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CHAPTER 1-19 
AQUATIC AND WET MARCHANTIOPHYTA, 

CLASS MARCHANTIOPSIDA:  

AYTONIACEAE 

 

 
Figure 1.  A steep stream bank where one might find liverworts in the Aytoniaceae.  Photo by Michael Lüth, with permission. 

Many of the species in this subchapter are not typical 
wetland or aquatic species.  They were, however, found in 
a wetland or aquatic study or other wet habitat. 
 

Marchantiidae – Marchantiales 

Aytoniaceae 

Asterella africana (Figure 2-Figure 3) 

(syn. = Fimbriaria africana) 
 

This species can exhibit a large variability in spore and 
elater dimensions, but other morphological characters seem 
to be relatively constant (Figueiredo et al. 2006). 

Distribution 

Asterella africana (Figure 2-Figure 3) is known from 
southern Europe, Macaronesia, and Africa (Long 2005), 
with widespread distribution in northern Macaronesia, but 
rare in Europe and North Africa (Blockeel 2012).  Casas 
(1998) listed it for Spain and the Balearic Islands.  
Rupidera Giraldo and Elias Rivas (1996) reported it from 
the Ibérian Peninsula.  Blockeel (2012) reported it from 

Crete as new to Greece.  It occurs on Madeira and 
mainland Portugal (Sérgio et al. 2001; Figueiredo et al. 
2006; Sim-Sim et al. 2010; Luís et al. 2015).  Frahm 
(2005) found it on 5 of the 9 islands of the Azores.  Van 
Dort and Nieuwkoop (2003) reported it from the laurel 
forests of the Canary Islands.  Aleffi (2005) listed it from 
Italy. 
 

 
Figure 2.  Asterella africana thallus.  Photo by Jan-Peter 

Frahm, with permission. 
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Figure 3.  Asterella africana on soil.  Photo by Jan-Peter 

Frahm, with permission. 

Aquatic and Wet Habitats 

Long (2005) considered Asterella africana (Figure 2-
Figure 3) to have hygromorphic characters, but Losada 
Lima and Beltran Tejera (1987) considered it mesophytic 
in the Canary Islands.  On the Iberian Peninsula Sérgio and 
García (2009) found that A. africana was associated with 
moderate temperatures and high humidity. 

Luís et al. (2010) consider Asterella africana (Figure 
2-Figure 3) to be riparian in Madeira (Figure 4), where it 
occurs in mountain streams (Luís et al. 2015).  Luís and 
coworkers (2010) found that riparian bryophytes are 
affected by the habitat and position in the stream, but not 
by the main aspect (northern versus southern slope). 
 

 
Figure 4.  Fog among the mountains on Madeira Island.  

Photo courtesy of Michael Stech. 

In the Adelantado Forest on Tenerife, wet habitats and 
shady areas permit the establishment of bryophytes that are 
scarce elsewhere (Cedrés-Perdomo et al. 2017).  Among 
these, Asterella africana (Figure 2-Figure 3) occupies 
slopes near the ravine, taking advantage of the wet 
conditions.  It is also frequent on shady humid slopes of 
ravines on Tenerife (Losada Lima & Beltran Tejera 1987).  
Patiño et al. (2010) considered anthropogenic disturbances 
such as water pollution and canalization to be a threat to 
this species along streams on the Canary Islands. 

With these moisture requirements, it is not surprising 
to find Asterella africana (Figure 2-Figure 3) in 
association with waterfalls.  González-Mancebo and 
Hernández-García (1996) found Asterella africana to be 
abundant on rocks and soil near continuously flowing 
springs and waterfalls in the Canary Islands.  Capelo et al. 
(2005) reported a similar habitat on basalt in a waterfall on 
Madeira Island. 

In Crete, one can find Asterella africana (Figure 2-
Figure 3) on wet schistose rock ledges near a stream, where 
it seems to be always saturated (Blockeel 2012).  Dirkse 
(1995) reported that on the Canary Islands it prefers 
sheltered rocks with dripping water, especially laurel and 
pine forests.  Van Dort and Nieuwkoop (2003) similarly 
found it in the laurel forests of the Canary Islands.  In 
particular, they found it at the foot of damp walls, where it 
was accompanied by Bryum donianum (Figure 5). 
 

 
Figure 5.  Bryum donnianum, a species that accompanies 

Asterella africana at the base of damp walls in the Canary 
Islands.  Photo by Michael Lüth, with permission. 

Sérgio et al. (2010) found Asterella africana (Figure 
2-Figure 3) on wet slopes on Macaronesia, again in laurel 
forests.  Dirkse and Bouman (1996) found A. africana in 
the wettest and darkest places on the Canary Islands.  
Hernándes-García et al. (1995) considered it to be 
hydrophilic on the Islands, occurring in areas with low light 
and abundant drip. 

Lava tube and pit cave entrances can provide 
interesting habitats for bryophytes.  In the Azores, 
Asterella africana (Figure 2-Figure 3) seems to do well in 
such cave entrance habitats (Gabriel et al. 2008, 2011).  It 
is possible that this habitat is a refugium because all recent 
records for Asterella africana are from cave entrances 
(Gabriel et al. 2008). 

Physiology 

Few studies discuss any aspect of the physiology of 
Asterella africana.  Pedrotti (1996) considers the species to 
have "thermophilic tendencies." 

Adaptations 

Long (2005) compared the hygromorphic Asterella 
africana (Figure 2-Figure 3) to the xeromorphic Asterella 
persica.  In A. africana, the thallus is thin with large air 
chambers, whereas in the xeromorphic A. persica the 
thallus is thick and leathery with spongy assimilation tissue 
that has small, irregular air chambers.  This is consistent 
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with the conclusion that air chambers in bryophytes 
provide for better gas exchange, but are a source of water 
loss. 

On the Canary Islands, humidity conditions, substrate 
dynamics, and vegetation disturbance are important in 
influencing the life strategies present (González-Mancebo 
& Hernández-García 1996).   These researchers report that 
Asterella africana (Figure 2-Figure 3) is a long-lived 
species, a strategy they consider typical around 
continuously flowing springs and waterfalls on both rocks 
and soil.  In the Canary Islands, they found that the 
perennial life strategy is best represented in the more humid 
forests. 

By contrast, Lloret and González-Mancebo (2011) 
considered Asterella africana (Figure 2-Figure 3) to be a 
short-lived shuttle species in the Canary Islands.  These 
differences are likely the result of sampling two different 
habitat conditions, with the Lloret and González-Mancebo 
study being an altitudinal study. 

Reproduction 

On the Canary Islands, from which one can find many 
records of the presence of Asterella africana (Figure 2-
Figure 3), the breeding systems, climatic conditions, and 
rarity can have considerable influence on the fertility of the 
species. 

Asterella africana (Figure 2-Figure 3) is monoicous 
(Figure 6) (Long 1999, 2005).  More specifically, it is 
paroicous (with archegonia and antheridia on same branch 
or stem) (Bischler-Causse & Long 1993).  Losada Lima 
and Beltran Tejera (1987) found it fertile with archegonial 
heads (Figure 6-Figure 9) in the Canary Islands from 
February to July, and occasionally in November. 
 
 

 
Figure 6.  Asterella africana with young archegoniophores.  

Photo by Tim Waters, through Creative Commons. 

Biochemistry 

Although this species has a restricted distribution and 
is rare in many areas, the essential oils have been 
elucidated.  The species of Asterella commonly produce 
intense scents (Ludwiczuk & Asakawa 2015).  These odors 
are products of essential oils.  Figueiredo et al. (2006) 
found that the essential oils were dominated by the 
monoterpene fraction (79-84%).  These were 

predominantly myrtenyl acetate (30-42%) and α-pinene 
(10-17%).  Sesquiterpene and non-terpenoid fractions 
amounted to only 1-2% and 4-8%, respectively (see also 
Asakawa et al. 2013). 
 
 

 
Figure 7.  Asterella africana on Tenerife with young 

archegoniophores.  Photo by Jonathan Sleath, with permission. 

 

 
Figure 8.  Asterella africana archegonial heads.  Photo by 

Jan-Peter Frahm, with permission. 

 

 
Figure 9.  Asterella africana archegonial head with capsules.  

