +. PS of 4 teeth.CY small, mitrate, glabrous. Gemmae + (Tetraphis)  
Predom. north-temp. On various substrates in moist sites

Protonema short-lived or persistent. Subterranean root-like "rhizome". Central strand of hydroids and leptoids 
Costa complex (Polytrichum-type), often broad, with adaxial lamellae  

Dioicous, rarely autoicous. Perigonia often conspicuous (splash cups). Seta +. CAP erect to horizontal,  
rounded or 2-4-angled; stomata +. PS of 16, 32 or 64 teeth, CAP with epiphragm. Spores small (up to 60x106/CAP)  

CY mitrate or cucullate, hairy to glabrous often covering CAP. Largest terrestrial mosses

Protonema persistent. G reduced; ♂ of one leaf surrounding single AN  
Lvs ecostate. Dioicous. Seta +. CAP usu. asymmetric, flattened on upper side  

Annulus +. Operculum +. PS of Buxbaumia-type;  
exostome + (short teeth in 1-4 rings; endostome + (membranaceous); parastome +  

CY small, mitrate or cucullate

Central strand +. Lvs in 8 rows, base sheathing  
Lvs cells in sheath linear, in limb quadrate to hexagonal, mamillose. Costa +  

Di- or autoicous. Seta +. CAP inclined to pendulous, stomata phaneropore  
Annulus +. Operculum +. PS +, exostome of 16 large teeth;  

endostome of 64 filaments from basal membrane. CY cucullate, often persistent

Protonema short-lived. Central strand +. Lvs a cells rectangular to hexagonal. Costa + 
Aut- or paroicous, rarely syn- or polyoicous. Seta +. CAP symmetric or asymmetric,  

operculate or rarely cleistocarpous; stomata phaneropore or cryptopore,  
slit-like, each with a single guard cell. Annulus+/–. Operculum +. PS of Funaria-type or –  

CY large, cucullate or mitrate, typically lobed

Protonema short-lived. Leafy stems short from subterranean axes; central strand – 
Cladocarpous. Lvs cells usu. collenchymatous. Costa + (in Gigaspermum –)  

Par- or synoicous. Seta + (very short)  
CAP gymnostomous or cleistocarpous. Stomata with 2 guard cells  

Spores large. CY small, mitrate, fugacious. Gemmae + 

Protonema short-lived or rarely persistent  
Acrocarpous, occ. cladocarpous. Central strand +/–  

Lvs cells quadrate, rectangular, or more rarely elongate 
 Alar cells often differentiated  

Costa + (Dicranum-type, leucobryoid, or reduced). PS +/–

Protonema globular or filamentous  
Acro-, rarely cladocarpous. Central strand –  

Pseudoparaphyllia +. Costa usu. –. CAP immersed or exserted  
Annulus –. PS usu. –. Spore germination exo- or endosporic  

CY cucullate, smooth, glabrous

Stems tomentose, central strand +. Lvs often sheathed, limb narrow  
Lvs cells mamillose or papillose. Costa +. Di-,  syn-, par-, or autoicous  

Perigonia occ. splash cups. Seta +. CAP globose ("apple mosses")  
PS of Bryum-type +/–; Annulus –. Operculum +  

CY usu. minute, cucullate. Asex. repro: deciduous branchlet and bulbils 

Acrocarpous. Central strand + 
Lvs cells usu. rhombic. Costa +. Di- or autoicous  

CAP neck often differentiated into broad and colored hypophysis 
PS usu. +  

Often coprophytes, spores fly-dispersed 

Acrocarpous. Pseudoparaphyllia usu. –   
Lvs cells rhombic-hexagonal. Costa + 

 Seta +. CAP often pyriform, pendulous ("pear mosses")  
PS +/– (Bryum-type)

Acro- or cladocarpous. Central strand –. Upper lvs cells rounded, occ. elongate, thick-walled, usu. 
papillose Costa +. Gonio- or cladautoicous, dioicous, or phyllodioicous Seta +

CAP immersed or exserted, smooth or 8- (rarely 16-)ribbed, stomata phaneropore or cryptopore  
PS + (Orthotrichum-type) or reduced. Annulus – or rudimentary. Operculum +. CY +, often hairy  

