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Figure 1.  Marchantia debilis on emergent rocks in Madagascar.  Photo courtesy of Catherine Reeb.   

Zheng et al. (2020a) have suggested that the 
morphology of the gemmae can be used to help in 
separation of the taxa, and that molecular analyses support 
these separations. 

Marchantiaceae 

Marchantia 
Bischler-Causse (1993) suggested that dispersal of at 

least some of the species seems to be limited by 
temperature extremes, but the species also require water 
throughout the year, free space, and light, thus limiting 
their success in much of the dry parts of the African 
continent.  This distribution is further limited by the low 
level of sexual reproduction, relying on vegetative 
multiplication – a means that is more limited in dispersal 
distance. 

 
Marchantia is widespread in the world.  In the western 

Cascade Mountains, Oregon, USA, it is a pioneer riparian 
(relating to wetlands adjacent to rivers and streams) genus 
(Campbell & Franklin 1979).  Several species in this genus 
are associated with wet habitats, with some occasionally 
becoming submersed. 

ike most of the older taxa, this genus has a history of 
species synonyms (Bischler-Causse 1993).  For example, of 
the 28 species described in Africa, Bischler-Causse reduced 
them to only 6, although another 8 remained unresolved. 

Although Marchantia polymorpha (Figure 2) is by far 
the liverwort of choice, other species have been important 
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in unravelling the genetic and evolutionary history of 
liverworts.  Marks et al. (2019a,b) presented the genome 
assembly for Marchantia inflexa (Figure 3-Figure 4) and 
found evidence suggesting that dehydration tolerance may 
be related to sex-specific genes in Marchantia.  They 
found that the genes on the sex chromosomes experience 
greater diversifying selection than do the autosomal and 
organellar genes. 
 

 
Figure 2.  Marchantia polymorpha at tree base on bank of 

small river in Pfaelzer Wald, Germany.  Photo courtesy of 
Michael Lüth. 

 
Figure 3.  Marchantia inflexa females, a species where 

dehydration tolerance may be related to sex-specific genes.  Photo 
by Amelia Merced, with permission. 

 
Figure 4.  Marchantia inflexa with gemmae.  Photo by Alan 

R. Franck, through Creative Commons. 

Ahmad (1981) described the historical studies on spore 
germination and gametophyte development in Marchantia. 

Marchantia berteroana (Figure 5-Figure 7) 

(syn. = Marchantia cephaloscypha, Marchantia 
tabularis) 

 Campbell (1965) reviewed some of the history of the 
nomenclature for this species.  Another species recorded 
for New Zealand and described by Stephani (1883), namely 
M. cephaloscypha, is considered by Evans after 
examination of an original specimen to correspond with M. 
berteroana (Evans 1917).  In Columbia, Herzog (1934) 
described the variety polylepida, but that is now considered 
to be M. berteroana as well.  

Distribution 
Marchantia berteroana (Figure 5-Figure 7) is known 

in Australia, New Zealand (Campbell 1965; Wikipedia 
2021), Southern Africa (Perold 1995; Lüth & Schafer-
Verwimp 2004; Phephu 2012a,b), South America (Costa 
Rica to the Antarctic Peninsula) (Hassel de Menendez 
1962; Campbell 1965; Lüth & Schafer-Verwimp 2004), 
Antarctica (Davey 1997), and non-continental locations 
such as Papua New Guinea, Java, New Caledonia, and 
various smaller islands (Driessen 2009; Wikipedia 2021).  
Phephu (2012a) noted that this species is prevalent in the 
winter-rainfall region of South Africa, but it also grows in 
regions that receive summer rain in KwaZulu-Natal, 
Mpumalanga and Limpopo provinces. 
 

 
Figure 5.  Marchantia berteroana thallus.  Photo by Clive 

Shirley, Hidden Forest, with permission. 

 
Figure 6.  Marchantia berteroana thallus.  Photo by Sarah 

Lloyd, with permission. 
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Figure 7.  Marchantia berteroana vegetative thallus with 

gemmae cups.  Photo by Clive Shirley, Hidden Forest, with 
permission. 

 

Aquatic and Wet Habitats 
 

Marchantia berteroana (Figure 5-Figure 7) lives in 
constantly damp, shaded areas (Figure 8) (Wikipedia 
2021), including fresh water, waterfall splash zones, forest 
floors, and streambanks (Phephu 2012a,b).  The species is 
widespread in New Zealand, especially near hot springs, 
and in southern Africa in swampy areas, kloofs (steep-
sided wooded ravine or valley in Africa), gorges, and 
burned areas (Campbell 1965; Perold 1995).  Li Zhang 
(pers. comm. 4 August 2022) found it growing in peatlands 
in Chile (Figure 9).  In also occurs in peatlands in 
Colombia (Campos 2014).  On the Juan Fernández Islands, 
it grows in expansive colonies on the mountain tops (Figure 
10-Figure 11) where clouds most likely maintain its needed 
moisture levels. 
 

 
Figure 8.  Marchantia berteroana thallus growing on a 

damp soil bank.  Photo by Clive Shirley, Hidden Forest, with 
permission. 

 
Figure 9.  Marchantia berteroana in peatland in Puerto 

Williams, Chile.  Photo courtesy of Li Zhang. 

 

 
Figure 10.  Marchantia berteroana soil habitat on Alejandro 

Selkirk Island, Juan Fernández Archipelago, Chile.  Photo by Pato 
Novoa, through Creative Commons. 

 

 
Figure 11.  Marchantia berteroana habitat on Alejandro 

Selkirk Island, Juan Fernández Archipelago, Chile.  Photo by Pato 
Novoa, through Creative Commons. 
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In geothermal areas in the Antarctic, M. berteroana 
(Figure 5-Figure 7) can occur at surface temperatures of 
25-35ºC and subsurface temperatures of 50-60ºC, although 
these underground temperatures have no direct effect on 
the bryophytes (Convey & Lewis Smith 2006).  Lewis 
Smith (2005a,b) found that on Deception Island in the 
South Shetland Islands, a geothermal gully included 
Marchantia berteroana (Figure 5-Figure 7) as one of the 
colonizers, forming a peripheral zone at the margin of the 
primary moss vegetation, living on fine moist compacted 
clay.  He attributed its abundance to the "copiously 
produced and widely dispersed gemmae." 

Halloy (1991) reported Marchantia berteroana 
(Figure 5-Figure 7) from heated areas (Figure 12) in the 
Andes, at 6000 m asl.  These communities comprised the 
highest elevation of the known autotrophic communities on 
the planet. 
 

 
Figure 12.  Geothermal fissure and Sphagnum; heated areas 

in the Andes can be suitable habitats for Marchantia berteroana.  
Photo from a geothermal vent in Iceland, by Janice Glime. 

Despite its seeming preference for wet habitats, it is a 
colonizer on soil following fire in Tasmanian mixed forests 
(Duncan & Dalton 1982) and also in southern Africa 
(Perold 1995).  The rapid germination of the spores and 
rapid development of the gametophyte gives the species an 
advantage in this habitat.  Brasell and Mattay (1984) found 
it as a colonizer in burned Eucalyptus forest (Figure 13) in 
Tasmania, where it accumulated a high concentration of 
potassium.  In these forests, N, P, K, and Ca, but not Mg, 
all decreased with time following the fire.  Brasell et al. 
(1986) found that Marchantia berteroana contributed 
significantly to nitrogen fixation in burned sites of southern 
Tasmania, greatly exceeding rates of bryophytes in 
unburned forests. 
 

 

Figure 13.  Eucalyptus forest at Sherbrooke, Victoria, 
Australia – fire-adapted forest where Marchantia berteroana 
often appears after fire.  Photo by Patche99z, through public 
domain. 

Duncan and Dalton (1982) showed that Marchantia 
berteroana spores germinated well on burned ground.  The 
protonemal growth is more rapid than that of the non-
colonizing species, giving the M. berteroana a chance to 
establish before other, more competitive species arrive. 

Phephu (2012a) considers Marchantia berteroana to 
be important in nutrient cycles and erosion control, thus 
stabilizing the soil. 

Physiology 
Davey (1997) used measurements of respiration, 

photosynthesis, irradiance, and temperature to model the 
year-round net productivity of Marchantia berteroana 
(Figure 5-Figure 7), estimating a yearly net productivity of 
823±75 mg C g-1 ash-free dry weight.  Desiccation was 
highly adverse to the thalli (Figure 14).  Below a water 
content of 12 g g-1 ash-free dry weight the photosynthetic 
capacity was reduced.  Recovery was only ca. 10% after 
dehydration and rehydration.  Freezing also caused great 
photosynthetic reduction, although the model indicated that 
this species should be able to photosynthesize at sub-zero 
temperatures.  Davey suggested that the photosynthetic 
capacity and freezing tolerance were likely to be seasonal. 
 
 

 

Figure 14.  Marchantia berteroana showing dying edges, 
suggesting drought damage.  Note its low-lying habit on the 
mosses.  Photo by Andrew Hodgson, with permission. 

Despite that fact that the model indicates that freezing 
causes a great reduction in photosynthesis, the model 
suggests that photosynthesis at sub-zero temperatures is, 
nevertheless, likely (Davey 1997).  It is suggested that 
seasonality in the photosynthetic capacity and the survival 
of these plants subjected to sub-zero temperatures might be 
important.  However, their distribution is likely to be 
limited by available moisture. 

Green and Lange (1995) found that the CO2 
compensation point is much lower for Marchantia 
berteroana (Figure 5-Figure 7) in 2% oxygen than for the 
other bryophytes they tested, and that the compensation 
points rise with a rise in temperature, resulting in inhibition 
(Figure 15).  Photosynthesis at 21% oxygen [usual 
atmospheric oxygen concentration on Earth (National 
Geographic 2022)] is depressed compared to that at 2% 
oxygen (Figure 16), with the depression increasing at 
higher temperatures. 
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Figure 15.  Temperature effect on oxygen inhibition in 

Marchantia berteroana.  Modified from Green & Lange 1995. 

 

 
Figure 16.  Temperature effect on CO2 compensation point in 

Marchantia berteroana.  Modified from Green & Lange 1995. 

 

Adaptations 

Marchantia berteroana (Figure 5-Figure 7) has scales 
on the lower surface, a common feature of the genus, but in 
this case they extend nearly to the margins (Phephu 2012a, 
b).  These may be hyaline or colored reddish-brown 
(Campbell 1965).  The thallus itself helps to maintain its 
moisture by its low-lying habit (Figure 14) that keeps it 
closer to the water in the soil and by reducing evaporation 
from the soil. 

Like other members of Marchantia, the thalli have 
apical growing tips that are covered by scales (Figure 17).  
Presumably, these protect the important growing region 
from desiccation.  When the older thallus dries out and 
dies, these apical areas can still retain living cells that can 
resume growth when favorable conditions return. 

 
Figure 17.  Marchantia berteroana thallus showing apical 

growing regions with apical scales covering them.  Photo by Jan-
Peter Frahm, with permission. 

Reproduction 
Marchantia berteroana (Figure 5-Figure 7) is 

dioicous, with a chromosome number of n=9 (Perold 1995; 
Phephu 2012a). 

Males (Figure 18) are a bit larger than females (Figure 
19-Figure 23) (Campbell 1965).  In New Zealand, the 
antheridiophores (Figure 18) appear in August, followed in 
September by the archegoniophores (Figure 19-Figure 23).   
 

 

Figure 18.  Marchantia berteroana antheridiophore heads.  
Photo by Tom Thekathyil, with permission. 

 
Figure 19.  Marchantia berteroana with young 

archegoniophores.  Photo by Clive Shirley, Hidden Forest, with 
permission. 
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Figure 20.  Marchantia berteroana with young 

archegoniophores before elongation.  Photo by Clive Shirley, 
Hidden Forest, with permission. 

 

 
Figure 21.  Marchantia berteroana with developing 

archegoniophores.  Photo by Pato Novoa, through Creative 
Commons. 

 

 
Figure 22.  Marchantia berteroana mature archegonial head 

before sporangia are mature.  Photo by Andrew Hodgson, with 
permission. 

 
Figure 23.  Marchantia berteroana with elongated 

archegoniophores, demonstrating how large a population can 
become.  Photo by Pato Novoa, through Creative Commons. 

Markham et al. (1978) found that there is a "dramatic" 
change in flavonoid pattern of Marchantia berteroana 
(Figure 5-Figure 7) that accompanies sexual reproduction.  
Is this a consequence or an adaptation?  It would be 
interesting to know the role of the change in compounds in 
reproduction.  Markham and Porter (1975, 1978) found that 
the aurone aureusidin 6-O-glucuronide occurs in 
antheridiophores (Figure 18) of at least two species of 
Marchantia, one of which is M. berteroana.  It is unknown 
from any other organ of the liverworts.  In flowering plants 
it gives brighter yellow colors to the flowers (Nakayama 
2022).  Markham and Porter suggested parallel evolution in 
bryophytes and flowering plants, although the compound is 
not common even in flowering plants.  