Photo by Jan-Peter Frahm, with permission. 
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Asterella khasyana (Figure 10-Figure 15) 

(syn. = Fimbriaria khasyana; Rhacotheca azorica) 

Distribution 

Asterella khasyana (Figure 10-Figure 15) is 
distributed in southeast Asia and tropical Africa (Long 
2005).  Its records include India, Pakistan, Nepal, 
Indochina, Indonesia, Bhutan, China, Philippines, and 
Thailand (Piippo 1990; Kaul et al. 1995; Piippo et al. 1997; 
Boonkerd et al. 2007; Singh & Singh 2008a; Daniels 2010; 
Piippo 2010; Singh et al. 2010; Piippo & Koponen 2013).  
It is common in the Great Himalayan National Park (Singh 
& Singh 2008a).  Matcham (2000) found it in Uganda, 
Africa.  Piippo and Koponen (2013) considered it to be 
present but very rare in Hunan Province, China. 
 
 

 
Figure 10.  Asterella khasyana with archegoniophores and 

drying thalli.  Photo by Manju Nair, through Creative Commons. 

 

 
Figure 11.  Asterella khasyana with archegoniophores.  

Photo by David Long, with permission. 

Aquatic and Wet Habitats 

Habitats for Asterella khasyana (Figure 10-Figure 11) 
vary.  Karki and Ghimire (2019) consider it to be 
terricolous and saxicolous in Central Nepal, where it is 
locally rare.  Dixit and Kerketta (2019) likewise consider it 
terricolous in the Lafa Hills, Chhattisgarh, India.  But it 
seems to be predominantly reported from wet habitats. 

Matcham (2000) reported Asterella khasyana from a 
very wet cliff in Uganda.  

For bryophytes such as Asterella khasyana (Figure 10-
Figure 11) that tend to be moisture loving, waterfalls offer 
a suitable habitat.  Not many species can withstand being in 
the strong flow of the falls themselves, but the moist stream 
or river bank that is in the spray zone is a suitable habitat 
for many of these moisture loving species.  Long (2006) 
reported Asterella khasyana from wet rocks by a waterfall 
in the Himalayas. 

In the Himalayas, Asterella khasyana (Figure 10-
Figure 11) occurs on damp rocky banks by the road (Long 
2006).  It has a sufficiently wide moisture tolerance to be 
found in dry habitats as well as wet ones.  Long (2006) 
found it in a steep valley with patches of evergreen broad-
leaved forest in the Himalayas in areas that are not wet.  
Singh and Singh (2008a) even classify it as terrestrial in the 
Great Himalayan National Park, where it is common, but 
state that it grows in moist and shady places.   

For those species that are tolerant of higher humidity, 
stream and river banks are suitable and often preferred 
habitats.  Piippo and Koponen (2013) reported Asterella 
khasyana (Figure 10-Figure 11) from sand on a wet brook 
side in Hunan Province, China.  But also in China, in 
Hunan, Piippo and Koponen (2013) report A. khasyana 
from secondary forests and on sandy forest slopes.  Piippo 
and Koponen (2013) also reported it from a cliff in China, 
where it has a humus substrate.  Its rarity in the province 
may reflect a lack of suitable habitat, but it is more likely 
the result of not having arrived yet. 

  Boonkerd et al. (2007) reported Asterella khasyana 
(Figure 10-Figure 11) on moist, sandy soil slopes and rocks 
in exposed areas of the lower montane forests in Thailand.  
Paudel (2019) found it commonly in terrestrial habitats in 
Kailali in the Far West Nepal, where it was among the few 
species found in both acidic and basic pH. 

Adaptations 

Asterella khasyana (Figure 10-Figure 11) seems to 
cope with its somewhat wide range of habitats by several 
adaptive strategies.  Long (2005) considers its thin, delicate 
thallus with large air chambers in overlapping layers to be 
hygromorphic characters.  It lacks photosynthetic filaments 
in these chambers.  It would be interesting to compare these 
characters among a large number of populations from 
varying degrees of moisture.   

In some terricolous habitats A. khasyana grows in 
association with leafy liverworts (Dixit & Kerketta 2019), 
most likely affording it a greater water retention in its 
habitat.  Sreenath and Rao (2020) found that in Andhra 
Pradesh, India, the species forms irregular rosettes that are 
often associated with Fissidens jungermannioides and 
other acrocarpous mosses, again a habit that is likely to 
conserve moisture. 

Reproduction 

Asterella khasyana (Figure 10-Figure 11) is 
monoicous, with its androecia on the main thallus just 
behind the base of the archegoniophore (paroicous) 
(Boonkerd et al. 2007).  The archegonial heads (Figure 12-
Figure 14) have distinct projections that may help in 
conservation of moisture, but we must also consider the 
possibility of light scattering to prevent damage to 
sporogenous tissue and developing spores. 
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Figure 12.  Asterella khasyana with archegonial heads.  

Photo by David Long, with permission. 

 

 
Figure 13.  Asterella khasyana archegonial heads.  Photo by 

Jan-Peter Frahm, with permission. 

 

 
Figure 14.  Asterella khasyana archegoniophores showing 

maturing sporangia looking like beaks.  Photo by Jan-Peter 
Frahm, with permission. 

 
The spores in Asterella khasyana (Figure 10-Figure 

11) are large, ranging 65-78 µm in some Indian populations 
(Singh & Singh 2008b) and 80-90 µm in the Andhra 
Pradesh, India (Sreenath & Rao 2020).  In Thailand, 
Boonkerd et al. (2007) reported a range of 75-90 µm.  
Alam et al. (2020) report spores that are 85-100 µm in 
southern India.  Naveen et al. (2014) described the 
morphology spores of the species in India.  It would be 

interesting to know how the spore size relates to habitat and 
to dispersal ability in this species. 

No specialized asexual reproductive structures are 
known in Asterella (Schuster 1992), but Chaturvedi and 
Eshuo (2012) described abnormal asexual reproduction in 
Asterella khasyana (Figure 10-Figure 11).  This was 
accomplished by the development of new thalli from the 
archegonial head (Figure 15), a type of regeneration. 
 

 
Figure 15.  Asterella khasyana regeneration of archegonial 

head.  Photo by Sunil Chaturvedi, with permission. 

Mannia fragrans (Figure 16-Figure 18) 

(syn. = Grimaldia fragrans) 

Distribution 

Mannia fragrans (Figure 16-Figure 18) is widely 
distributed, but its distribution is disjunct (Schuster 1992).   
Portions of its distribution are relict.  It is known in Asia 
(Himalayan Mountains, Korea, China, Japan), Europe, and 
scattered locations in North America (Schuster 1992; Choi 
et al. 2020), but it is relatively rare, despite its widespread 
distribution. 
 
 

 
Figure 16.  Mannia fragrans thallus with scales.  Photo by 

Martin Hutten, with permission. 
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Figure 17.  Mannia fragrans growing on the ground.  Photo 

by Michael Lüth, with permission. 

 
Figure 18.  Mannia fragrans showing curling dry thalli.  

Photo by Michael Lüth, with permission. 

When Oesau (2010) investigated the current presence 
of Mannia fragrans (Figure 16-Figure 18) in the lower 
valley of the River Nahe, Germany, they were able to 
confirm its previously known locations in conservation 
areas, but they warned that it is nevertheless endangered 
due to natural succession and damage by game animals. 

Aquatic and Wet Habitats 

Schuster (1992) describes both xeromorphic and 
mesomorphic ecotypes for Mannia fragrans (Figure 16-
Figure 20).  Conard (1940) refers to Iowa, USA, 
populations as distinctly xerophytic, growing in wooded 
areas or on stony hills in the prairie, but it is also frequent 
on rocks in half shade.  Oesau (2010) found it in the arid 
region of the River Nahe in Germany. 

Nevertheless, Mannia fragrans (Figure 16-Figure 20) 
occurs along calcareous rivers in Connecticut, USA 
(Nichols 1916). 

Bakalin et al. (2019) reported a number of locations in 
Amur Province in Russia, but none of these was wet.  Only 
mesic sandstone cliffs and crevices were somewhat moist. 