Gemmae +/–. Saxicolous, corticulous

Acrocarpous (not Hymenodon). Central strand +. Costa +  
Aut-, par-, or dioicous, rarely heteroicous. Seta +  

CAP erect to horizontal, often furrowed, stomata phaneropore  
Annulus –. Operculum +. PS reduced, cilia –. Spores ± papillose  

CY cucullate. Axillary propagules or rhizoidal gemmae 

Acro- or pleurocarpous. Central strand +  
Lvs cells rounded-hexagonal. Costa +. Di-, aut-, or synoicous 

Perichaetia basally in tomentum. Seta +, short or long  
CAP widest at orifice. PS +/–. CY cucullate  

Predom. trop. mostly on forest floor

Pl tomentose. Acrocarpous (Aulacomnium) or pleurocarpous 
Central strand +. Lvs cells rounded-hexagonal, smooth or papillose 

Costa +. Di- or autoicous. Perichaetia lateral. Seta +  
CAP often striate to sulcate. Annulus +. Operculum +. CY cucullate  

Gemmae-bearing pseudopodia (Aulacomnium). Predom. temp.

Central strand –. Paraphyllia +/–. Lvs plicate  
cells ± incrassate. Costa +, double or –  

Dioicous or phyllodioicous. Seta +. CAP stomata +/–. Annulus +/–  
Spore germination occ. precocious. CY usu. cucullate  

Gemmae +. Trop. to south-temp. Usu. epiphytic

Central strand +/–. Paraphyllia (–)  
Pseudoparaphyllia rare  

Lvs cells often large, lax  
Costa +, single/double, rarely –  

Operculum +. CY usu. mitrate

Central strand +/–  
Pseudoparaphyllia usu. + 

Alar cells often +. CY cucullate  
> 4200 spp (ca. 1/3 of all mosses)

Pl often stipitate ("dendroids") 
Central strand +/–. Pseudoparaphyllia +, foliose 

Costa +/–. Seta +. Operculum +. PS +/– 
Predom. trop. 

thalloid
lvs from 3 prim. initials

leafy
lvs from 2 prim. initials

irregularly  
arranged

 Jungermanniidae

Pelliidae

 Metzgeriidae

core pleurocarpids
only pleurocarpous

lvs cells prosenchymatous
costa homogeneous or –

PS Bryum-type
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Protonema 
filamentous in  
chloro- and  
caulonema

PS 
(nemato-
dontous)
Hydroids

acro-
carpous

acro- 
carpous

Protonema short-lived or rarely persistent. Acrocarpous, occ. cladocarpous 
Central strand usu. +. Lvs cells often papillose, glass hairs often +  

Alar cells rarely differentiated  
Costa + or reduced, Pottia-type. PS usu. + (pottioid) or –  

Often xerophytes of "harsh environments"

Protonema short-lived. Acrocarpous, occ. cladocarpous  
Central strand usu. +  

Lvs cells often incrassate, sinuous, glass hairs common. Alar cells +/–  
Costa + (Dicranum-type). PS usu. + (seligerioid)  

Usu. saxicolous

PS
haplo-

lepideous

PS
diplo-

lepideous-
alternate

  Grimmiaceae  Seligeriaceae

  Pottiaceae       Ephemeraceae

 Grimmiales

 Dicranales

 Pottiales

Thallus differentiated. Air pores +/–  
Air chambers +, chlorophyllose filaments –. Ventral scales +. Rhizoids +  
Di- or monoicous.  AN, AR dorsal, involucre +/–. S embedded or sessile  

CAP cleistocarpous. Elaters –, spores large (40-200 µm)  
Asex repro occ tubers

occ.  
clado-

carpous
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 Ricciales  Ricciaceae         Oxymitraceae
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 palMFerns

 GinkGo
  epheDra
  WelWitschia
  GnetuM
  coniFers

      Ferns  
  (incl. horsetails) 

seeD 
plants

 lycophytes

 anita GraDe

 asteriDs

 MaGnoliiDs

 Monocots

GyMnosperMs

 anGiosperMs

 FaBiDs

 MalviDs

 laMiiDs

 caMpanuliDs

 hornWorts

 Mosses

 liverWorts

 rosiDs

Shoot calyptra +

AN jacket 
cells 

Stomata
Angiosperm
Phylogeny

Poster

Tracheophte
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Poster

Bryophte
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Poster