The sporophyte begins development the following 
spring, continuing through the summer (Phephu 2012a).  
Once it matures, its stalk elongates by absorbing water, 
causing the cells to stretch.  This causes the sporangia to 
protrude from the archegonial head (Figure 24-Figure 25).  
When the sporangium breaks open, it exposes the spores 
and elaters (Figure 25).  Wiggling of the elaters in response 
to humidity changes helps to disperse the spores.  Once the 
spores are dispersed, the fragile stalk disintegrates. 
 

 
Figure 24.  Marchantia berteroana archegoniophore heads 

with emerging open sporangia.  Photo by Tom Thekathyil, with 
permission. 
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Figure 25.  Marchantia berteroana mature sporangia with 

elaters protruding.  Photo by Tom Thekathyil, with permission. 

On the Falkland Islands, Marchantia berteroana 
(Figure 5-Figure 7) forms extensive patches several meters 
in diameter, from sea level to mountain tops (Duckett et al. 
2012).  Although it seems typical for females of this 
species to dominate elsewhere (Garcia-Ramos et al. 2007; 
Groen et al. 2010a), these populations produced males and 
females in about equal proportion.  Perhaps this sex ratio is 
regulated by environmental/climatic conditions? 

We know that gemmae (Figure 26-Figure 27) are 
produced when the sexual reproduction is inactive.  High 
humidity suppresses the production of these gemmae cups, 
but high temperatures (ca. 15ºC) promote greater 
production of the cups (Chopra & Kumra 1988).  Gemmae, 
and probably at times spores, are dispersed by water 
(Phephu 2012a). 
 

 
Figure 26.  Marchantia berteroana thallus forming a rosette, 

with gemmae cups.  Photo by Tom Thekathyil, with permission. 

Scott (1963) observed that plants of Marchantia 
berteroana (Figure 5-Figure 7) failed to produce gemmae 
cups (Figure 26-Figure 27) in New Zealand when pots were 
covered with glass or polyethylene sheets.  He 
experimented with plants growing in a saturated 
atmosphere and demonstrated that it was indeed moisture 
that inhibited the development of gemmae cups.  This 

behavior permits the liverwort to divert its resources to 
sexual reproduction at a time when conditions are most 
favorable for that type of reproduction. 
 

 
Figure 27.  Marchantia berteroana thallus showing distinct 

pores and gemma cups.  Photo by Tom Thekathyil, with 
permission. 

Interactions 

Marchantia berteroana (Figure 5-Figure 7) has close 
associations with at least several other organisms.  Meeks 
(2018) reported associations with Cyanobacteria.  Brasell 
et al. (1986) found that Marchantia berteroana exhibited 
high rates of acetylene reduction, indicating a high rate of 
nitrogen fixation, in populations from burned sites in 
southern Tasmania.  Cyanobacteria are important 
contributors to nitrogen fixation.  Activity was 
considerably greater than that for the same species when 
they occurred in the adjacent undisturbed forest.  There was 
no significant relationship with temperature, moisture, 
organic matter, nitrogen, or phosphorus in these 
associations.  I found no studies regarding nitrogen fixation 
association in wet habitat populations, but I would expect it 
to occur there as well. 

Fungal Interactions 

Baylis (1970) found that Marchantia berteroana 
(Figure 5-Figure 7) formed mycorrhizal associations on 
unsteamed phosphorus-deficient soil.  Baylis suggested that 
the fungi entered through the rhizoids.  Johnson (1977) 
demonstrated that infection by members of the 
Enogonaceae in a New Zealand forest occurred in the 
lower part of the thallus and in rhizoids in Marchantia 
berteroana.  These endophytes seemed to lack specificity, 
occurring in a variety of the tracheophytes tested.  It is 
likely that many associations remain to be identified. 

Biochemistry 

This species does not have the large number of 
biochemical studies reported for some of the other 
Marchantia species.  Markham and Porter (1975) provided 
early reports on the flavones isoscutellarein and hypolaetin 
8-glucuronides in Marchantia berteroana (Figure 5-Figure 
7).  The composition and concentration of these change in 
response to seasonal changes and reproductive stage of the 
plant.  Acacetin and its glycosides are absent when 
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gametangia are present (Markham et al. 1978).  Instead, 
during the sexually active stage, the predominant 
flavonoids are 8-hydroxyapigenin and 8-hydroxyluteolin 
glycosiduronic acids.  These latter flavonoids are absent 
during the stage of asexual reproduction when the acacetin 
and its glycosides achieve their most active concentrations. 

Asakawa and Campbell (1982) found that the major 
components of terpenoids and bibenzyls in M. berteroana 
(Figure 5-Figure 7) are cuparene and (−)-2-
hydroxycuparene.  Cuvertino-Santoni et al. (2017) 
described a number of the volatile constituents. 
 

Marchantia debilis (Figure 1, Figure 28-Figure 32) 

(syn. = Marchantia chevalieri) 

Distribution 

Marchantia debilis (Figure 28-Figure 32) is 
widespread in tropical Africa (Pócs & Lye 1999), where it 
is common north to south in the drier areas (Reeb et al. 
2018). 
 

 
Figure 28.  Marchantia debilis on rock near water in 

Madagascar.  Photo courtesy of Catherine Reeb. 

 

 
Figure 29.  Marchantia debilis in Madagascar, with 

archegoniophore.  Photo courtesy of Catherine Reeb. 

 
Figure 30.  Marchantia debilis in Madagascar, showing 

dieback at the base of the thallus while the tips continue to grow.  
Photo courtesy of Catherine Reeb. 

 

 
Figure 31.  Marchantia debilis in Madagascar, showing 

numerous, overlapping thalli that help to conserve water.  Photo 
courtesy of Catherine Reeb. 

 

 
Figure 32.  Marchantia debilis in Madagascar, growing on 

wet soil and rocks.  Photo courtesy of Catherine Reeb. 

Aquatic and Wet Habitats 

Marchantia debilis (Figure 28-Figure 32) is more 
closely associated with water than some of the other 
species of Marchantia included here.  It occurs on the 
edges of water in habitats like waterfalls, slow rivers 
(Figure 33-Figure 34), and ponds, on damp soil or rocks, 
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and sometimes experiences flooding, but it also occurs on 
terrestrial banks in both shaded and exposed areas (Reeb et 
al. 2018). 
 

 
Figure 33.  Marchantia debilis habitat on the riverbank in 

Madagascar.  Photo courtesy of Catherine Reeb. 

 
Figure 34.  Marchantia debilis with Riccia on a riverbank in 

Madagascar.  Photo courtesy of Catherine Reeb. 

Hodgetts et al. (1999) similarly reported Marchantia 
debilis (Figure 28-Figure 32) from flushed rocks (Figure 
35-Figure 36) in southern Africa.  They are joined in this 
environment by the liverwort Asterella bachmannii 
(Figure 37), the mosses Bryum alpinum (Figure 38) and 
Philonotis spp. (Figure 39), and the hornworts Anthoceros 
spp. (Figure 40) and Phaeoceros carolinianus (Figure 41).  
Marchantia debilis also occurs on the soil and mud on 
river- and streambanks. 
 

 
Figure 35.  Marchantia debilis on rocks along riverbank in 

Madagascar.  Photo courtesy of Catherine Reeb. 

 
Figure 36.  Marchantia debilis on rocks along riverbank in 

Madagascar.  Photo courtesy of Catherine Reeb. 

 

 
Figure 37.  Asterella bachmannii, an associate of 

Marchantia debilis on flushed rocks in southern Africa.  Photo by 
Ricky Taylor, through Creative Commons. 

 

 
Figure 38.  Bryum alpinum, an associate of Marchantia 

debilis on flushed rocks in southern Africa.  Photo by Claire 
Halpin, with permission. 
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Figure 39.  Philonotis fontana; several species of Philonotis 

associate with Marchantia debilis on flushed rocks in southern 
Africa.  Photo by Claire Halpin, with permission. 

 
Figure 40.  Anthoceros sp., an associate of Marchantia 

debilis on flushed rocks in southern Africa.  Photo by Bramadi 
Arya, through Creative Commons. 

 

 
Figure 41.  Phaeoceros carolinianus, an associate of 

Marchantia debilis on flushed rocks in southern Africa.  Photo by 
Hermann Schachner, through Creative Commons. 

Leonard (1994) found that Marchantia debilis (Figure 
28-Figure 32) occurred on the periodically flooded parts of 
sandstone cliffs near Yanonge, Zaire, typically with 
Garckea flexuosa (Figure 42). 

 
Figure 42.  Garckea flexuosa, an associate of Marchantia 

debilis in the flooded parts of sandstone cliffs in Zaire.  Photo by 
Manju C. Nair, through Creative Commons. 

Adaptations 
 

The adaptations of Marchantia debilis (Figure 28-
Figure 32) involve the same structures as in other species 
of Marchantia.  They have large air pores bordered with 5-
8 rings of cells, with half projecting above the epidermis 
and half below into the photosynthetic air space (Reeb et 
al. 2018).  The ventral scales occur in four rows and do not 
cover more than 30-50% of the thallus.  These are purple, 
at least in the median portion of the thallus. 

The thalli can grow over mosses (Figure 43), providing 
them with a water-retaining sponge that keeps them moist 
longer than just soil. 
 
 

 
Figure 43.  Marchantia debilis in Madagascar, growing with 

mosses that can help to retain moisture.  Photo courtesy of 
Catherine Reeb. 
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Reproduction 
As is typical for species of Marchantia, Marchantia 

debilis (Figure 28-Figure 32) is dioicous (Reeb et al. 
2018).  I have not found information on stimuli needed to 
produce archegoniophores (Figure 44-Figure 45) or 
antheridiophores or what their seasonal behavior is.  
Gemmae (Figure 46) serve as effective means of asexual 
reproduction. 
 

 
Figure 44.  Marchantia debilis with an archegoniophore, in 

Madagascar.  Photo courtesy of Catherine Reeb. 

 
Figure 45.  Marchantia debilis archegoniophore in 

Madagascar, showing large pores.  Photo courtesy of Catherine 
Reeb. 

 
Figure 46.  Marchantia debilis with gemmae cups, in 

Madagascar.  Photo courtesy of Catherine Reeb. 

Biochemistry 

Anchang et al. (2016) reported a new methanol extract, 
marchantinquinone-l'-methyl ether, from Marchantia 
debilis (Figure 28-Figure 32).  In addition it had three 
known bis-bibenzyls.  Asakawa (2021) noted that 
Marchantia debilis produces large quantities of 
marchantin-type bis-bibenzyls.  Anchang and Simonsen 
(2019) reported that extracts from both wet and dry 
liverworts were able to inhibit the bacteria Staphylococcus 
aureus and Dermatophilus congolensis, and the fungus 
Aspergillus flavus.  On the other hand, the bacteria 
Pseudomonas aeruginosa and Bacillus spp. were inhibited 
by extracts from dry, but not wet, Marchantia debilis.  This 
suggests that at least one of the inhibitory substances must 
be produced in response to desiccation. 

Yongabi et al. (2016) reported that petroleum extracts 
from Marchantia debilis (Figure 28-Figure 32) could be 
used to treat at least some of the bacteria responsible for 
diabetic bacterial foot infections.  This product has been 
marketed as BryoCreamTM.  It had a 90% cure rate in three 
weeks. 
 

Marchantia emarginata (Figure 47-Figure 53) 

(syn. = Marchantia palmata, Marchantia sumatrana) 

The taxonomic relationships of Marchantia 
emarginata (Figure 47-Figure 53) have recently been 
evaluated in India (Singh & Singh 2013) and Japan (Zheng 
& Shimamura 2021, 2022a). 
 

 
Figure 47.  Marchantia emarginata with enlarged terminal 

buds.  Photo by Taiwan Mosses, through Creative Commons. 

Distribution 
 

Marchantia emarginata (Figure 47-Figure 53) is 
widespread, occurring in the Northern Hemisphere in 
Asiatic and Oceanic regions (Bischler-Causse 1989).  Its 
distribution includes Borneo, China, Guam, Hong Kong, 
India, Indonesia Japan, Korea, Malaysia, Marianas, New 
Britain, New Caledonia, New Guinea, Philippines, 
Solomon Island, Sri Lanka, and Thailand (Bischler-Causse 
1989; Siregar et al. 2020).  In Malesia, it occurs from sea 
level to 1500 m asl, and Lu and Huang (2017) reported that 
it occurs below 1800 m asl, adding Taiwan to its 
distribution.  Singh and Singh (2013) reported it for the 
first time in the Indian Himalayas.  It is threatened in 
Singapore (Ho 2013). 
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Aquatic and Wet Habitats 
Marchantia emarginata (Figure 47-Figure 53) occurs 

on walls of bays, in side brooks, on a large block in pouring 
water, in waterfalls, and in thermal acidic spray in the 
tropics (Ruttner 1955).  In Sumatra, Siregar et al. (2020) 
found it on soil (Figure 48) and rocks (moist, damp or wet, 
shaded, semi-exposed places, riversides, creeks; Figure 49-
Figure 50).  Lu and Huang (2017) reported similar habitats 
in Taiwan, including damp soils up to 1800 m asl.  As seen 
in the images, it occurs on the sides of drainage ditches 
(Figure 51-Figure 52) as well. 
 