In Poland Mannia fragrans (Figure 16-Figure 20) has 
been considered an endangered species (Piwowarczyk & 
Stebel 2012).  Nevertheless, while it is threatened by 
succession of tracheophytes (Figure 21), it has been 

released from the damage due to former grazing.  The 
researchers describe it as "almost all over the slope above 
the Kamienna River in the village of Podgrodzie." 
 
 

 
Figure 19.  Mannia fragrans soil habitat.  Photo by Michael 

Lüth, with permission. 

 

 
Figure 20.  Mannia fragrans on bank.  Photo from Gencat, 

with online permission. 

 

 
Figure 21.  Mannia fragrans showing competing 

tracheophytes and lichens.  Photo by Michael Lüth, with 
permission. 
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One habitat that seems to favor Mannia fragrans 
(Figure 16-Figure 20) is wind holes (Figure 22).  Choi et al. 
(2020) report its presence on shaded rocks near the wind 
hole in broad-leaved deciduous forests in Korea.  Bakalin 
et al. (2017) describe these as formations where the wind 
enters large holes tens of meters above, then goes 
underground, where it passes among wet stones and cliffs 
in areas with much lower temperatures due to evaporation 
of water from the stones.  Therefore, at the exit hole, the air 
temperature may be about 10ºC below that of the 
surrounding environment.  This provides suitable habitat 
for several Mannia species. 
 
 

 
Figure 22.  Wind hole in Bihor Mts. in Transylvania, 

Romania.  Note cryptogams growing on the interior walls.  Photo 
courtesy of Tamás Pócs. 

Physiology 

In Mannia fragrans (Figure 23-Figure 24) all cells 
survived 12 hours at 20ºC and 15% humidity, making it the 
most desiccation-tolerant species among the 33 species 
reported (Clausen 1964).  When in ice at -10ºC, it was 
unable to survive for even two days, but when partly 
desiccated it did survive 2 days at -10ºC.  This suggests that 
when it is hydrated, there is likely to be membrane damage 
due to formation of crystals or cell expansion. 
 
 

 
Figure 23.  Mannia fragrans on soil in a dry state.  Photo by 

Michael Lüth, with permission. 

 
Figure 24.  Mannia fragrans dry and curled.  This might 

reduce moisture loss, but it could also reduce light damage in the 
dormant cells.  Photo by Janice Glime.  The dark color also helps 
to prevent light damage. 

Adaptations 

Sometimes Mannia fragrans grows with other 
bryophytes (Figure 25-Figure 26).  This behavior can take 
advantage of the capillary water held by the adjoining 
bryophytes to maintain its own moisture longer. 
 
 

 
Figure 25.  Mannia fragrans with emerging 

archegoniophores and accompanying mosses.  Photo by Angus 
Mossman, through Creative Commons. 

 

 
Figure 26.  Mannia fragrans with mosses, where it could 

benefit from their moisture retention.  Michael Lüth, with 
permission. 
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In other cases, its own thalli tightly cover the ground 
(Figure 27), reducing evapotranspiration.  This is probably 
useful in some habitats in preventing erosion and protecting 
soil organisms. 
 

 
Figure 27.  Mannia fragrans showing overlapping and 

tightly adhering thalli of a nearly pure colony.  Photo by Michael 
Lüth, with permission. 

One potential adaptation to obtaining and maintaining 
moisture is the presence of ventral scales (Figure 28).  In 
other liverworts, these are known to provide capillary 
spaces that facilitate the uptake of water throughout the 
thallus. 
 

 
Figure 28.  Mannia fragrans ventral scale with transparent 

appendages.  Photo from Dale A. Zimmerman Herbarium, 
Western New Mexico University, with permission. 

Reproduction 

The genus Mannia can be dioicous or monoicous 
(Choi et al. 2020).  Mannia fragrans (Figure 29) is 
polyoicous (species being both monoicous and dioicous) 
(Schuster 1992).  Hock et al. (2009) noted that colonizers 
that produce both sex organs are favored in selection 
because they ensure sexual reproduction when no partner is 
present.  This is especially important for species like 
Mannia fragrans that have no specialized means of 
asexual reproduction. 

 
Figure 29.  Mannia fragrans with antheridial patches (dark 

brown) and young archegoniophores (pinkish red with scales, but 
it is hard to determine if they are on the same plant or on different 
plants.  Photo by Jan-Peter Frahm, with permission. 

The male branches or plants (Figure 30-Figure 31) 
produce patches of antheridia on the thallus surface.  The 
phenology of these sexual structures, including the 
conditions that trigger their initiation, need to be studied. 
 
 

 
Figure 30.  Mannia fragrans on soil in NW Iowa, USA, with 

a few brown antheridial patches.  Photo by Janice Glime. 

 

 
Figure 31.  Mannia fragrans with brown patches of 

antheridia.  Photo by Janice Glime. 
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In Mannia fragrans (Figure 29), there is a strong 
female-biased sex ratio (Figure 32-Figure 35); sexual 
expression is high (Hock et al. (2008b).  This high 
expression contributes to high fertilization rates and may 
account for its widespread distribution.  But its relative 
rarity suggests that most arrival sites do not provide the 
conditions needed for establishment. 
 

 
Figure 32.  Mannia fragrans thalli with developing 

archegoniophores.  Photo by Michael Lüth, with permission. 

 
Figure 33.  Mannia fragrans with beginning stages of 

archegoniophores and scales.  Photo by Štĕpán Koval, with 
permission. 

 
Figure 34.  Mannia fragrans showing archegoniophore 

scales.  Photo from Dale A. Zimmerman Herbarium, Western 
New Mexico University, with permission. 

 
Figure 35.  Mannia fragrans archegonial heads with scales.  

Note the browning thalli that can leave small apical portions for 
potential dispersal.  Photo by Aaron Carlson, through Creative 
Commons. 

The archegoniophore is surrounded by white scales 
(Figure 34-Figure 38) that remain at the base when it 
elongates.  Perhaps these help to maintain the proper 
moisture levels at the time of fertilization.  Following 
sexual reproduction, there is further growth in male plants, 
but not in female plants/branches (Hock et al. 2009).   
 
 

 
Figure 36.  Mannia fragrans young archegonial head with 

scales.  Photo by Aaron Carlson, through Creative Commons. 
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Figure 37.  Mannia fragrans archegonial head with scales as 

it emerges from the thallus.  Photo by Botanicalwanderer, through 
Creative Commons. 

 
Figure 38.  Mannia fragrans female lobes with only small 

apical portions of the thallus remaining.  Photo by Samuel 
Brinker, through Creative Commons. 

Despite the elevation of the sporangia on the extended 
archegoniophore (Figure 39), the large spores [60.0-82.0 
µm (Figure 40) (Choi et al. 2020)] will mostly fall back to 
the same population.  This results in significant differences 
between distant populations and signals negligible gene 
flow between them.  There are numerous rare alleles and 
unique recombinations, indicating that at least occasional 
recombination and mutation do occur (Hock et al. 2009).  
In Japan, mature spores occur in early winter (Furuki 
1992). 
 

 
Figure 39.  Mannia fragrans mature archegonial heads with 

dehisced sporangia.  Photo by Václav Dvořák, through Creative 
Commons. 

 
Figure 40.  Mannia fragrans distal spore wall SEM.  Photo 

by William T. Doyle, with permission. 

Asexual reproduction in Mannia fragrans occurs 
commonly by fragmentation of thalli (Figure 41) (Hock et 
al. 2008b).  But despite the high frequency of spore 
production, the genetic diversity within populations is low, 
suggesting that fragmentation is an important source of 
new plants (Hock et al. 2008b, 2009).  Even when sexual 
reproduction occurs within the population, it is likely to 
occur between two identical genomes that have arisen 
through fragmentation.   
 
 

 
Figure 41.  Mannia fragrans with what appear to be dying 

older thalli with green apices and early stages of sexual structures.  
As these older parts of thalli die, they provide a means of 
fragmentation.  During rain events, these smaller pieces of thalli 
could become dislodged, facilitating dispersal.  This dispersal 
mechanism needs to be documented. 

 
Hock et al. (2008a, b) used Mannia fragrans (Figure 

41) to demonstrate that a diaspore bank can conserve 
genetic variability over generations and seasons.  
Propagules can remain in the soil for extended periods of 
time, then come to the surface following a disturbance, and 
grow, expressing the gene pool of previous points in time.   
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Fungal Interactions 

De (2017) found that the Glomeromycota fungus 
Planticonsortium tenue (=Glomus tenue) grows in 
association with the gametophyte of Mannia fragrans 
(Figure 41).  It primarily colonizes the smooth rhizoids, but 
can also live among the scales (Figure 28) and tuberculate 
rhizoids.  From there, the fungus grows upward into the 
parenchyma cells of the thallus midrib and crosses the cell 
walls through the plasmodesmata.  It is interesting that 
vesicles are able to develop in the smooth rhizoids and in 
the scales, but fail to develop in the tuberculate rhizoids.  
Within the thallus, the fungus occurs mostly intracellularly, 
forming vesicles and arbuscules in the midrib cells.  Young 
cells are fungus free. 

Biochemistry 

As its name implies, Mannia fragrans (Figure 41) is 
usually aromatic, with the odor of cedar oil, although there 
seem to be some population variants (Choi et al. 2020).  
Schuster (1992) describes it as "oil cells frequent."  
Asakawa (2007) attributes the strong, sweet mossy odor to 
the cuparene-type sesquiterpene ketone, grimaldone. 

Huneck et al. (1988a) reported pakynol as a 
macrocyclic bisbibenzyl diether from Mannia fragrans 
(Figure 41).  Nogradi et al. (1990) later elaborated the 
synthesis of the compound in this species and Böcskei and 
Keserű (1994) described its crystal structure.   

Huneck et al. (1988b) described the structure of the 
tricyclic sesquiterpenoid grimaldone in this species.  
Odrzykoski and Szweykowski (1981) found that Mannia 
fragrans (Figure 41) has only one form of glutamate 
dehydrogenase, but has two forms for glutamate-
oxaloacetate transaminase. 

Mannia triandra (Figure 42-Figure 43) 

(syn. = Mannia rupestris) 

There is a surprising number of publications on this 
species.  Schill (2006) wrote a dissertation on the taxonomy 
and phylogeny of the genus Mannia. 

Distribution 

Mannia triandra (Figure 42-Figure 43) is a disjunct, 
circumpolar, subcontinental species from subarctic and 
subalpine regions (Müller et al. 2014), i.e. arctomontane 
(Borovichev & Bakalin 2016).  Its distribution includes 
Europe [Montenegro (Duda 1965) and Albania, Austria, 
Bosnia, Bulgaria, Croatia, Czech Republic, France, 
Germany, Hungary, Italy, Macedonia, Poland, Romania, 
Russia, Slovakia, Slovenia, Sweden, Switzerland, Ukraine  
(Hugonnot & Offerhaus 2005; Sabovljević & Natcheva 
2006; Müller et al. 2014)], North America (Greenland, 
Canada, USA), and Asia (China, Japan, Russia) (Müller et 
al. 2014).  Schuster (1992) questions the Japanese record as 
probably another species.  Furthermore, there seemed to be 
no recent records in Bosnia, Macedonia, or Slovenia 
(Sabovljević & Natcheva 2006; Ros et al. 2007; Alegro et 
al. 2019).  However, in 2017, Krajšek and Martinčič 
reported several localities for it in Slovenia and cautioned 
that it is only visible in spring due to its ephemeral life 
cycle.  Records for Spain appear to be based on problems 
of incorrect synonymy and Brugués et al. (2011) therefore 
excluded it from the flora there. 

 
Figure 42.  Mannia triandra on soil in Europe.  Photo by 

Michael Lüth, with permission. 

 
Figure 43.  Mannia triandra thalli amid other bryophytes.  

Photo by Michael Lüth, with permission. 

Mannia triandra (Figure 42-Figure 43) is a calcicole, 
concentrated mostly at low elevations in the Alps (Schuster 
1992).  Shershen et al. (2018) reported M. triandra from 
the Loud Thunder Forest Preserve in Illinois, USA.  Conard 
(1940) reported it as rare in Iowa, USA. 

Mannia triandra (Figure 42-Figure 43) is red-listed 
(threatened or endangered) in many of the countries where 
it occurs (Schumacker & Matriny 1995; Kučera & Váňa 
2003; Colacino & Sabovijevic 2006; Martinčič 2009; 
Németh & Papp 2011; Dulin 2013; Zechmeister & 
Köckinger 2014; Borovichev & Bakalin 2016; Hodgetts et 
al. 2019). 

Aquatic and Wet Habitats 

Mannia triandra (Figure 42-Figure 43) is a species 
that occurs on Ca-rich or other basic substrata (Borovichev 
& Bakalin 2016).  Hugonnot (2010) considers it to be a 
temporary hygrophile.  Philippe (2013) says it is 
"absolutely not rupicolous," i.e., it does not grow on rocks.  
Conard (1940) states that it is strictly xeric in Iowa, USA. 

But this xerophytic habit is not universally true.  In 
Hungary, Németh (2011) found Mannia triandra (Figure 
42-Figure 43) growing with Clevea (=Athalamia) hyalina 
(Figure 44), Myurella julacea (Figure 45), and 
Plagiobryum zieri (Figure 46) on north-facing slopes 
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where it is shaded, humid, and "rather cool" (see also 
Németh & Papp 2011).  It is mesothermophilic (Dierßen 
2001).  Philippe (2013) describes its habitat of Bonneille, 
France, as one that has a misty escarpment with a high 
spring humidity and dry summer.  But none of the colonies 
occurred in habitats that were even temporarily oozing. 
 

 
Figure 44.  Clevea hyalina, a species that accompanies 

Mannia triandra in cavities of vertical rocks.  Photo by Hugues 
Tinguy, with permission. 

 
Figure 45.  Myurella julacea, a species that accompanies 

Mannia triandra in cavities of vertical rocks.  Photo by Michael 
Lüth, with permission. 

 
Figure 46.  Plagiobryum zieri, a species that accompanies 

Mannia triandra in cavities of vertical rocks.  Photo by Tomas 
Hallingbäck, with permission. 

Dürhammer (2017) finds Mannia triandra (Figure 42-
Figure 43) on permanently humid substrata of calcareous 
rocks that are adequately lit.  It is endangered in the damp 
cracks in the rock due to the rock climbers who tend to rest 
there or use them as footholds.  It does especially well in 
humid rock overhangs, but that habitat is particularly 
fragile.  Meinunger (1992) found that the same problems 
face populations in Germany.  These habitats contrast with 
Philippe's (2013) assertion that it is not rupicolous, 
suggesting again that it may have population differences. 

Borovichev and Andreeva (2009) found Mannia 
triandra (Figure 42-Figure 43) on limestone outcrops on 
the river bank in the Lapland Nature Reserve, Murmansk, 
Russia, where it was moist and shady. 

Borovichev (2014) found that in the Murmansk 
Province of Russia, Mannia triandra (Figure 42-Figure 43) 
grows exclusively on calcareous substrates.  Philippe 
(2013) describes M. triandra as chasmophilic, living in 
crevices of limestone escarpments.  Alegro et al. (2019) 
reported it from small, earthy pits and cavities of vertical 
rocks, often accompanied by Preissia quadrata (Figure 
47). 
 

 
Figure 47.  Preissia quadrata with archegoniophores, a 

species that often accompanies Mannia triandra in cavities on 
rocks.  Photo by Oskar Gran, through Creative Commons. 

Papp (1980) reported the only known location for 
Mannia triandra (Figure 42-Figure 43) in Hungary to be 
the base of a large limestone rock wall.  Németh and Papp 
(2011) found it in cool, humid microhabitats of north-
facing calcareous slopes in the Bükk Mountains of 
Hungary.  Papp et al. (2007) reported it from limestone 
cliffs.  In the Komi Republic of Russia, Dulin (2013) found 
it on ledges of southeast-facing outcrops (Figure 48-Figure 
50). 
 

 
Figure 48.  Mannia triandra on rock in a large crevice.  

Photo by Renzo Salvo, through Creative Commons. 
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Figure 49.  Mannia triandra in limestone rock crevice.  

Photo by Hugues Tinguy, with permission. 