 

 
Figure 48.  Marchantia emarginata male on soil.  Photo by 

Ellen8355, through Creative Commons. 

 
Figure 49.  Marchantia emarginata on rocks in and beside 

stream.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 50.  Marchantia emarginata on rocks along stream.  

Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 51.  Marchantia emarginata on rocks and concrete 

along ditch.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 

 
Figure 52.  Marchantia emarginata on rocks along ditch.  

Photo courtesy of Tian-Xiong Zheng (NICH). 

But it can also occur on soil banks (Figure 53) if there 
is enough moisture.   In southern China, this species is 
found frequently with Dumortiera hirsuta (Figure 54) on 
soil banks beside roads (Figure 55) (Li Zhang, pers. comm. 
12 August 2022). 
 

 
Figure 53.  Marchantia emarginata ssp. cuneiloba on soil 

bank beside road.  Photo courtesy of Tian-Xiong Zheng (NICH). 
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Figure 54.  Dumortiera hirsuta, associate of Marchantia 

emarginata on roadside soil banks.  Photo ©mutolisp, through 
Creative Commons. 

 
Figure 55.  Marchantia emarginata ssp. tosana with 

Dumortiera hirsuta (larger, hairy thalli).  Photo courtesy of Li 
Zhang. 

Tewari and Pant (1996) reported that Marchantia 
emarginata (Figure 47-Figure 53) grew along the borders 
of warm springs in hot spring areas of the Kumaon 
Himalaya, but was unable to grow in the hot, sulfurous 
prings. s

 

Adaptations 
This is not a truly aquatic bryophyte, but lives in 

habitats that can be wet part or most of the time, then 
experience drought when water levels recede.  Hence we 
should expect adaptations that mediate these drier 
conditions. 

Marchantia emarginata (Figure 47-Figure 53) has 
scales that are purple or pale-purple (see Figure 56) (Lu & 
Huang 2017).  These contribute to water movement, 
absorption, and maintenance of hydration.  One can only 
speculate about the advantages of the color.   We have 
seen, in the chapter on light in Volume 1, that red pigments 
can be in higher concentrations in shade plants than in full 
sunlight (Melati et al. 2019).  Furthermore, in the extreme 
shade of the rainforest, some forest floor tracheophytes 
have red or purple on the lower leaf surface, increasing the 
absorption of light at the upper end of the photosynthetic 

action spectrum (Lee & Graham 1986).  Hence, we can 
speculate that such a function might be operating in 
liverworts with purple scales.  We need data to determine if 
the intensity of the color relates to the level of light in the 
habitat.  I see no value to having this pigmentation on the 
ventral surface as a protection in high light.  Do these 
scales somehow reflect light back to the photosynthetic 
tissue under low light conditions? 
 
 

 
Figure 56.  Marchantia polymorpha ssp. ruderalis scales 

showing purplish color of some Marchantia species.  Photo by 
Des Callaghan, with permission. 

Like other members of Marchantia, M. emarginata 
(Figure 47-Figure 53) has pores in the epidermis.  These 
provide entry of CO2 into the chamber beneath where 
photosynthetic filaments reside.  And cuticular ridges 
around the pores are hydrophobic, preventing the entry of 
water that would greatly reduce the ability of CO2 to enter 
the photosynthetic filaments. 

Like many thallose liverworts, the thallus of 
Marchantia emarginata (Figure 47-Figure 53) often grows 
over mosses (Figure 57, Figure 61).  These mosses provide 
a sponge-like base that helps to retain water longer than 
soil or pebbles alone, thus widening the habitat range of the 
liverwort. 
 
 

 
Figure 57.  Marchantia emarginata subsp. tosana growing 

on mosses.  Photo from Taiwan Mosses, through Creative 
Commons. 



1-23-16 Chapter 1-23:  Aquatic and Wet Marchantiophyta, Class Marchantiopsida:  Marchantiaceae, part 1 

Reproduction 
Reproduction in Marchantia emarginata (Figure 47-

Figure 53) follows that of other species in the genus.  It is 
dioicous (Lu & Huang 2017).  Cutting (1910) described the 
antheridial receptacles (Figure 58-Figure 59) of the species.  
A later description by Srinivasan (1939) suggests that it 
could actually be protogynous (female parts develop 
before male parts), with archegonial receptacles (Figure 60) 
developing first, then antheridial receptacles developing, a 
rather unusual order for bryophytes (see Vol. 1, Chapt. 3-
2).  Srinivasan describes the species as having receptacles 
that start as purely female, but soon one or more of the 
proliferations bear antheridia that grow out from the ventral 
surface.  However, these proliferations once again become 
active lobes of the female receptacle.  Srinivasan describes 
them as intermediate between an archegonium and an 
antheridium, later becoming typical antheridia.  This 
observation leads him to the suggestion that the two 
reproductive structures are homologous. Nevertheless, the 
species is generally accepted as dioicous. 
 
 

 
Figure 58.  Marchantia emarginata males with 

antheridiophores.  Photo by Ellen8355, through Creative 
Commons. 

 
Figure 59.  Marchantia emarginata males showing 

antheridial receptacles.  Photo by Li Zhang, with permission. 

 
Figure 60.  Marchantia emarginata ssp. tosana females with 

archegonial heads.  Photo courtesy of Li Zhang. 

Asexual reproduction occurs by gemmae in cups 
(cupules) (Figure 61) (Ho 2013).  In Singapore, these 
gemmae appear to be the primary means of reproduction, 
along with fragmentation and branching (see also Johnson 
1958).  On the other hand, Singh and Singh (2013) found 
no gemmae cups in the Himalayan material they studied, 
suggesting perhaps a climatic or photoperiod problem.  We 
know that production of Marchantia polymorpha (Figure 
2) gemmae are favored by short days (Carter & Romine 
1969).  If these conditions are coupled with the wrong 
temperatures, then the hormonal stimulus to produce 
gemmae might be absent. 
 
 

 
Figure 61.  Marchantia emarginata with gemmae.  Photo by 

楊玉鳳, through Creative Commons. 

Kumra and Chopra (1989a,b) found that cytokinins 
(2iP, BAP, kinetin and zeatin) increased both growth and 
gemma cup formation in Marchantia emarginata (Figure 
47-Figure 53) and were of decreasing effectiveness in that 
order.  However, BAP is the most effective in increasing 
the number of gemmae.  They also found (1989b) that 
vegetative growth and gemmae cup production were 
greatest in continuous light at 4500 lux, but were inhibited 
by applied auxins at most concentrations. 

Li Zhang (pers. comm. 6 August 2022) sent me images 
of very unusual Marchantia emarginata ssp. tosana with 
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gemmalings growing on the antheridiophore and 
archegoniophore (Figure 62-Figure 63).  He concluded that 
the gemmae landed on these reproductive structures when 
the latter were young and the stalks had not yet elongated.  
These gemmae then were elevated as the antheridiophore 
and archegoniophore elongated.  These two images 
represent two different populations in the same area.  He 
considered that the high humidity in that location could 
make this unusual substrate possible.  It also suggests that 
the inhibitor(s) to gemmae germination present in the 
thallus are absent in the archegoniophore and 
antheridiophore.  But really, on the ends of the fingers of 
the antheridial head?  It is interesting that the antheridial 
head does not have the typical shape seen in Figure 58. 
 
 

 
Figure 62.  Marchantia emarginata ssp. tosana, in 

Guangdong, S. China, with germinated gemmae and gemmae 
cups growing on male receptacle arms.  Photo courtesy of Li 
Zhang. 

 

 
Figure 63.  Marchantia emarginata ssp. tosana with 

gemmaling on archegoniophore stalk, Guangdong, S. China.  
Photo courtesy of Li Zhang. 

Fungal Interactions 
Although I found little on fungal interactions for this 

species, Srinivasan (1939) reported fungal-forming 
pycnidia (flask-shaped fruiting body bearing conidiophores 
and conidia on interior and occurring in various imperfect 
fungi and Ascomycetes; Figure 64) in Marchantia 
emarginata (Figure 47-Figure 53).  Srinivasan further 
suggested that the fungal attack might cause a change in the 
sex of the receptacle.  This remains to be demonstrated 
experimentally, but with what we currently know about 
hormones from bacteria and fungi, and their influence on 
the development of bryophytes, this would be a worthwhile 
experiment. 
 

 
Figure 64.  Phoma (Coelomycetes) pycnidium.  Some fungi 

have pycnidia that appear on Marchantia emarginata.  Photo by 
Brawlings, through Creative Commons. 

Iqbal et al. (1988) described vesicular-arbuscular 
mycorrhizal fungi from both rhizoids and the ventral 
thallus parenchyma of Marchantia emarginata (Figure 47-
Figure 53). 

Fatma (2018) determined an endophytic mold in 
Marchantia emarginata (Figure 47-Figure 53) to be 
Daldinia eschscholtzii. (Figure 65-Figure 66). 
 
 

 
Figure 65.  Daldinia eschscholzii, an endophytic fungal 

species that can occur in Marchantia emarginata.  Photo by Petra 
White, through Creative Commons. 
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Figure 66.  Daldinia eschscholzii ventral view.  Photo by 

Byrain, through Creative Commons. 

Biochemistry 
 

Many biochemical studies have described the 
biochemical properties and potential uses of secondary 
compounds in the genus Marchantia.  See Jantwal et al. 
(2019) for a review.  The species Marchantia emarginata 
(Figure 47-Figure 53) may be less well known than the 
widespread M. polymorpha (Figure 67), but its 
biochemical studies are nevertheless numerous.  Only a 
sampling will be presented here to suggest their ecological 
importance. 
 

 
Figure 67.  Marchantia polymorpha female with 

archegoniophores; this species is the typical example used for 
teaching about liverworts.  Image copyright Stuart Dunlop 
<www.donegal-wildlife.blogspot.com>, with permission. 

Yuan et al. (2021) demonstrated the presence of 
uridine diphosphate-dependent glycosyl transferases 
(UGTs) in Marchantia emarginata (Figure 47-Figure 53), 
noting the importance of flavonoid glycosides for their 
pharmaceutical activities.  The value of pharmaceutical 

compounds to the liverworts needs much experimental 
study.  Are they merely a consequence of some other 
function or pathway, or do they defend the bryophytes 
against pathogens or herbivores? 

Huang et al. (2010) isolated marchantin A, a bibenzyl 
ether, from Marchantia emarginata subsp. tosana (Figure 
68).  This secondary compound is able to induce apoptosis 
(death of cells which occurs as normal and controlled part 
of organism's growth or development) in human MCF-7 
breast cancer cells.  It furthermore has good anti-oxidant 
activity.  Fatma (2018) likewise demonstrated anti-oxidant 
activity in this species.  Antioxidants can be important in 
rehydration of bryophytes, countering the oxidative burst 
that often occurs (see for example Minibayeva & Beckett 
2001). 
 
 

 
Figure 68.  Marchantia emarginata ssp. tosana females, a 

source of marchantin A.  Photo from Taiwan Mosses, through 
Creative Commons. 

Kumar et al. (2007) found that Marchantia 
emarginata could be used against tumors. 

Wang et al. (2017) described the chemistry of the 
cuticle of Marchantia emarginata (Figure 47-Figure 53).  
They isolated the fatty ω-hydroxyacid/fatty alcohol 
hydroxycinnamoyl transferase (HFT) from the species and, 
based on a species of tobacco, suggested that its occurrence 
in the cells indicate that the feruloylation (subclass of 
carboxylic acid esterases that hydrolyze ester bonds 
between hydroxycinnamic acids and sugars present in plant 
cell walls) of the cutin monomers takes place in the 
cytoplasm.  Bryophytes are often described as lacking 
cuticle, but cutin (insoluble polyester of C16 and C18 
hydroxy fatty acids and main  component of cuticle) is 
becoming well known in bryophytes.  It appears that in 
bryophytes the cuticle is simply thinner than in 
tracheophytes. 

Toyota et al. (2004) described the sesquiterpene 
alcohol 1,6-Humuladien-10-ol from Marchantia 
emarginata subsp. tosana (Figure 68).  These 
sesquiterpenes are C15-terpenoids comprised of three 
isoprene units.  They are especially common in 
tracheophytes, but also are becoming well known in 
bryophytes (Awouafack et al. 2013).  We know that 
sesquiterpenes can include essential oils and aromatic 
constituents; others are antimicrobial or provide protection 
against oxidative damage. 