 

 
Figure 50.  Mannia triandra on rock ledge.  Photo by Oliver 

Dürhammer, through Creative Commons. 

In the Korean Peninsula, Mannia triandra (Figure 42-
Figure 43) occurs in wind holes (Figure 22) (Borovichev & 
Bakalin 2016).  These cooler locations serve as refugia for 
rare alpine plants. 

But often, Mannia triandra (Figure 42-Figure 43) 
occupies habitats that are not moist (Németh & Papp 2011).  
In the Bükk Mountains of Hungary, these include rock 
crevices on dolomite, soil (Figure 51) at the base of near 
vertical rock walls, and humus containing dolomite 
fragments between surface roots of small Fagus sylvatica 
(Figure 52) and Fraxinus ornus trees.  Conard (1940) 
reported it from exposed dry rocks in wooded areas and on 
stony hills in the prairie in Iowa, USA. 
 

 
Figure 51.  Mannia triandra on soil.  Photo by Hugues 

Tinguy, with permission. 

 
Figure 52.  Fagus sylvatica roots, providing a habitat where 

one might find Mannia triandra.  Photo by Vegetator, through 
Public Domain. 

Physiology 

Dierßen (2001) described the ecological amplitude of 
European bryophytes, including Mannia triandra (Figure 
42-Figure 43).  Simmel et al. (2021) assigned an Ellenberg 
Indicator Value (EIV) for N of only 3, an indicator that it 
occurs on sites that are more or less infertile. 

The range of habitats known for Mannia triandra 
(Figure 42-Figure 43) suggest that it has a relatively wide 
moisture tolerance (Figure 53).  Its presence on rock 
surfaces indicate that it will get dried out at times (Figure 
53). 
 
 

 
Figure 53.  Mannia triandra in a dry condition.  Photo by 

Hermann Schachner, through Creative Commons. 

Adaptations 

Mannia triandra (Figure 42-Figure 43) is a short-
lived shuttle species (Orbán 1984; Németh & Papp 2011), 
permitting it to occupy transient habitats. 

Mannia triandra (Figure 42-Figure 43) has well 
developed aerenchyma in the thallus (Figure 54), 
occupying 2-3 layers in the middle of the thallus and 
completely filling the wings (Borovichev & Bakalin 2016).  
These are, however, empty, having no photosynthetic 
filaments.  Hence, they serve as reservoirs for CO2, but can 
also increase evapotranspiration. 
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Figure 54.  Mannia triandra thallus section showing air 

chambers and pores.  Photo by Hermann Schachner, through 
Creative Commons. 

Based on images I have seen, Mannia triandra (Figure 
42-Figure 43) can grow with densely intermingled other 
bryophytes (Figure 55-Figure 56).  Such a growth habit can 
help to maintain moisture for longer periods of time. 
 

 
Figure 55.  Mannia triandra with mosses, showing their 

dense growth that can help to retain water.  Photo by Michael 
Lüth, with permission. 

 
Figure 56.  Mannia triandra with closely associated mosses 

and producing young archegoniophores.  Photo by Michael Lüth, 
with permission. 

Reproduction 

Schuster (1992) describes Mannia triandra (Figure 
42-Figure 43) as dioicous.  However, Borovichev and 
Bakalin (2016) describe the androecia and gynoecia (Figure 
57) as physically separated, with the androecia on the main 
thallus and not on the same branch as the female receptacle 
(Borovichev & Bakalin 2016). 
 

 
Figure 57.  Mannia triandra with brown androecia and a 

separate thallus or branch with one young archegoniophore 
(lower left).  Photo by Štĕpán Koval, with permission. 

Hugonnot et al. (2017) found Mannia triandra fertile 
in May (Figure 57-Figure 60) in Saint-Maurin, France.  
Németh and Papp (2011) describe the life cycle of M. 
triandra in Hungary as thalli appearing in spring, 
producing spores in early spring, at which time its "small 
blue-green thalli" typically disappear during the dry season.  
The population size in any given year is very dependent on 
rainfall during its growing season.  Müller et al. (2014) 
similarly found fluctuations in the population size from 
year to year.  In 2008, one population occupied 
approximately 0.25 m².  In 2009, it occupied only 5 dm².  
Then, in 2013, a rock was demolished and its area 
increased to at least 0.5 m².  Similarly, Dürhammer (2017) 
found that the sporangia (Figure 61-Figure 67) numbers 
fluctuate considerably from year to year, perhaps driven by 
fluctuating weather conditions. 
 

 
Figure 58.  Mannia triandra with young archegoniophores 

showing the surrounding dense scales.  Photo by Michael Lüth, 
with permission. 
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Figure 59.  Mannia triandra with emergent 

archegoniophores and dead thalli.  Photo by Štĕpán Koval, with 
permission. 

 
Figure 60.  Mannia triandra young emergent 

archegoniophores and dying thallus.  Photo by Hermann 
Schachner, through Creative Commons. 

 
Figure 61.  Mannia triandra archegoniophores with 

disintegrating thalli.  Photo from Earth.com, with permission. 

 
Figure 62.  Mannia triandra archegoniophores with 

sporangia beginning to push scales surrounding them outward.  
Photo by Hugues Tinguy, with permission. 

 
Figure 63.  Mannia triandra archegoniophores beginning to 

elongate and sporangia beginning to emerge.  Photo by Hugues 
Tinguy, with permission. 

 
Figure 64.  Mannia triandra with young capsules and 

elongated archegoniophores.  Photo by Štĕpán Koval, with 
permission. 
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Figure 65.  Mannia triandra archegoniophores with mature 

capsules.  Photo by Hermann Schachner, through Creative 
Commons. 

 
Figure 66.  Mannia triandra with mature sporangia.  Photo 

by Paul G. Davison, with permission. 

 
Figure 67.  Mannia triandra underside of archegonial head 

showing mature sporangia.  Photo by Paul G. Davison, with 
permission. 

Spores (Figure 68) of Mannia triandra (Figure 42-
Figure 43) are large [(55-)60-70(-75) μm] (Borovichev & 
Bakalin 2016).  This is probably a major factor in its 
distribution.  Since it is an annual species with no special 
asexual reproductive structures, it must rely on its spores, 
but being large, their dispersal is limited (Hugonnot & 
Celle 2012).  As a result, it is not surprising that it is a poor 
competitor (Philippe 2013). 
 
 

 
Figure 68.  Mannia triandra spores and elaters.  Photo by 

Hermann Schachner, through Creative Commons. 

biochemistry 

Mannia triandra (Figure 42-Figure 43) has numerous 
oil cells and has oil bodies that range 10-25 µm in diameter 
(Borovichev & Bakalin 2016).  It nevertheless lacks the 
scent of cedar oil known in Mannia fragrans <http://e-
ecodb.bas.bg/rdb/en/vol1/Mantrian.html>. 

Reboulia hemisphaerica (Figure 69-Figure 76) 

Stephani (1899) recognized Reboulia hemisphaerica 
(Figure 69-Figure 76) as a polymorphic species.  It seems 
to have at least four genetically distinct races (Boisselier-
Dubayle et al. 1998).  Nevertheless, it exhibits less 
polymorphism than that generally attributed to mosses. 

Hicks (1992) reported that three subspecies had been 
described for Reboulia hemisphaerica (Figure 69-Figure 
76), differing in distribution of sex organs. 
 
 

 
Figure 69.  Reboulia hemisphaerica rosettes.  Photo by 

Janice Glime. 
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Figure 70.  Reboulia hemisphaerica in Europe.  Photo by 

Michael Lüth, with permission. 

 

 
Figure 71.  Reboulia hemisphaerica.  Photo by Michael 

Lüth, with permission. 

 

 
Figure 72.  Reboulia hemisphaerica in Europe.  Photo by 

Michael Lüth, with permission. 

 
Figure 73.  Reboulia hemisphaerica.  Photo by Janice 

Glime. 

 

 
Figure 74.  Reboulia hemisphaerica in Europe, with 

archegoniophores.  Photo by Michael Lüth, with permission. 

 

 
Figure 75.  Reboulia hemisphaerica with purple edges.  

Photo by Allen Norcross, with permission. 
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Figure 76.  Reboulia hemisphaerica in North America.  

Photo by Paul G. Davison, with permission. 