Alcoholic and acetonic extracts of Marchantia 
emarginata (Figure 47-Figure 53) indicated the presence of 
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carbohydrates, proteins, diterpenes, phytosterols, and 
anthocyanin, whereas flavonoids were present only in the 
alcoholic extract and phenol only in the acetonic extract 
(James et al. 2020).  Alcohol extracts exhibited activity 
against the bacterium Escherichia coli (Figure 69) and 
both alcohol and acetone extracts against Klebsiella 
pneumoniae (Figure 70).  However, neither alcohol nor 
acetone extracts exhibited activity against Staphylococcus 
aureus (Figure 71).  This is unfortunate because this 
hospital scourge has become methicillin-resistant (Solberg 
2000) and a new treatment is needed. 
 
 

 
Figure 69.  Escherichia coli, a bacterial species that is 

inhibited by alcohol extracts of Marchantia emarginata.  Photo 
by USDA, through public domain. 

 
Figure 70.  Klebsiella pneumoniae, a bacterial species that is 

inhibited by both alcohol and acetone extracts of Marchantia 
emarginata.  Photo from CDC, through public domain. 

 
Figure 71.  Colorized SEM of Staphylococcus aureus, a 

species that is not inhibited by alcohol or acetone extracts of 
Marchantia emarginata.  Photo by Janice Haney Carr, CDC, 
through public domain. 

Spermine is a polyamine in all eukaryotic (having 
nucleus with nuclear membrane) cells and is involved in 
cellular metabolism. The amino acid ornithine is its 
precursor.  It is an essential growth factor in some bacteria 
a
 
s well.   

Culturing 

Chopra and Dhingra-Babbar (1986) studied the effects 
of various amino acids, complex organic substances, and 
active charcoal on the growth and development of 
Marchantia emarginata (Figure 47-Figure 53).  The amino 
acid response was dependent on the concentration, with 
lower concentrations enhancing growth and higher ones 
inhibiting it.  Glutamic acid, histidine, and methionine 
stimulated callus growth, whereas tryptophan induced 
thallus differentiation.  Activated charcoal delayed callus 
formation and growth was extremely reduced.  Coconut 
milk stimulated callus growth at 15% (v/v) and inhibited it 
at 25%. 
 

Marchantia inflexa (Figure 72-Figure 74) 

Despite its somewhat narrow tropical distribution, 
Marchantia inflexa (Figure 72-Figure 74) has received 
considerable attention regarding its sexual expression and 
the role of the environment in this expression.  Marks et al. 
(2019a,b) revealed that those genes on sex chromosomes 
are subject to greater diversifying selection than those on 
autosomal (non-sexual) and organellar genes.  This 
diversification occurs mostly among male-specific genes, 
whereas divergence of other sex-linked genes differs little 
rom that of autosomal genes. f

 

Distribution 
 

Marchantia inflexa (Figure 72-Figure 74) is restricted 
to the Neotropics and bordering regions, from Central 
America and the Caribbean and from northern Venezuela 
to the southern United States (Marks et al. 2019a). 
 
 

 
Figure 72.  Marchantia inflexa thalli with brown scales 

covering apical growth regions.  Photo by Scott Zona, with 
permission. 
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Figure 73.  Marchantia inflexa with gemmae cups.  Note 

brown scales covering the apical growth region.  Photo by Alan R. 
Frank, through Creative Commons. 

 
Figure 74.  Marchantia inflexa showing large population of 

overlapping thalli.  Photo by Alan R. Frank, through Creative 
Commons. 

Aquatic and Wet Habitats 
Marchantia inflexa (Figure 72-Figure 74) occurs 

mostly on streambank rocks (Figure 75-Figure 76) and soil 
(Figure 77-Figure 78) (Marks et al. 2019a). 
 

 
Figure 75.  Marchantia inflexa on rock.  Note the 

meristematic tips on the branches, with brown scales covering 
them.  Photo by Alan R Frank, through Creative Commons. 

 
Figure 76.  Marchantia inflexa on streambank.  Photo by 

Karen and Philip, through Creative Commons. 

 

 
Figure 77.  Marchantia inflexa on soil bank.  Photo by Jeff 

Garner, through Creative Commons. 
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Figure 78.  Marchantia inflexa on soil bank.  Photo by Jeff 

Garner, through Creative Commons. 

 
 
 

Physiology 

water relations 

Marks et al. (2019a,b) investigated dehydration 
tolerance, emphasizing differences between genetic lines, 
that allowed them to identify multiple dehydration-
associated genes, two of which were sex-linked, suggesting 
that dehydration tolerance may be impacted by sex-specific 
genes.  Identification of these genes permits the 
identification of gender when sexual expression is not 
present.  Although the more common habitat for 
Marchantia inflexa (Figure 72-Figure 74) is on rock and 
soil surfaces along streambanks (Figure 79) in tropical 
forests, it can also colonize more exposed sites such as 
disturbed sites along roads. 

Marks et al. (2019ab) explored the relationships to 
drought in five populations of Marchantia inflexa (Figure 
72-Figure 74) in northern Trinidad and Tobago in the 
Republic of Trinidad.  When grown in a common garden, 
the responses maintained the differences they had exhibited 
in their original habitats, indicating that they were 
genetically determined.  They also found that males (Figure 
86-Figure 87) had a lower desiccation tolerance than did 
females (Figure 88-Figure 89) in less exposed sites, but not 
in more exposed sites.  The males furthermore exhibited 
more variation in morphology than did females, while 
females exhibited similar desiccation tolerance across the 
five sites. 

 
Figure 79.  Marchantia inflexa population on soil bank 

where mosses can help it to maintain moisture.  Photo by Alan R. 
Frank, through Creative Commons. 

 
Marks et al. (2021) identified stress responses to 

dehydration in Marchantia inflexa (Figure 72-Figure 74), 
including expression of LEA and ELIP genes and evidence 
of cell wall remodelling.  They found, however, that there 
was little temporal synchronization of the responses across 
six genotypes.  The researchers suggested that differences 
in timing of the transcriptional adjustments contribute to 
the variation seen among genotypes.  Furthermore, 
developmental differences affect the relative tolerance of 
meristematic and differentiated tissues. 
 

electrical responses 

Measuring electrical responses in bryophytes is not a 
common activity, but such measures can be used to assess a 
plant's response to injury or environmental stimuli.  Several 
studies have used Marchantia inflexa (Figure 72-Figure 
74) as a subject.  Cooper et al. (2022a) commented that the 
KCl-filled glass electrodes placed into plant tissues is 
subject to artifacts and is less reliable than the impedance 
method.  Using the impedance method, one can detect plant 
injury and exposure to environmental compounds such as 
glutamate.  This method was used successfully in M. 
inflexa by placing two impedance leads 2 cm apart into the 
thallus tissue, with a cut made to a third thallus between the 
two leads.  Cooper et al. (2022b) found that the liverwort 
showed no electrical response to glutamate exposure, 
whereas Arabidopsis thaliana (Figure 80) and Pisum 
sativum (Figure 81) (both flowering plants) produced rapid 
depolarization upon exposure. 
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Figure 80.  Arabidopsis thaliana, a species that, unlike 

Marchantia inflexa, experiences rapid depolarization upon 
exposure to glutamate.  Photo by Stefan Lefnaer, through Creative 
Commons. 

 
Figure 81.  Pisum sativum var. sativum, a species that, 

unlike Marchantia inflexa, experiences rapid depolarization upon 
exposure to glutamate.  Photo by Stefan Lefnaer, through Creative 
Commons. 

Adaptations 

Among the common adaptations is their ability to form 
dense mats that help to maintain moisture in the soil 
(Figure 82-Figure 83).  But this ability to form mats brings 
its own problems of self-competition. 

 
Figure 82.  Marchantia inflexa with overlapping thalli that 

can help to conserve soil moisture.  Photo by Scott Zona, with 
permission. 

 

 
Figure 83.  Marchantia inflexa with gemmae cups, showing 

closely contacting and overlapping thalli.  Photo by Jamie 
Newman, through Creative Commons. 

Crowley et al. (2005a) described three mechanisms for 
competition for space (Figure 82-Figure 83):  expansion 
(spreading to unoccupied habitat), lottery (replacing dead 
competitors), and overgrowth (encroaching on competitors 
along zones of contact).  For Marchantia inflexa (Figure 
72-Figure 74), a local stable coexistence of the sexes 
requires the avoidance of this self-competition.  This stable 
coexistence of the sexes seems to be possible in a narrow 
range of disturbance intensities, explaining ambiguous 
results in simulation studies (McLetchie et al.. 2002).  
Crowley et al. noted the importance of contact inhibition 
in this species.  They considered that the improbability that 
a disturbance regime could maintain death rates within the 
high and restricted range is consistent with stable 
coexistence and that it indicates that long-term coexistence 
of the two genders may be dependent on processes 
operating at the scale of the metapopulation (Garcia-Ramos 
et al. 2002, 2007). Garcia-Ramos et al. (2002, 2007) 
indicated that single-sex populations were common and 
that males were rare.  In the tropics the two sexes often co-
existed in a single patch; in the USA only all-male or all-
female populations were known.  The spores were able to 
colonize disturbed sites, and large disturbed areas permitted 
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the colonization and coexistence by both sexes, with 
fertilization typically occurring between patches. 

Reproduction 

For a species that has few publications describing 
habitats, Marchantia inflexa (Figure 72-Figure 74) has an 
abundance of published reproductive studies, particularly 
related to the environmental conditions.  Like the genus, 
the species is dioicous.  Prominent among the studies are 
those related to environmental effects on sex ratio. 

McLetchie and Puterbaugh (2000) noted that unisexual 
populations and female- or male-biased populations were 
common in this dioicous liverwort.  Garcia-Ramos et al. 
(2002) found that whereas both sexes could coexist in a 
single patch in the tropics, in the USA only all-male or all-
female populations are known.  McLetchie and Puterbaugh 
(2000) found that sex-ratio patterns could be related to 
growth rates, number of meristematic regions (Figure 72-
Figure 73), and asexual reproduction in the riverside 
populations they studied in Trinidad.  Of the 209 patches 
they observed, 83% contained no sex-expressing thalli.  
Only 9% contained thalli of both sexes.  The remainder 
were either entirely female-expressing (4%) or male-
expressing (4%).  Small patches were less likely to be 
expressing sexual reproductive structures.  Shade (less 
canopy openness) also correlated with lower sexual 
expression.  In those populations with expression of both 
sexes, the ratios of male (Figure 86-Figure 87) to female 
(Figure 88-Figure 89) ranged 0.22-0.80. 

But what causes this variation?  McLetchie and 
Puterbaugh (2000) found that females (Figure 88-Figure 
89) of Marchantia inflexa (Figure 72-Figure 74) grew 
faster, produced more meristematic tips (Figure 73), and 
had lower levels of asexual reproduction (Figure 83-Figure 
85) than did males (Figure 86-Figure 87).  Furthermore, the 
number of meristematic tips exhibited a negative 
correlation with both asexual reproduction and growth rate.  
Hence, these factors could lead to female sex bias in 
reproductive colonies.  A further factor in shifting toward 
female dominance is that populations that reproduce better 
asexually (i.e. males) are less likely to succeed under 
stressful conditions.  These relationships position the 
species to produce more spores under stressful conditions 
and thus have a means to arrive at a different location 
where the stress might not be present. 

McLetchie et al. (2002) followed with a study on the 
local sex-ratio dynamics using Marchantia inflexa (Figure 
72-Figure 74) from rock surfaces and bark in Trinidad.  
These populations differed widely in their population sex 
ratios at the study site in the rainforest.  They followed 
seven life history stages  In some stages the thalli became 
more abundant and extend over the substrate and each other 
in their quest for space (Figure 84-Figure 85).  The sex 
ratio within a patch was not stable:  at low to moderate 
disturbance levels, females gradually eliminated males.  At 
high disturbance levels, males (Figure 86-Figure 87) 
eliminated females (Figure 88-Figure 89).  This pattern was 
not dependent on whether sexual propagules (spores) could 
germinate within the patch, but germination of gemmae 
(Figure 84-Figure 85) within the patch had an important 
role.  Hence, sexual reproduction, while unimportant within 
patches, is critical in spatial landscapes (Garcia-Ramos et 
al. 2002). 

 
Figure 84.  Marchantia inflexa with gemmae.  Photo by Jeff 

Garner, through Creative Commons. 

 

 
Figure 85.  Marchantia inflexa with gemmae cups.  Photo 

by Jamie Newman, through Creative Commons. 

However, spores may be the primary means for 
recolonizing patches eliminated by large-scale disturbances 
(McLetchie et al. 2002).  Once a patch became fully 
occupied, the production of the wind-dispersed spores was 
maximized.  Once the colony became re-established, spore 
production declined and the sex ratio became increasingly 
more biased toward one or the other sex.  Such scenarios 
support the concept that the sex ratio is determined at the 
metapopulation (group of spatially separated populations 
of same species which interact at some level; regional 
group of connected populations of species) level. 

One question that arises is how does a species maintain 
sexually dimorphic pre-adult traits (Fuselier & McLetchie 
2002).  Fuselier and McLetchie noted that sexual 
dimorphism can influence the distribution of the sexes, the 
population sex ratios, the maintenance of the sex in 
populations, and the evolutionary potential of the species.  
Hence, in species like Marchantia inflexa (Figure 72-
Figure 74), where sexual dimorphism results in greater 
growth and reproduction in females, the population could 
develop a female-biased sex ratio.  Fuselier and McLetchie 
found that the sexes overlapped in habitat use.  
Furthermore, different populations exhibited differences in 
growth, asexual reproductive rates (Figure 84-Figure 85), 
degrees of sexual dimorphism, and the strength of their 



1-23-24 Chapter 1-23:  Aquatic and Wet Marchantiophyta, Class Marchantiopsida:  Marchantiaceae, part 1 

among-trait correlations.  The investment in growth and in 
asexual reproduction differed in single-sex and mixed-sex 
populations, but the degree of sexual dimorphism did not.  
The researchers concluded that the local environment may 
exert more influence than does the presence of the opposite 
sex in maintaining sexual dimorphism.  Furthermore, 
between-sex correlations were not significant in the 
greenhouse common garden, but were significant in the 
field.  Garcia-Ramos et al. (2002) found that males were 
able to persist longer in local populations due to minor 
disturbances such as drought. 

Females (Figure 88-Figure 89) exhibited a cost for 
plasticity, whereas males (Figure 86-Figure 87) did not 
(Fuselier & McLetchie 2002).  Among females, early sex-
expressing individuals produced fewer gemmae cups than 
did late-expressing plants, supporting the concept that there 
is a tradeoff between the two modes of reproduction.  
These observations suggest that events during the life of the 
plant can influence its success at the local population level.  
These events can differ among the years of its life, making 
the success of a given population a somewhat random 
process dependent upon the changing conditions in the 
environment. 
 
 

 
Figure 86.  Marchantia inflexa males.  Photo by Jeff Garner, 

through Creative Commons. 

Fuselier and McLetchie (2004) explored several 
environmental parameters to determine if the two sexes 
exhibited different preferences.  Using two populations in 
Trinidad and ten in the USA, they found no differences in 
preference for substrate, humidity, wind speed, or exposure 
among or within populations.  However, in the USA, male 
populations (Figure 86-Figure 87) tended to occur under 

more open canopies and in a wider light range than did 
females (Figure 88-Figure 89). 
 

 
Figure 87.  Marchantia inflexa males.  Photo by Scott Zona, 

with permission. 

 
Figure 88.  Marchantia inflexa females.  Photo by Jeff 

Garner, through Creative Commons. 

 
Figure 89.  Marchantia inflexa females.  Photo by Jeff 

Garner, through Creative Commons. 

Crowley et al. (2005b) postulated that the long-term 
coexistence of the sexes in Marchantia inflexa (Figure 72-
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Figure 74) might be only temporary.  They found that 
fragmentation is important in overgrowth competition.  
Stanley (2019) hypothesized that females (Figure 88-Figure 
89) in bryophytes would show a greater competitive ability, 
thus at least in part accounting for the frequent female 
(Figure 88-Figure 89) bias in bryophyte sex ratio.  In their 
greenhouse cultures of M. inflexa, they found that both 
sexes averaged 41% more growth if accompanied by the 
opposite sex than that of single-sex cultures.  Their model 
predicted coexistence between the sexes, but that males 
(Figure 86-Figure 87), not females, would be in greater 
numbers, with a ratio of 3.2 males to 1 female. 

Groen et al. (2010a) were surprised to find that males 
(Figure 86-Figure 87) of Marchantia inflexa (Figure 72-
Figure 74), the gender that occurs in more tree-canopy 
openness, have lower chlorophyll a:b ratios than do 
females.  Generally, a low chlorophyll a:b ratio, caused by 
more chlorophyll b, is an adaptation to shade.  But both 
sexes had lower edge pore density in greater canopy 
openness; males had a weak positive correlation between 
edge pore density and light intensity (Groen et al. 2010b).  
Thus it appears that light intensity and canopy openness 
have opposing effects on edge pore density in males 
(Figure 86-Figure 87).  The researchers suggest that males 
might be more responsive to water stress than are females 
(Figure 88-Figure 89).  Females, on the other hand, have 
more support tissue, providing greater storage, and 
providing the resources needed for the female plants to 
support their sexual role. 

Garcia-Ramos et al. (2007) noted that as a patch of 
Marchantia inflexa (Figure 72-Figure 74) persists through 
time, it is more likely to lose males (Figure 86-Figure 87) 
than females (Figure 88-Figure 89).  This is due, at least in 
part, to the faster tissue growth of females.  On the other 
hand, both sexes generally persist in the metapopulation, 
but with females predominating.  Males had the advantage 
during patch filling, with their more abundant gemmae 
(Figure 84-Figure 85) providing an effective colonization 
strategy.  Since males kept colonizing these available 
patches, they were maintained in the metapopulation.  
Similar maintenance of both sexes, particularly in small, 
highly disturbed populations where life-history traits and 
mortality differ between sexes, is likely to be a widespread 
phenomenon, particularly among dioicous bryophytes. 

Using methods described by Chang et al. (2006), 
Fuselier (2008) found that geographically separated 
populations were significantly different.  Single-sex 
populations of M. inflexa (Figure 72-Figure 74) in 
Oklahoma and Florida, USA  form a distinct phenotypic 
group and it would be worthwhile to study physiological 
and developmental differences as well.  Plants from single-
sex and both-sex populations differed in their life history 
strategies.  Those in single-sex populations invested more 
in growth than in asexual (gemmae;  Figure 84-Figure 85) 
reproduction.  While they produced as many sexual 
structures, they produced fewer gametangia per 
gametophore than did plants from both-sex populations, 
suggesting a possible chemical interaction among the 
plants.  Characters of female plants (Figure 88-Figure 89) 
were positively correlated with geographic, nearest-
neighbor distance.  Characters of male plants (Figure 86-
Figure 87) showed no relationship to geographic distance. 

Dispersal is a logical choice for differences in 
population genders.  Male plants produce more gemmae  
(Figure 84-Figure 85) and therefore should propagate more 
new plants near the parent colony.  Female plants (Figure 
88-Figure 89) produce spores and can therefore colonize 
areas at greater distances.  But the gemmae, mostly falling 
within 1 m of the parent, have a greater chance of landing 
on a suitable substrate with suitable environmental 
conditions.  To further complicate the picture, gemmae 
from males (Figure 86-Figure 87) (producing more males) 
have lower survivability yhan female gemmae due to 
desiccation (Stieha et al. (2014). 

Brzyski et al. (2014) collected male and female plants 
from two strikingly different habitats within the same 
region:  along natural sites (rivers) and along novel human-
modified sites (roadsides).  They used a common garden to 
demonstrate a strong sex by habitat interaction:  male 
(Figure 86-Figure 87) and female (Figure 88-Figure 89) 
responses differed significantly by their source habitat. 
Road-collected females had higher growth and asexual 
reproduction compared to females from riverside habitats.  
In males, the pattern was not significant, but tended to be 
opposite to that of the females.  The researchers found 
significant genetic differentiation between plants of the two 
habitats and found no evidence of individual differences in 
growth plasticity.  However, there was a genotype effect 
for gemmae production.  Although males and females did 
not differ genetically, river-collected plants with lower 
sexual potential were more diverse than roadside-collected 
plants.  Could this be due to founder events, or are there 
selection pressures yet to be discovered?  Nevertheless, 
these populations show that individual variation in 
reproduction is controlled by the interaction of genetics and 
environment. 

Moore et al. (2016) questioned the selection for 
gamete dispersal and capture in clump water-holding 
capacity.  In Marchantia inflexa (Figure 72-Figure 74), a 
dense tomentum-like mass of scales surrounds the 
archegonia (Figure 88-Figure 89), presumably retaining 
sperm-laden water.  The male receptacle (Figure 86-Figure 
87), on the other hand, has no scales and may serve as a 
dispersal splash platform (Figure 86). 

Stieha et al. (2014) observed the productivity and 
dispersal of gemmae in Marchantia inflexa (Figure 72-
Figure 74).  Male plants produce more gemmae and more 
quickly than do female plants, but male plants have lower 
desiccation tolerance, leading to lower gemmae survival 
rates.  They found that gemmae in this species can move up 
to 20 cm per minute in a light rain, permitting them to 
reach locations unoccupied by their parents.  Models 
demonstrated that long-distance dispersal of gemmae is 
possible and they are likely to be successful if they stay 
moist.  They warned that measurements of different stages 
to dispersal can be misleading about the survival of the 
sexes.  Nevertheless, the gemmae are critical to the 
maintenance of both sexes. 

Stieha et al. (2017) summarized the known 
mechanisms for maintaining both sexes to be "semi-
independent dynamics of populations within a 
metapopulation.  These semi-independent dynamics are 
influenced by dispersal and recolonization rates, which are 
affected by the spatial arrangement of populations."  Using 
a mathematical model, Stieha and coworkers demonstrated 
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that at intermediate distances between populations, 
metapopulations maintained both sexes, and the spatial 
arrangement of populations changed the threshold at which 
one sex was lost.  However, when populations were close 
to one another, one sex was eliminated and the single-sex 
metapopulation persisted through dispersal of asexual 
propagules.  When populations were far apart, one sex was 
eliminated, and the metapopulation either went extinct due 
to lack of recolonization by asexual propagules or persisted 
because clumped populations facilitated recolonization. 
Hence, spatial arrangements are important in the 
maintenance or elimination of sexes in clonal organisms.  
This helps to explain the persistence of geographic 
parthenogenesis and the continuance of asexual species 
such as founder populations of dioicous species. 

With so much known about the sexual behavior of 
Marchantia inflexa (Figure 72-Figure 74) populations, 
Walter (2015) set out to detect genetic evidence of sexual 
reproduction in sexual and asexual populations.  She 
predicted that genetic variation would be higher in sexually 
reproducing populations when compared to asexually 
reproducing populations.  In these haploid organisms, there 
is rapid selection for advantageous traits and rapid removal 
of deleterious ones.  Sexual reproduction permits 
recombinations among the genes on different 
chromosomes, creating variability among offspring.   
Asexual reproduction such as gemmae produces a carbon 
copy of the parent.  The results, using Marchantia inflexa 
(Figure 72-Figure 74), are fascinating.  Bisexual 
populations are becoming more female biased (Figure 88-
Figure 89), suggesting some mechanism of competition.  
The all-female populations have a low level of genetic 
diversity, implying that they have arisen mostly from 
asexual reproduction. 

Brzyski et al. (2018) noted that sexual reproduction 
requires close proximity to potential mates.  Clonal growth 
can increase this distance by carrying the reproductive 
structures farther from a neighboring plant of the opposite 
sex, thus reducing the probability of mating.  The 
researchers calculated the spatial distributions as the 
likelihood that pairs of individuals were the same sex or 
genotype of Marchantia inflexa (Figure 72-Figure 74) and 
determined how the likelihood was affected by habitat 
patch size.  In this species, asexual reproduction dominates 
within patches but could also occur between populations.  
Males (Figure 86-Figure 87) were more likely to occur near 
other males than the likelihood of females (Figure 88-
Figure 89) being near other females, presumably reflecting 
the greater gemma production by males in M. inflexa.  In 
small patches the likelihood of both sexes being near 
members of the same sex was greater than in large patches.  
In the large habitat patches, male genotypes were nearly 
15% more likely to be near their own clone mates than 
were female plants.  This difference is most likely due to 
differential survival or colonization.  Thus, male plants 
were more likely to be aggregated clones than were 
females, particularly in large patches. 

Based on earlier studies on differences in light 
preference, Lay et al (2022) experimented with the effects 
of light intensity and quality on phytochromes in 
germination of gemmae of Marchantia inflexa (Figure 72-
Figure 74).  The germination responses of both sexual 
(spores) and asexual (gemmae) offspring were consistent 

with a phytochrome-mediated event.  This contrasts with 
germination in M. polymorpha (Figure 90) wherein 
photosynthesis mediates the event. 
 

 
Figure 90.  Marchantia polymorpha with gemmae in cups.  

Photo by Brenda Dobbs, through Creative Commons. 

Stanley (2019) likewise found that in single-sex 
cultures, males had more asexual structures (gemmae) than 
in the mixed-sex cultures, with the reverse relationship for 
growth rate.  Such an increase of asexual structures in 
single-sex cultures would increase the probability of 
encountering females.  The reduction in growth is a 
tradeoff in resource allocation.  The same pattern did not 
occur in the females. 

These differences in behavior of males (Figure 86-
Figure 87) in single- vs mixed-sex cultures suggest an 
interaction, perhaps hormonal, based on density of plants 
and presence of females (Figure 88-Figure 89).  Stanley 
(2019) suggested that in this case there could be a change 
in sex ratio before the plants allocate their resources to 
sexual reproduction; this could also be caused by 
environmental conditions. 