 

Distribution 

Reboulia hemisphaerica (Figure 69-Figure 76) is 
cosmopolitan (Piippo et al. 1997; Kürschner 2008) and is 
especially distributed in subtropical and temperate regions 
(Nieuwkoop 1996).  Reboulia hemisphaerica is distributed 
in China, India, Japan, Korea, Nepal, Afghanistan, 
Pakistan, Java, Boning, New Zealand, Australia, Europe, 
Africa, Tahiti, North America, and South America (Singh 
& Singh 2002; Nair & Prajitha 2016). 

Janovicová and Kubinská (2001) considered Reboulia 
hemisphaerica (Figure 69-Figure 76) to be both rare and 
hreatened in the Biele Karpaty Mountains of Slovakia. t

 

Aquatic and Wet Habitats 

Reboulia hemisphaerica (Figure 69-Figure 76) is 
occasionally submerged (Watson 1919) and can occur in 
rivers (Ferreira et al. 2008).  Konstantinova (2011) reported 
it from sandy soil between rocks in a dry stream bed in 
Dagestan, Russia.  In the Uşak province of western Turkey 
it occurs on wet rocks (Gökler 2017).  Hong (1977) found 
it on wet rocks in Montana, USA. 

Reboulia hemisphaerica (Figure 69-Figure 76) occurs 
on the bank of the Banaz stream in the Uşak province of 
western Turkey (Gökler 2017).  In the Izarene Massif of 
Rocco, it occurs on clayey soil on slopes (Figure 77) beside 
flowing water (Laouzazni et al. 2021).  In Cyprus, it occurs 
under shrubs on the bank of a gully and on a steep bank by 
a stream in a deep valley (Blockeel 2003).  Sharp (1939) 
found it on moist banks (Figure 1) in eastern Tennessee, 
USA.  Konstantinova (2011) reported that Reboulia 
hemisphaerica subsp. australis occurs in Dagestan, Russia, 
in the gorge at the source of the Gunibka River on the bank.  
Some of its habitats on rocks and soil banks are shown in 
Figure 77-Figure 82. 

 
Figure 77.  Reboulia hemisphaerica with elongating 

archegoniophores on soil of a steep bank, Europe.  Photo by 
Michael Lüth, with permission. 

 

 
Figure 78.  Reboulia hemisphaerica habitat on rocks.  Photo 

by Michael Lüth, with permission. 

 

 
Figure 79.  Reboulia hemisphaerica on limestone cliff in 

Ohio, USA.  Photo by Robert Klips, with permission. 
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Figure 80.  Reboulia hemisphaerica on vertical face of rock.  

Photo by Michael Lüth, with permission. 

 

 
Figure 81.  Reboulia hemisphaerica habitat on steep soil 

bank with tree roots.  Photo by Michael Lüth, with permission. 

 

 
Figure 82.  Reboulia hemisphaerica habitat on a soil bank.  

Photo by Michael Lüth, with permission. 

Both streams and rivers can have floodplains.  Many 
species have life cycles timed to take advantage of these 
ephemeral habitats.  In the Virginia Piedmont, USA, the 
presence of Reboulia hemisphaerica (Figure 69-Figure 76) 
can indicate such a habitat where most of the species 
appear in late fall after leaf drop, regrowing from spores 
and dying soon after dispersing their spores (Breil 1977).  
These indicator species are sensitive to drying, yet typically 
require high light intensities. 

Reboulia hemisphaerica (Figure 69-Figure 76) seems 
to have a preference for steep slopes (Figure 83-Figure 84).  
In the Netherlands, it is nearly always found on slopes up 
to 90º (Nieuwkoop 1996).  Martin (1943) reported it from a 
cliff face in Ledges State Park, Iowa, USA.  Miller and 
Thomson (1959) reported it from moist sandstone cliffs in 
Indiana, USA. 
 
 

 
Figure 83.  Reboulia hemisphaerica on a vertical face with 

soil over rock.  Photo by Barry Stewart, with permission. 

 

 
Figure 84.  Reboulia hemisphaerica with archegoniophores 

on steep rocky slope.  Photo by Michael Lüth, with permission. 

 
Slopes and cliffs often have water trickling down 

them, or occur in canyons that remain humid.  These 
provide suitable habitat for moisture-loving species of 
liverworts.  In particular, cracks and crevices (Figure 85) 
provide protection and tend to remain moist longer than 
bare rock.  Reboulia hemisphaerica (Figure 69-Figure 76) 
can occur in such locations (Sharp 1939; Crundwell & 
Nyholm 1979; Konstantinova 2011). 
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Figure 85.  Reboulia hemisphaerica on rock ledge.  Photo 

by Michael Lüth, with permission. 

In the Netherlands, Nieuwkoop (1996) found that 
Reboulia hemisphaerica (Figure 69-Figure 76)  preferred a 
loamy substrate (Figure 86), even if growing on a rock.  
These usually were on moist, loamy walls with light shade.  
Like the above members of the family Aytoniaceae, 
Reboulia hemisphaerica takes advantage of the cooler 
temperatures and greater moisture of wind holes (Figure 
22) (Bakalin et al. 2017). 
 
 

 
Figure 86.  Reboulia hemisphaerica on soil.  Photo by 

Štĕpán Koval, with permission. 

Reboulia hemisphaerica (Figure 69-Figure 76)  
exhibits a wide range of moisture tolerance, growing on 
slopes of ditches, on roadside banks, and along roads 
(Brown 1924).  Jerath and Puja (2006) reported it as 
xeromorphic in the Shivalik Ecosystem of Punjab, India, 
but also growing in moist and exposed places.  Nair and 
Prajitha (2016) found it on cut earth in the western Ghats of 
India.  Singh and Singh (2002) found it on rocks in 
partially exposed places in India.   

Province (2011) reported it in particular from basic 
schists and slate on rock outcrops among scrub vegetation 
in South-west Sichuan, China.  Piippo and Koponen (2013) 
similarly found it in both primeval and secondary 
evergreen forests in northwestern Sichuan, China, in both 
open and shaded sites, on humus over rock (Figure 87) or 
stone, on cliffs, clay, and soil (Figure 88). 
 
 

 
Figure 87.  Reboulia hemisphaerica on soil over rock, 

Europe.  Photo by Michael Lüth, with permission. 

 

 
Figure 88.  Reboulia hemisphaerica on soil.  Photo by Jan-

Peter Frahm, with permission. 

Konstantinova et al. (2018) considered Reboulia 
hemisphaerica (Figure 69-Figure 76) to be a calcicole.  It 
occurs in Russia on bare soil on mossy rock outcrops, on 
ledges (Figure 89-Figure 91) and in crevices, and even 
under rocks.  Aleffi et al. (2005) listed it from rocks and 
escarpments in Italy.  It finds similar habitats to be suitable 
in Morocco, including rock ledges with accumulated soil 
and bases of rocks (Ros et al. 2000), but Saadi et al. (2020) 
found it on siliceous soil in Morocco.  Piippo and Tan 
(1992) found it on an abandoned wall in a shaded garden in 
the Philippines. 
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Figure 89.  Reboulia hemisphaerica on rock ledges.  Photo 

by Michael Lüth, with permission. 

 
Figure 90.  Reboulia hemisphaerica with archegoniophores 

on rock ledge.  Photo by Michael Lüth, with permission. 

 

 
Figure 91.  Reboulia hemisphaerica with archegoniophores 

on rock ledge.  Photo by Barry Stewart, with permission. 

In Oklahoma, USA, Reboulia hemisphaerica (Figure 
69-Figure 76) is the most frequent species of liverwort on 
dry rock outcrops (Little 1936) and also occurs on sandy 
soil (Sharp 1930).  In Illinois, USA, it occurs on rocks, 
walls, and soil, including a sandstone wall (Spessard 1972; 
Simon 1977).  Conard (1940) found it to be common on 
dry earth or rocks in Iowa, USA.  At Mountain Lake, 
Virginia, USA, it similarly occurs on calcareous rocks and 
crevices (Sharp 1944). 

In Myvatn, Iceland, Reboulia hemisphaerica (Figure 
69-Figure 76) occurred as a pioneer on Krafla following the 
1984 eruption (pers. obs. 1987).  In just three years, it 
reached large populations (Figure 92-Figure 93). 

 
Figure 92.  Reboulia hemisphaerica in abundance during 

early succession on Krafla, Myvatn, Iceland, 3 years after 1984 
eruption.  Photo by Janice Glime. 

 
Figure 93.  Reboulia hemisphaerica succession on Krafla, 

Myvatn, Iceland, three years after the 1984 eruption.  Photo by 
Janice Glime. 

Physiology 

Reboulia hemisphaerica (Figure 69-Figure 76) 
apparently has a wide moisture tolerance.  Crundwell and 
Nyholm (1979) considered it to be one of the most drought-
tolerant of the Turkish liverworts. 

Reboulia hemisphaerica (Figure 69-Figure 76) 
exhibits growth and branching at moisture levels ranging 
40-90%, with optimum growth at 70-80% (Vishvakarma & 
Kaul 1988a).   

Xiang et al. (2010a) found that water stress affects the 
soluble sugar and proline, but has negligible effect on 
MDA.  Calcium stress has even greater effects on sugar and 
proline.  Low calcium results in a reduction in the 
accumulation of proline and soluble sugar, but as low 
calcium stress worsens their content gradually increases. 

Hoffman and Gates (1970) demonstrated, using 
Reboulia hemisphaerica (Figure 69-Figure 76), that water 
loss proceeds rapidly in moist plants, with very low 
resistance.  But as the water loss decreases, both convection 
and reradiation of energy become more important.  At the 
same time, resistance increases in proportion to water loss.  
Reboulia hemisphaerica transpired for 2 hours under a 
radiation regime of 2.6 to 2.8 cal cm-2 min-1. 

Reboulia hemisphaerica (Figure 69-Figure 76) has a 
mean water conductive rate of ~0.5 mm sˉ1 (McConaha 
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1941).  The areolation of its thallus greatly increases the 
surface through which water can be lost through the 
atmosphere by pores.  A high phlobaphene content on the 
ventral surfaces helps to maintain a capillary film there 
among the tuberculate rhizoids and prevents water loss 
from the upturned thallus margins.  McConaha 
demonstrated that a single water drop at one end of the 
thallus became distributed through the length of the thallus 
by its external capillary system.  This water was 
immediately available to all absorptive surfaces.  This 
external system provides a much more rapid transport than 
any known internal system.  This seems to compensate 
successfully for the increased water loss due to areolation.  
In contrast to the description of McConaha, O'Hanlon 
(1928) describes the species with only a mere suggestion of 
air chambers and no air pores. 

Takio et al. (1990) examined the chlorophyll content 
and photosynthetic rate in Reboulia hemisphaerica (Figure 
69-Figure 76).  They found that it possessed high levels of 
chlorophyll when cultured in light (4-34 µg mg-1 dry 
weight).  These plants likewise had a high photosynthetic 
rate of 10-94 µmol O2 mgˉ1 chlorophyll h-1.  Dark-grown 
cells exhibited these same high levels of chlorophyll and 
photosynthesis, contrasting sharply with the low 
chlorophyll levels in dark-grown Barbula unguiculata 
(Figure 94).   
 
 

 
Figure 94.  Barbula unguiculata.  Photo by Kristian Peters, 

through Creative Commons. 

Rao et al. (1979) reported on the assimilation of 
labelled carbon into amino acids for R. hemisphaerica.  
The CO2 assimilation rate was lower than that of seed 
plants.  The chlorophyll content of these populations (from 
moist locations in the Ooty Hills, India) was low, as was 
the chlorophyll a:b ratio, parameters that are typical of 
shade-loving species.  Rao et al. (1979) reported that the 
Hill reaction rates of R. hemisphaerica was lower than that 
typically reported for seed plants. 

Both dark-grown and light-grown cells of Reboulia 
hemisphaerica (Figure 69-Figure 76) exhibited high 
chlorophyll content (4-34 μg mg−1 dry weight) after one 
year of culture on 2% glucose medium (Takio et al. 1990).  
Photosynthetic activity was likewise high in both (10-84 
µmol O2 mgˉ1 chlorophyll h-1). 

Lei et al. (2010) explored the responses of 
photosystem II in Reboulia hemisphaerica (Figure 69-
Figure 76) to nitrogen deposition.  Increased N 
concentrations (40 and 60 kg h m-2 a-1) caused changes in 
chlorophyll fluorescence and reduced the energy-trapping 
capacity per unit area.  It furthermore changed the redox 
states, destroyed electron flow especially beyond the Q-A, 
disabling that energy absorption and necessitating its 
consumption by fluorescence and heat.  Liu et al. (2009) 
also explored N effects on this species and found both 
photosynthetic rate and starch concentration were lower at 
N concentrations of 20 and 40 kg h-1 m-2 than at the control 
levels or at 60 kg h-1 m-2.  On the other hand, the total N in 
the tissue changed inversely.  Both the inducible and 
constituted nitrate reductase activity were very low in all 
treatments, suggesting that it is unable to use nitrates.  
Potassium ion leakage increased significantly when the N 
addition increased to 60 kg N h-1 m-2, suggesting membrane 
damage. 

Vishvakarma and Kaul (1986) explored the 
temperature tolerance of Reboulia hemisphaerica (Figure 
69-Figure 76).  Morais and Becker (1991) cultured 
Reboulia hemisphaerica and found that it grew best on 
agar with 0.5% sucrose and an 18 h light: 6 h dark regime.  
Callus could be induced by phytohormones (2 mg L-1 a-
naphthylacetic acid  +  1  mg L-1 kinetin) or by 4%  
glucose.  Once cultures differentiated, there was a tenfold 
increase in sesquiterpene production.  No sesquiterpenes 
were produced in dark cultures,  but 5-hydroxy-7,8,4'-
trimethoxyflavone was present.  In light cultures, apigenin 
n-7,4'-dim ethylether was the only flavonoid produced.   

Xiang et al. (2010b) evaluated the effects of heavy 
metals on Riccardia hemisphaerica (Figure 69-Figure 76) 
from cavern rock and soil on walls.  They found that R. 
hemisphaerica actually exhibited depletion levels of Ca in 
the Three Gorges karst region, whereas some mosses 
exhibited either strong or relative enrichment in their 
tissues.  It exhibited no enrichment of Mg, whereas the 
moss Thuidium cymbifolium (Figure 95) did.  Reboulia 
hemisphaerica did, however, show a strong enrichment by 
Zn. 
 
 

 
Figure 95.  Thuidium cymbifolium, a species that can 

experience Mg enrichment.  Photo by Chris Alice Kratzer, 
through Creative Commons. 
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Adaptations 

One aspect that may account for the wide range of 
habitats for Reboulia hemisphaerica (Figure 69-Figure 76) 
is its ability to form pure mats or to grow with other 
bryophytes (Figure 96-Figure 97) (Konstantinova et al. 
2018).  The accompanying bryophytes can act like a 
sponge to retain moisture that could maintain suitable 
conditions for R. hemisphaerica, whereas pure mats can 
completely cover the substrate and reduce 
evapotranspiration. 
 
 

 
Figure 96.  Reboulia hemisphaerica growing over mosses.  

Photo by  Malcolm Storey <www.discoverlife.org>, with online 
permission. 

 

 
Figure 97.  Reboulia hemisphaerica with mosses and 

archegoniophores.  Photo by Michael Lüth, with permission. 

 
Reboulia hemisphaerica (Figure 69-Figure 76) has air 

chambers (Figure 98-Figure 100) that form an extensive 
system of air spaces separated by thin partitions (Dupler 
1921; Haupt 1921a).  These have air pores (Figure 99-
Figure 101) on the upper surface, but no filaments, and thus 
serve primarily for gas exchange.  Dupler (1921) describes 
them as very elongated air chambers that extend lengthwise 
along the midrib region.  They radiate from there toward 
the thallus margins.  They are in a single layer just below 
the surface and presumably facilitate CO2 exchange in 
internal photosynthetic cells. 

 
Figure 98.  Reboulia hemisphaerica section showing air 

chambers.  Photo by Jia-Dong Yang, through Creative Commons. 

 

 
Figure 99.  Reboulia hemisphaerica air chambers and pore.  