Such changes in sex ratio due to environmental 
conditions have been known in monoecious seed plants for 
some time.  Freeman et al. (1981) found that in xeric 
conditions the males (Figure 86-Figure 87) were more 
prominent, whereas female (Figure 88-Figure 89) functions 
were more abundant on mesic sites.  Similar results were 
found by Dawson and Elheringer (1993) for Acer negundo 
(box elder, Figure 91) in the Intermountain West, USA.  In 
drought-prone habitats, the male:female ratio is 1.62:1, 
whereas in moist-streamside habitats (Figure 76) it is 
female (Figure 88-Figure 89) biased (0.65 male:1 female).  
By reviewing many publications, Golenberg and West 
(2013) indicated that environmental conditions could affect 
ethylene concentrations, which in turn affected other 
hormones in flowering plants, ultimately affecting the 
expression of sexual structures. 

Blake-Mahmud and Struwe (2020) even found that 
sexual expression as male in the sexually plastic Acer 
pensylvanicum (striped maple, Figure 92-Figure 93) could 
be completely suppressed by wounding, with increasing 
likelihood of the sex changing to female as the severity of 
damage increased.  Understanding such responses of 
bryophytes to environmental stresses is important to our 
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understanding of the changes we might expect as the 
climate becomes more stressful, particularly as drought 
increases and more severe weather events occur. 
 

 
Figure 91.  Acer negundo male flowers.  Photo by Krzysztof 

Ziarnek, Kenraiz, through Creative Commons. 

 
Figure 92.  Acer pensylvanicum female flowers.  Photo by 

Crosier, through Creative Commons. 

 
Figure 93.  Acer pensylvanicum male flowers.  Photo by 

Ashley Bradford, through Creative Commons. 

Interactions 
Like many, probably most, other bryophytes, 

Marchantia inflexa (Figure 72-Figure 74) consorts with 
bacteria.  The bacterial communities associated with 
bryophytes contribute to nutrient cycling, community 
interactions, and cost-benefit relationships of the individual 
organisms involved (Marks et al. 2018).  There is evidence 
of nitrogen fixation by these associated bacteria from the 
early invasion of bryophytes on land (Knack et al. 2015). 

Marks et al. (2018) compared the bacterial community 
between males (Figure 86-Figure 87) and females (Figure 
88-Figure 89) of Marchantia inflexa (Figure 72-Figure 74) 
across habitats.  They found an abundant and diverse 
community, even when grown in a common garden.  
Differences were present among habitats as well as 
between sexes.  Marks and coworkers suggested that 
differences in communities between males and females 
may contribute to "subtle differences in both physiology 
and form," possibly contributing to their acclimation to the 
local environment.  Females differed from males in having 
higher abundances of the bacterial order Rhizobiales, 
(Figure 142-Figure 143) an order known to have species 
that are able to fix nitrogen.  At the same time, females had 
a lower abundance of nitrogen-fixing Cyanobacteria 
(Figure 94) compared to males. 
 
 

 
Figure 94.  Cylindrospermum sp., a nitrogen-fixing member 

of Cyanobacteria.  Photo from CSIRO ScienceImage, through 
Creative Commons. 

Graham et al. (2018) noted that some bacterial 
associations with Marchantia inflexa (Figure 72-Figure 
74) growing on streambanks (Figure 75) appear to have 
methane oxidation capabilities.  Since streams are known 
sources of methane, albeit heterogeneous within the stream 
(Crawford et al. 2017), the bryophytes might have an 
mportant role in reducing this greenhouse gas. i

 

Marchantia miqueliana 

(syn. = Marchantia cataractarum) 

Distribution 
Marchantia miqueliana appears to be endemic to 

Java.  Because of this narrow distribution, little has been 
published about it.  Siregar et al. (2013) were unable to 
relocate it in Sumatra, a location that had been reported by 
Bischler-Causse (1989).  Instead they found what they 
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considered to be a new species on soil in a wet place 
around the Dwi Warna waterfall at 1100 m asl. 

Aquatic and Wet Habitats 
Marchantia miqueliana occurs on the walls of bays 

and in the spray of waterfalls in the tropics (Ruttner 1955).  
Campbell (1908) likewise reported it from near a waterfall 
in Java.   

Adaptations 

Biochemistry 
Despite its rarity, Campbell et al. (1979) listed 

flavonoids from Marchantia miqueliana.  These included 
apogenin and flavone. 

Marchantia paleacea (Figure 97-Figure 99) 

(syn. = Marchantia nitida, Marchantia nepalensis) 

Bischler (1986) sank a number of species into this one, 
based on type material, but warned that other records of 
these species do not necessarily belong to Marchantia 
paleacea (Figure 98-Figure 100). 

Marchantia paleacea (Figure 97-Figure 99) usually is 
considered to have two subspecies, ssp. paleacea and ssp. 
diptera (Figure 95-Figure 96) (Zheng & Shimamura 2019; 
Zheng et al. 2020b).  In China and Japan, Marchantia 
paleacea subsp. paleacea tends to be distributed in higher 
altitudes and latitudes compared to subsp. diptera (Zheng 
& Shimamura 2019).  Zheng and coworkers (2020b) found 
that the two subspecies overlap in western Japan and may 
be able to interbreed there. 
 

 
Figure 95.  Marchantia paleacea ssp. diptera in Japan.  

Photo by Janice Glime. 

 
Figure 96.  Marchantia paleacea ssp. diptera females with 

capsules, Arimma, Japan.  Photo by Janice Glime. 

Distribution 
Marchantia paleacea (Figure 97-Figure 99) is a 

widely distributed tropical and subtropical species, ranging 
through the West Indies, Mexico, Guatemala, Asia, Europe, 
Azores, and Africa (Svihla 1940).  Country records include 
Andaman Islands, China, India, Japan, New Guinea, 
Ryukyus, southeastern Asia, Sri Lanka, and Taiwan (Lu & 
Huang 2017; Bischler-Causse 1989).  Borovichev and 
Bakalin (2014) added it to the known Russian flora, stating 
that it is poorly known there.  It is considered vulnerable in 
Italy (Poponessi et al. 2020) and rare in southern Africa 
(Perold 1995).  In the Americas, it is known from the 
southern states of the USA, Mexico, and Central America 
(Bischler 1988). 
 
 

 
Figure 97.  Marchantia paleacea thallus growing in Europe.  

Photo by Jan-Peter Frahm, with permission. 

 

 
Figure 98.  Marchantia paleacea in Europe, showing 

reddening of margins.  Photo by Michael Lüth, with permission. 
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Figure 99.  Marchantia paleacea with red bases and distinct 

dichotomous branching.  Photo by Dmitry Ivanov, through 
Creative Commons. 

Aquatic and Wet Habitats 
Marchantia paleacea (Figure 97-Figure 99) can occur 

submersed in small pools, on the walls of bays, and in 
waterfalls in the tropics (Ruttner 1955).  Lu and Huang 
(2017) reported subspecies paleacea to occur on damp soil 
from 300 to 2500 m asl in Taiwan.  It can occur on wet 
rocks beside rivers and streams (Figure 100).  Des 
Callaghan photographed it on a rock wall at the edge of a 
subtropical laurel forest in Madeira (Figure 101).  Zheng 
and Shimamura (2022b) described this subspecies in Japan 
as growing on boulders, soil, concrete, or limestone walls 
in wet or shaded places.  They provided a similar but 
slightly different habitat description of Marchantia 
paleacea ssp. diptera (Figure 95-Figure 96) on stones or 
soil in shaded or semi-shaded areas, anthropogenic regions, 
or near streams. 
 
 

 
Figure 100.  Marchantia paleacea wet by river.  Photo by 

Rafael Medina, through Creative Commons. 

 
Figure 101.  Marchantia paleacea with gemmae on rock 

wall at edge of subtropical laurel forest, Madeira.  Photo by Des 
Callaghan, with permission. 

 
 
 
 
 

Bischler (1986) reported that Marchantia paleacea 
(Figure 97-Figure 99) had a high environmental tolerance, 
i.e. a wide niche, for soil factors, but that its climate 
tolerance was narrower. 

In Oklahoma, USA, Marchantia paleacea (Figure 97-
Figure 99) occurs on constantly moist, shaded rock 
outcrops within a few feet of water, on travertine deposits 
along streams (Figure 102-Figure 106), and on moist, 
shaded bluffs (Figure 107) (Little 1936).  Images provided 
by members of Bryonet indicate that in some parts of the 
world it can occur elsewhere on wet banks (Figure 108-
Figure 109), on the sides of drainage ditches (Figure 109-
Figure 110), and in the splash of spring water (Figure 111-
Figure 112) used for drinking.  
 
 
 
 
 

 
Figure 102.  Marchantia paleacea on emergent rocks in 

stream.  Photo courtesy of Tian-Xiong Zheng (NICH). 
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Figure 103.  Marchantia paleacea on emergent rocks in 

stream.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 
 
 
 
 

 
Figure 104.  Marchantia paleacea on rocks at edge of 

stream.  Photo courtesy of Tian-Xiong Zheng. 

 
Figure 105.  Marchantia paleacea on rocks in open stream.  

Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 106.  Marchantia paleacea on soil bank beside dry 

stream.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 107.  Marchantia paleacea habitat on rocky bank in 

India.  Michael Lüth, with permission. 
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Figure 108.  Marchantia paleacea on a wet bank.  Photo by 

Michael Lüth, with permission. 

 

 
Figure 109.  Marchantia paleacea on concrete wall of ditch.  

Photo courtesy of Tian-Xiong Zheng (NICH). 

 

 
Figure 110.  Marchantia paleacea on concrete wall of ditch.  

Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 111.  Marchantia paleacea on rocks near spring 

water pipe.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 
Figure 112.  Marchantia paleacea on rocks at spring.  Photo 

courtesy of Tian-Xiong Zheng (NICH). 

Physiology 

Kaul et al. (1962) found that regenerating thalli of 
Marchantia paleacea (Figure 97-Figure 99) did not form 
protonemata, contrasting with regenerants of mosses.  
Liquid culture caused the production of more gemmae 
cups.  Those gemmae germinated on solid media produced 
rhizoids, but those in liquid cultures did not, suggesting that 
these would not be able to attach if they germinated in 
water in nature.  However, that might be remedied if the 
water level receded. Unlike observations for most 
Marchantia, gemmae frequently germinated within the 
cups. 
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Takio et al. (1988) demonstrated that Marchantia 
paleacea ssp. diptera (Figure 95-Figure 96) could 
synthesize chlorophyll in the dark as well as in the light in 
cell suspension culture.  This ability continued for the one 
year of experiments.  Doubling time (dry weight) required 
1.2 days in the light, but 1.5 days in the dark.  Could this 
behavior permit the species to survive and even grow while 
temporarily covered by litter or snow?  Ngumi et al. (1990) 
further found that when the dark-grown cells were placed 
in the light, there was no lag phase before they were able to 
grow photoautotrophically.  Their optimum light was 6 W 
mˉ2 or higher in an atmosphere of 2.5% CO2.  Using 
Marchantia paleacea ssp. diptera, Taya et al. (1995) 
obtained "good growth" at 1% CO2. They demonstrated 
both stimulatory and inhibitory light levels.  At levels of 
5.4-60 W mˉ² growth rate increased with light intensity; 
above 60 W mˉ² the rate decreased as the light intensity 
increased. 

One has to ask what advantages a thallose liverwort 
has when it is able to grow heterotrophically in the dark.  
This would seem like a suitable trait for those in areas with 
snow, but this is a species (Marchantia paleacea ssp. 
diptera; Figure 95-Figure 96) that is mostly distributed in 
areas that do not see snow.  Ngumi et al. (1990) grew it 
heterotrophically for two years, in the dark, then transferred 
it to light.  The cells started to grow immediately, 
photoautotrophically, with no lag phase.  Optimum growth 
occurred at 6 W m-2 and above in an atmosphere of 25% 
(v/v) CO2.  The growth cycle exhibited high photosynthetic 
activity (7-88 mol O2 per kg chlorophyll h-1) with a high 
chlorophyll content of 17-25 g per kg dry weight.  The cells 
once again returned to heterotrophic growth when placed in 
the dark. 

Eguchi et al. (2002) investigated further and found that 
transfer of Marchantia paleacea var. diptera (Figure 95-
Figure 96) to darkness resulted in a reversible repression in 
the gene coding for NADPH:  protochloride oxidoreductase 
(EC 1.3.1.33).  Further investigation suggested that the 
photosynthetic electron transport was involved in 
regulation of the stability of the por transcript involved in 
the reactions. 

Nitrogen processing is also affected by light.  Harada 
et al. (1993) found that when dark-grown cells were 
transferred to the light, the levels of activity of NaR and 
NiR activities decreased to about half those of cells 
remaining in the dark.  When ammonium was the only 
nitrogen source supplied, activities of NiR, GS, and 
NADH-GOGAT were greatly reduced.  Fd-GOGAT and 
GDH activities were not affected as greatly.  But all this 
still begs the question how the dark production of 
chlorophyll is able to benefit the plant enough for the genes 
to remain in the population. 

Many bryophytes are known for their ability to 
accumulate heavy metals.  Concentrations of Pb, Cu, Ni, 
and Zn were higher in plant samples of Marchantia 
palacea (Figure 97-Figure 99) from disturbed sites as 
compared to less disturbed sites in the Kumaon Hills, India 
(Sahu et al. 2014). Mn concentration, on the other hand, 
was higher in soil samples as compared to plant samples.  
Correlation analysis (r) was also performed to investigate 
the relationship between the soil samples and accumulation 
of metals in the plant.  At the Bhowali taxi stand (Nainital), 

Sahu and coworkers recorded significant accumulation 
(P<0.01) of Pb, Cu, and Ni.  

It appears that activation of enzymes might help to 
protect Marchantia paleacea ssp. diptera (Figure 95-
Figure 96) from some heavy metals (Tanaka et al. 1995, 
1996, 1998).  The cytosolic Cu/Zn-superoxide dismutase is 
inactivated when the cells are copper deficient and 
reactivated when copper is added (Tanaka et al. 1995).  
The conversion from the active form to the inactive form of 
Cu/Zn-SOD by release of copper is the first step in the 
process of its degradation.  Furthermore, a copper chelator 
causes transformation to the inactive form.  Shiono et al. 
(2003) further found that the presence of copper decreases 
the accumulation of gene transcripts for Fe-SOD, but 
increases that for CuZn-SOD in a moss, whereas it 
produces little effect on the gene for Fe-SOD in the 
liverwort Marchantia paleacea ssp. diptera. 

Shiono et al. (2003) found that whereas copper 
represses the expression of Fe-superoxide dismutase (Fe-
SOD) in chloroplasts of the moss Barbula unguiculata 
(Figure 113), this is not the case in Marchantia paleacea 
ssp. diptera (Figure 95-Figure 96).  Both are typical 
chloroplastic SODs, comparable to those in tracheophytes.  
The difference in M. paleacea var. diptera is that the 
copper has little effect on the gene for the Fe-SOD in the 
liverwort.  Sakaguchi et al. (2004) found that instead the 
photosynthetic electron transport system differentially 
regulates the expression of the SOD genes in M. paleacea 
var. diptera. 
 
 

 
Figure 113.  Barbula unguiculata, a species in which copper 

represses the expression of Fe-superoxide dismutase (Fe-SOD) in 
chloroplasts.  Photo by Michael Lüth, with permission. 

Suzuki et al. (2001) explored the role of phytochrome 
(photoreceptor in plants; sensitive to light in red and far-red 
region of visible spectrum) and red/far-red reversibility in 
Marchantia paleacea ssp. diptera (Figure 95-Figure 96).  
Hata et al. (1997) found that the cell growth rate related so 
well to the light intensity that it could be used to calculate 
the light intensity.  Chlorophyll content was inversely 
related to the light intensity. 

Siregar et al. (2021) demonstrated strong antioxidant 
activity (LC50=25.25 µm mLˉ1) for Marchantia paleacea 
(Figure 97-Figure 99).  This is important during 
rehydration, when most bryophytes experience an oxidative 
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burst.  It appears that the oxidative burst prevents bacteria 
from entering the cells, whereas the antioxidant prevents 
the high oxygen levels from harming the cells. 

Marchantia paleacea (Figure 97-Figure 99) is one of 
the species that has been used as an indicator of heavy 
metals (Afroz & Srivastava 2009).  Alfroz and Srivastava 
found that it is a good accumulator, and therefore can be 
useful as an indicator species of heavy metals in the soil. 

Sahu et al. (2014) similarly touted the use of 
Marchantia paleacea (Figure 97-Figure 99) as a 
bioindicator.  Among their sites in the Kumaon Hills, they 
found that Pb, Cu, Ni, and Zn concentrations were higher 
from disturbed sites.  Mn, on the other hand, was higher in 
soil samples than in the liverwort.  Lead (Pb) exhibited a 
significantly higher concentration in the liverworts at a taxi 
stand. 
 

Adaptations 

Marchantia paleacea (Figure 97-Figure 99) requires a 
somewhat humid environment and can suffer from 
desiccation (Figure 114).  Therefore, it survives with 
adaptations that permit it to live in places that are wet or 
sometimes submersed, but that also can become dry for 
days at a time. 
 
 

 
Figure 114.  Marchantia paleacea in a partially dry 

condition.  Note that the terminal portions, where growth occurs, 
are still alive.  Photo by Jan-Peter Frahm, with permission. 

 
Marchantia paleacea (Figure 97-Figure 99), like other 

members of the genus, has pores (Figure 115) in the upper 
epidermis of the thallus, overlying air chambers that have 
photosynthetic filaments (Apostolakos et al. 1982).  As 
noted earlier by Schönherr and Ziegler (1975), the cuticular 
ledges around the air pores prevent the entry of water into 
the thallus, thus permitting gas exchange without the 
interference of water within the thallus.  The ledge has a 
surface of methyl and methylene groups and is covered by 
a layer of cutin.  Schönherr and Ziegler considered these 
ridges to be "perfect" structures to protect against the entry 
of water. 

 
Figure 115.  Marchantia paleacea with gemmae cups, 

showing thallus pores.  Photo by Efrain DeLuna, through Creative 
Commons. 

Apostolakos and coworkers (Galatis et al. 1978b; 
Apostolakos et al. 1982; Apostolakos & Galatis 1985a,b,c) 
have provided us with a detailed study of the development 
of the air pores and air chambers in Marchantia paleacea 
(Figure 97-Figure 99). 

Oil bodies can have multiple benefits to the liverwort 
plants.  Oil bodies nearly fill the thallus cells they occupy 
in Marchantia paleacea (Figure 97-Figure 990) (Galatis et 
al. 1978c).  The role of oil bodies was the subject of 
speculation for some time.  Galatis et al. (1978a) provided 
an early assessment of the contents of oil bodies in 
Marchantia paleacea.  They observed that the 
polysaccharidic material is first elaborated in the 
dictyosomes, then transferred into the oil bodies by their 
vesicles.  Proteins appear to be absent in the oil bodies.  
However, phenolics and other aromatic compounds seem to 
be present, at least in the inner oil bodies.  These 
observations suggest as the oil bodies serve as energy 
reserves and as sites of protective compounds such as 
phenolics. 

One means of conserving water is to grow with 
overlapping thalli that reduce evaporation (Figure 116-
Figure 118).  Others grow on a mat of mosses (Figure 119).  
These mosses provide a sponge that keeps the water in 
proximity to the rhizoids and that further reduce 
evaporation from the soil. 
 

 
Figure 116.  Marchantia paleacea showing dense, 

overlapping thalli.  Photo by Jan-Peter Frahm, with permission. 
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Figure 117.  Marchantia paleacea with gemmae cup and 

overlapping thalli that reduce evaporation from the soil.  Photo by 
Michael Lüth, with permission. 

 

 
Figure 118.  Overlapping thalli of Marchantia paleacea ssp. 

diptera.  Photo courtesy of Tian-Xiong Zheng (NICH). 

 

 
Figure 119.  Marchantia paleacea growing over mosses in 

India.  Photo by Michael Lüth, with permission. 

Zheng and Shimamura (2019) suggested that the 
inward bent receptacle (Figure 120) of Marchantia 
paleacea ssp. diptera might help it to withstand the high 
temperatures and desiccation it experiences in its southern 
Japan distribution. 

 
Figure 120.  Females of Marchantia paleacea ssp. diptera 

showing inward bent margins of the female receptacle.  Photo  
courtesy of Tian-Xiong Zheng (NICH). 

Reproduction 
 

Marchantia paleacea (Figure 97-Figure 99) is 
considered to be dioicous (Bischler 1986; Perold 1995; Lu 
& Huang 2017).  Like other Marchantia species it 
develops antheridiophores (Figure 121-Figure 122) and 
archegoniophores (Figure 123-Figure 129).  Other than 
these reproductive branches, the two sexes look the same 
(Bischler 1986).  The life cycle is typical for species of 
Marchantia. 
 
 

 
Figure 121.  Marchantia paleacea male plants with 

antheridiophores.  The two lower receptacles, at this stage looking 
like females, appear to be young male receptacles.  Photo by 
Naufal Urfi Dhiya'ulhaq, through Creative Commons. 
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Figure 122.  Marchantia paleacea males with 

antheridiophores.  Note rows of antheridia on the fingers of the 
antheridial head.  Photo by Naufal Urfi Dhiya'ulhaq, through 
Creative Commons. 

 

 
Figure 123.  Marchantia paleacea females showing 

archegonial heads.  Photo by Jan-Peter Frahm, with permission. 

 

 
Figure 124.  Marchantia paleacea females, Nichinan, Japan.  

Photo by Janice Glime. 

 
Figure 125.  Receptacles of Marchantia paleacea ssp. 

diptera, showing how dense these structures can be in the colony.  
Photo courtesy of Tian-Xiong Zheng (NICH). 

 

 
Figure 126.  Marchantia paleacea females with 

archegoniophores.  Photo by Efrain DeLuna, through Creative 
Commons. 

 

 
Figure 127.  Marchantia paleacea archegonial receptacle.  

Photo by Efrain DeLuna, through Creative Commons. 
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Figure 128.  Receptacle of Marchantia paleacea ssp. diptera 

with inward bent margins of the receptacle.  Photo courtesy of 
Tian-Xiong Zheng (NICH). 

 

Figure 129.  Marchantia paleacea females with mature 
archegoniophores.  Photo by 楊玉鳳, through Creative Commons. 

Populations are usually small and do not increase in 
size rapidly (Bischler 1986).  Growth seems to be limited 
by water availability.  The lack of outcrossing may account 
for the limited variability of the species, the absence of 
ecotypes, and division into only two subspecies. 

Male plants in nature are less frequent than female 
plants (Evans 1917; Bischler 1986).  Near the borders of 
the range, males are almost completely absent (Bischler 
1986). 

Sporophytes can be found on the Azores islands and in 
the Caucasus mountains at fairly high elevations (Bischler 
1986).  Thus, male plants are present along with the 
females.  Is it temperature that controls males, or do they 
have a dispersal limitation? 

But even when both males and females are growing 
intermixed, only 25-42% of the females produce sporangia 
(Bischler 1986).  Nevertheless, Bischler wondered why it 
was so high when both sperm and archegonia were elevated 
on stalked structures.  But evidence presented in this 
chapter demonstrates that sperm, easily splashed, swim 

directly to the archegoniophore and may even be carried 
upward by the same means that water moves upward. 

With so few males, especially in some areas, 
Marchantia paleacea (Figure 97-Figure 99), relies to a 
great degree on gemmae (Figure 130-Figure 135) for local 
spread.  As the gemmae age, the gemmae cups may 
disintegrate (Figure 136-Figure 138). 
 

 
Figure 130.  Marchantia paleacea with gemmae cups.  

Photo through Creative Commons. 

 
Figure 131.  Marchantia paleacea with gemmae cups in 

India.  Note the conspicuous pores.  Photo by Michael Lüth, with 
permission. 

 
Figure 132.  Marchantia paleacea with purple margins 

(suggesting stress) and gemmae cups.  Photo by Maria Emília 
Martins, through Creative Commons 
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Figure 133.  Marchantia paleacea with gemmae.  Photo by 

Jan-Peter Frahm, with permission. 

 

 
Figure 134.  Marchantia paleacea with gemmae cups.  

Photo by Jan-Peter Frahm, with permission. 

 

 
Figure 135.  Marchantia paleacea gemmae cup.  Photo by 

楊玉鳳, through Creative Commons. 

 
Figure 136.  Marchantia paleacea with deteriorating and 

nearly empty gemmae cups in Europe.  Photo by Michael Lüth, 
with permission. 

 
Figure 137.  Marchantia paleacea in Bhutan, with 

disintegrating gemmae cups.  Photo by David Long, with 
permission. 

 
Figure 138.  Marchantia paleacea from India showing 

reddening of borders and disintegrating gemmae.  Photo by 
Michael Lüth, with permission. 

Interactions 

Bacterial Interactions 

Using cultures from gemmae of Marchantia paleacea 
(Figure 97-Figure 99), Alcaraz et al. (2018) isolated 
members of Bryobacter, Lysobacter (Figure 139), 
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Methylobacterium (Figure 140), Paenibacillus (Figure 
141), Pirellula, Rhizobium (Figure 142-Figure 143), and 
Steroidobacter from the thalli.  These bacteria are known 
to promote plant growth, degrade complex exudates, fix 
nitrogen, use and convert methylene, and suppress disease. 
 
 

 
Figure 139.  Lysobacter sp. hyphae, a genus associated with 

Marchantia paleacea.  Photo by Don Kobayashi, through 
Creative Commons. 

 
Figure 140.  Methylobacterium jeotgali, member of a genus 

associated with Marchantia paleacea.  Photo from Aslam et al. 
2007, through Creative Commons. 

 
Figure 141.  Paenibacillus polymyxa; some members of this 

genus are associated with Marchantia paleacea.  Photo from 
CDC, through public domain. 

 
Figure 142.  Rhizobium root nodule on Vicia faba roots; 

Rhizobium is a known associate of Marchantia paleacea.  Photo 
by Whitney Cranshaw, through Creative Commons. 

 
Figure 143.  Rhizobium showing typical red color of 

nodules.  Photo from CSIRO, through Creative Commons. 

On the other hand, as in many liverworts, Pinfang et 
al. (2001) found that Marchantia paleacea (Figure 97-
Figure 99) alcohol extracts were active against the Gram-
positive bacterium Bacillus subtilis (Figure 144). 
 

 
Figure 144.  Bacillus subtilis stained with Nile Red, a 

species that is inhibited by alcohol extracts of Marchantia 
paleacea.  Photo by EditorInTheRye, through Creative Commons. 
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In their study of 52 bryophyte species, Banerjee and 
Sen (1979) found that Marchantia paleacea (Figure 97-
Figure 99) exhibited the broadest spectrum of antibiotic 
activity against the 12 microorganisms tested. 
 

Fungal Interactions 

Fungi have played a major role in the nutrition of land 
plants, and Marchantia paleacea (Figure 98-Figure 100) is 
no exception to these benefits.  But they also contribute to 
this relationship.  Rich et al. (2021) found that in the 
relationship between this species and its arbuscular 
mycorrhizal fungi, lipids are transferred from the liverwort 
to the fungus.  Bouwmeester (2021) likewise found that 
liverwort lipids served to "entice" fungi into the mutualism 
and were essential to its establishment. 

When gemmae (Figure 130-Figure 138) from this 
liverwort were cultured with tracheophyte roots, it took 
only 18 days for the liverwort to exhibit arbuscules, 
indicating fungal colonization (Kobae et al. 2019).  These 
arbuscular mycorrhizal fungi entered through the rhizoids. 

Field et al. (2019) identified the presence of both 
Glomeromycotina and Mucoromycotina fungal groups in 
Marchantia paleacea (Figure 97-Figure 99).  They found 
that dual partnerships, hosting two different fungal species, 
provided complementarity both in greater nutrient pool use 
and greater allocation of photosynthate to the fungal 
partners.  The partners seemed to provide different 
functions and the researchers argue for this 
complementarity as a reason for the success of multiple 
fungal partners in the plant kingdom.  In this case, only the 
Mucoromycotina provided liverworts with substantial 
access to algal 5N, unrelated to atmospheric CO22 
concentration.  Both fungal symbionts increased 33P uptake, 
but Glomeromycotina were often more effective. 

Kodama et al. (2021) identified carotenoid-derived 
strigolactones in Marchantia paleacea (Figure 97-Figure 
99).  These compounds are known to both serve as 
hormones to regulate growth and development and to serve 
as rhizosphere-signalling molecules that induce a symbiotic 
relationship with arbuscular mycorrhizal fungi.  However 
evidence suggests that in Marchantia paleacea the receptor 
needed for it to serve as a hormone is absent.  It does, on 
the other hand, seem to serve as a mycorrhizal signalling 
device. 
 

Other Interactions 

It appears that Marchantia paleacea (Figure 97-Figure 
99) might even have allelopathic effects on tracheophytes.  
Wang et al. (2013) found that secondary metabolites, in 
particular bibenzyls, from callus cultures of this species 
could inhibit seedling growth of the flowering plant 
Arabidopsis thaliana (Figure 80), with a dose-dependent 
response. 
 

Biochemistry 

Takio et al. (1998) found that expression of the cDNA 
that encodes the NADPH:protochlorophyllide 
oxidoreductase in Marchantia paleacea ssp. diptera 
(Figure 95-Figure 96) is light-dependent, whereas in most 
tracheophytes it is light-independent.   

So et al. (2002) verified the presence of marchantin C, 
isoriccardin C, and the phenanthrene derivative, 2-hydroxy-
3,7-dimethoxyphenanthrene in Marchantia paleacea 
(Figure 97-Figure 99).  They also described the structures 
of two novel cyclic bis (bibenzyls), isoriccardinquinone A 
and B.   

Yuan et al. (2021) characterized three genes for 
uridine diphosphate-dependent glycosyl transferases 
(DBRs) in this species.  Wu et al. (2018) isolated and 
characterized two double bond reductases (DBRs).  These 
enzymes are capable of catalyzing the NADPH-dependent 
reduction of the α,β-unsaturated double bond.  The two 
reductases differed in their behavior and temperature 
optima.   This was the first report of a microbial type of 
DBR in any plant.  Both enzymes are important in 
protection against environmental stress in liverworts. 

Mukhia et al. (2014) demonstrated that Marchantia 
paleacea (Figure 97-Figure 99) exhibited potential 
antioxidant activity and the existence of a variety of 
phytochemicals involved in scavenging activities. 

Sakurai et al. (2016) identified the monocyclic 
monoterpene aldehyde, perillaldehyde, as the major 
component of volatiles, comprising about 50% of the 
volatiles in Marchantia paleacea subsp. diptera (Figure 
95-Figure 96).  This represents the first report of a 
perillaldehyde in a liverwort.  Minor volatiles included α-
selinene, β-selinene, β-caryophyllene, β-pinene, and 
limonene.  But what do they do for the liverwort? 

We have named a number of secondary compounds 
here, but in many cases their role for the liverwort is 
unclear.  It is presumed that most of these serve in 
protection against pathogens and herbivores, but some 
might simply be intermediates in a pathway toward another 
needed compound.  Others are apparently part of the ability 
to survive drought. 

The antimicrobial properties (Xia et al. 2001) of many 
of these compounds may be of use to them.  Examples 
include action against the Gram-positive bacterium 
Bacillus subtilis (Figure 144).  Xia et al. (2001) isolated 2-
hydroxy-3, 7-dimethoxyphenanthrene, marchantin C, and 
isoriccardin C from Marchantia paleacea (Figure 97-
Figure 99).  

Culturing 
Awasthi et al. (2012) compared sterilization 

techniques in culturing Marchantia paleacea (Figure 97-
Figure 99) and several other thallose liverworts.  They 
found the best results with 1% sodium hypochlorite 
solution for 8-10 seconds.  They used repeated sub- 
culturing to ultimately achieve aseptic cultures.  All of 
these species grew well in half strength Knop’s 
macronutrients + Nitsch’s trace elements with 10 ppm 
freshly prepared ferric citrate under the continuous 
illumination of 4,500-5,000 lux at 20 ± 2ºC. 

Marchantia pappeana (Figure 147) 

Distribution 

Marchantia  pappeana (Figure 145) is widely 
distributed in tropical Africa.  Bischler-Causse (1993) 
reported it from the Cape Verde Islands to Ethiopia and 
south to southern Africa, generally at an elevational range 
of 1000-2500 m.  Its distribution in southern Africa 
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includes the Northern Province, Northern Transvaal, and 
Eastern Transvaal, Gauteng [PWV], Swaziland. Kwazulu-
Natal, eastern [Orange] Free State, and Lesotho (Perold 
1995).  Müller (1995) recorded it for Zaire.  Manyanga and 
Perold (2004) listed it for Zimbabwe.  Enroth et al. (2019) 
recorded it from the Mwatate River in Kenya (see also 
Chuah-Petiot 2001).  The World Flora Online (2022) 
simply describes the distribution as tropical Africa. 
 
 

 
Figure 145.  Marchantia pappeana along ditch in 

Ranomafana National Park, Madagascar.  Photo courtesy of 
Catherine Reeb. 

Aquatic and Wet Habitats 

Marchantia pappeana (Figure 145) often grows in the 
same localities as M. debilis (Figure 28-Figure 36), 
including vertical soil banks of streams (Figure 146-Figure 
148), at waterfalls, at sluice canals, rarely on rotting wood 
or on rocks, in open grassland, or in forests, sometimes in 
deep shade (Perold 1995; World Flora Online 2022). 
 
 

 
Figure 146.  Marchantia pappeana habitat on Zahamean 

riverbanks, Madagascar.  Photo courtesy of Catherine Reeb. 

 
Figure 147.  Marchantia pappeana habitat on Zahamean 

riverbanks, Madagascar.  Photo courtesy of Catherine Reeb. 

 

 
Figure 148.  Marchantia pappeana habitat on Zahamean 

riverbanks, Madagascar.  Photo courtesy of Catherine Reeb. 

Wigginton (2013) considered Marchantia pappeana 
(Figure 145) on Ascension Island to be a plant that grows 
mostly on rocks and soil (Figure 146-Figure 149), rarely on 
tree roots.  Catherine Reeb (pers. comm. August 2022) has 
found it on the walls of ditches (Figure 149). 
 
 

 
Figure 149.  Marchantia pappeana along ditch in 

Ranomafana National Park, Madagascar.  Photo courtesy of 
Catherine Reeb. 
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Reproduction 
Marchantia pappeana (Figure 145) is dioicous 

(Perold 1995).  Male plants produce antheridiophores; 
females produce archegoniophores (Figure 150).  But 
sometimes male branches appear on the female receptacle 
(World Flora Online 2022).     
 

 
Figure 150.  Marchantia pappeana with archegoniophores 

along ditch in Ranomafana National Park, Madagascar.  Photo 
courtesy of Catherine Reeb. 

Sporangia are elevated on the archegoniophore (Figure 
151).  These disperse spores that are aided by wiggling 
elaters (Figure 152) as moisture changes occur. 
 
 

 
Figure 151.  Marchantia pappeana habitat on Zahamena 

riverbanks, Madagascar.  Photo courtesy of Catherine Reeb. 

 

 
Figure 152.  Marchantia pappeana with mature sporangia 

dispersing spores, along ditch in Ranomafana National Park, 
Madagascar.  Photo courtesy of Catherine Reeb. 

Like other species of Marchantia, gemmae (Figure 
153-Figure 154) are important means of asexual 
reproduction.  Their hormone system curtails production of 
gemmae cups when sexual development begins.  Of the 50 
specimens Perold (1995) examined, 62% had cupules, 20% 
had antheridiophores, and 34% had archegoniophores; only 
6% had both cupules and sexual structures. 
 
 

 
Figure 153.  Marchantia pappeana with gemmae cups, in 

river in Zahamena, Madagascar.  Photo courtesy of Catherine 
Reeb. 

 

 
Figure 154.  Marchantia pappeana with gemmae cups and 

distinct pores in river in Zahamena, Madagascar.  Photo courtesy 
of Catherine Reeb. 

Fungal Interactions 
Strullu-Derrien et al. (2014) indicated that the fungal 

associations in Horneophyton ligneri from Rhynie Chert 
closely resemble the Glomeromycota symbionts in 
Marchantia pappeana.  Field et al. (2015) found that the 
Glomeromycota found in Marchantia pappeana (Figure 
155-Figure 156) were similar to the structures of the typical 
arbuscular mycorrhizae occurring in flowering plants.  This 
species lacks studies on the benefits to Marchantia 
pappeana and its partner(s) in this association. 
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Figure 155.  Marchantia pappeana mid thallus colonized by 

Glomeromycota.  Modified from Strullu-Derrien et al. 2014, 
with permission from Jeff Duckett. 

 

 
Figure 156.  Marchantia pappeana colonized by 

Glomeromycota with detail of large vesicle.  Modified from 
Strullu-Derrien et al. 2014, with permission from Jeff Duckett. 

Biochemistry 
Despite its somewhat narrow distribution, Marchantia 

pappeana (Figure 146) has experienced several 
biochemical studies.  Linde et al. (2016) reported that 
sesquiterpene hydrocarbons are characteristic of this 
species (see also Combrinck et al. 2015).  Linde et al. 
(2016) found that crude extracts of M. pappeana from 
South Africa (as well as Pallavicinia lyellii) had the highest 
level of antibacterial activity against Escherichia coli 
among the nine liverworts tested.  Much remains for us to 
learn about the role of these sesquiterpenes for the 
liverwort. 
 
 

 
Summary 

The species of Marchantia covered in this 
subchapter are those of wet habitats.  They may become 

submersed occasionally during flooding events, but 
they do not normally live submersed.  To survive in 
these habitats, they are protected by a thick thallus with 
air chambers to permit CO2 entry.  Oil bodies serve as a 
storage organ for polysaccharides and for secondary 
compounds that help prevent herbivory and protect the 
thallus from pathogens.  A ridge of cutin around the 
pore prevents water entry.  Scales on the lower surface 
help to move water to the thallus and to retain it in 
capillary spaces.  Some rhizoids anchor the thallus 
while others help in directing water to the thallus on the 
lower surface. 

They all have gemmae, which seem to be their 
primary means of reproduction.  Yet some are able to 
colonize rapidly after a fire, suggesting that they are 
also dispersed by spores.  The longevity of spores and 
gemmae has not been tested. 

Secondary compounds, mostly sesquiterpenes and 
flavonoids, help to protect the plants from herbivory 
and pathogens. 
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