Photo by Hugues Tinguy, with permission. 

 

 
Figure 100.  Reboulia hemisphaerica air chambers and 

pores.  From Haupt 1921a. 
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Figure 101.  Reboulia hemisphaerica thallus pore.  Photo 

from Dale A. Zimmerman Herbarium, Western New Mexico 
University, with permission. 

Having pores (Figure 99-Figure 101) presents its own 
set of problems.  They are advantageous for gas exchange, 
but not only do they allow water to leave the thallus, they 
also can allow water to enter.  In species like Reboulia 
hemisphaerica (Figure 69-Figure 76), these pores have 
hydrophobic ledges that not only constrict the size of the 
pore, but that also repel water, preventing water from 
entering the plant during downpours or other water events 
Schönherr & Ziegler (1975).  For water to enter, it must 
have a contact angle of 0º with the ledge.  It would be 
interesting to see the difference in photosynthetic rate if 
these chambers were injected with water to fill the spaces. 

Watson (1919) noted that when Reboulia 
hemisphaerica (Figure 69-Figure 76) grows on wet ground 
it has fewer rhizoids than when it grows in drier situations.  
This suggests that more rhizoids help to facilitate the 
movement and uptake of water, as noted above for other 
members of the family.  Daniels (1998) cites the complex 
morphology along with tuberculate and smooth rhizoids, 
scale leaves (Figure 102), and well defined assimilatory 
and storage zones as xerophytic adaptations in R. 
hemisphaerica.  
 
 

 
Figure 102.  Reboulia hemisphaerica ventral side with 

scales (reddish).  Photo by Blanka Aguero, through Creative 
Commons. 

Reproduction 

Haupt (1921a) described Reboulia hemisphaerica 
(Figure 69-Figure 76) as monoicous (Figure 103-Figure 
107) in Midwestern USA.  It is protandrous (antheridia 
develop before archegonia; Figure 105-Figure 106).  
Generally, 2-3 antheridial groupings develop in succession 
before the archegonia develop.  The antheridia and 
archegonia occur in separate groups on the dorsal thallus 
surface. 
 

 
Figure 103.  Reboulia hemisphaerica male and female 

reproductive structures.  Photo by Bob Klips, with permission. 

 
Figure 104.  Reboulia hemisphaerica with sexual structures.  

Photo by Ed Leathers, with permission. 

 
Figure 105.  Reboulia hemisphaerica with antheridia but no 

visible archegoniophores.  Photo by Michael Lüth, with 
permission. 
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Figure 106.  Reboulia hemisphaerica with male (brown) 

and female (green) sex organs.  Photo by Ed Leathers, with 
permission. 

 
Figure 107.  Reboulia hemisphaerica with young 

archegoniophores and mosses that probably help in moisture 
retention.  Photo by Barry Stewart, with permission. 

Dupler (1922a) considered the male receptacle and 
antheridium to be plastic, including both primitive and 
advanced characteristics.  It is typically dorsal and posterior 
to the female receptacle (Figure 108-Figure 118) that 
terminates the branch.  It is sessile or on a very short stalk, 
a feature that places it close to the archegonial head before 
elongation of the latter on its stalk. 
 

 
Figure 108.  Reboulia hemisphaerica young 

archegoniophores in Europe.  Photo by Michael Lüth, with 
permission. 

 
Figure 109.  Reboulia hemisphaerica young 

archegoniophores in Europe.  Photo by Michael Lüth, with 
permission. 

 

 
Figure 110.  Reboulia hemisphaerica archegoniophores in 

Europe.  Photo by Michael Lüth, with permission. 

 

 
Figure 111.  Reboulia hemisphaerica with young 

archegoniophores.  Photo by Li Zhang, with permission. 



 Chapter 1-19:  Aquatic and Wet Marchantiophyta, Class Marchantiopsida:  Aytoniaceae 1-19-27 

 
Figure 112.  Reboulia hemisphaerica archegonial heads.  

Photo by Heino Lepp, Australian National Botanic Gardens 
<www.anbg.gov.au>, with online permission. 

 
Figure 113.  Reboulia hemisphaerica archegonial heads.  

Photo by Malcolm Storey <www.discoverlife.org>, with online 
permission. 

 
Figure 114.  Reboulia hemisphaerica with emerged 

archegoniophores in Europe.  Photo by Michael Lüth, with 
permission. 

 
Figure 115.  Reboulia hemisphaerica with elongated 

archegoniophores.  Photo by Michael Lüth, with permission. 

 

 
Figure 116.  Reboulia hemisphaerica with emerging 

archegoniophores.  Photo by Štĕpán Koval, with permission. 

 

 
Figure 117.  Reboulia hemisphaerica with emerging 

archegoniophores and still green thalli.  Photo by Malcolm Storey 
<www.discoverlife.org>, with online permission. 
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Figure 118.  Reboulia hemisphaerica with archegoniophores 

and dying thalli.  Photo by Štĕpán Koval, with permission. 

 
Udar and Chandra (1964) reported anomalous female 

receptacles in Reboulia hemisphaerica (Figure 69-Figure 
76).  One aberrant type produced branch stalks of the 
archegoniophores.  A second aberrant type was just the 
opposite, producing no stalks or nearly sessile archegonial 
heads.  Furthermore, Chandra (1963) reported compound 
female receptacles. 

Miduno (1937) described the spermatozoids of 
Reboulia hemisphaerica (Figure 69-Figure 76).  These 
typically had two cilia, although they also found five with 
three cilia.  Other variations in size of the spermatozoid and 
relative length of the cilia were present. 

Among the variations in the life cycle of Reboulia 
hemisphaerica (Figure 69-Figure 76) are differences in 
oicy.  Since Haupt (1921a) published his descriptions of 
Midwestern, USA, populations, differences among 
populations have led to the description of subspecies.  The 
subspecies of R. hemisphaerica differ in the distribution of 
their sexual organs (Hicks 1992).  The typical variety is 
paroicous, whereas the three more recent subspecies are 
dioicous and two autoicous ones with differences in male 
receptacle size.  Konstantinova (2011) reported that 
populations in the eastern Caucasus of Russia were 
autoicous.  However in the entire country of Russia, one 
can find paroicous, autoicous, and dioicous populations 
(Bakalin 2008).  Schuster (1992) considered all these to be 
one species, but Bakalin (2008) considers them to need 
further study.  Itouga et al. (2005) noted that R. 
hemisphaerica had been subdivided into seven subspecies 
based on sexual condition, a strong indicator of genetic 
diversity.  They recognized three subspecies in Japan, 
including the autoicous subsp. orientalis, subsp. acrogyna, 
and a new to Japan paroicous subsp. hemisphaerica.  In 
addition to differences in oicy, spore maturation times 
differed.  In subsp. acrogyna spores matured in summer, 
whereas in subsp. hemisphaerica and subsp. orientalis, 
they matured in spring. 

The emergence of the archegoniophore of Reboulia 
hemisphaerica (Figure 69-Figure 76) does not occur until 
the sporophytes are nearly mature (Haupt 1921a).  
Archegonia appear in autumn and fertilization occurs then.  
The embryo develops immediately, but the sporophyte 

(Figure 119-Figure 123) does not mature until the 
following spring, necessitating survival through the winter. 
 
 

 
Figure 119.  Reboulia hemisphaerica with immature 

capsules.  Photo by Jiří Kameníček (BioLib, Obázek), with 
permission. 

 

 
Figure 120.  Reboulia hemisphaerica with archegoniophores 

and emergng sporangia.  Photo by Jan-Peter Frahm, with 
permission. 

 

 
Figure 121.  Reboulia hemisphaerica with mature black 

sporangia.  Photo by Michael Lüth, with permission. 
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Figure 122.  Reboulia hemisphaerica archegoniophores with 

young capsules and mature capsules.  Photo by Adolf Ceska, with 
permission. 

 
Figure 123.  Reboulia hemisphaerica archegonial head with 

scales and capsules that have shed their spores.  Photo by Dale A. 
Zimmerman Herbarium, Western New Mexico University, with 
permission. 

Allsopp (1964) found that whereas male 
gametangiophores developed on media with 1% glucose, 
female gametangiophores developed on sugar-free media.  
Could these differences in energy needs serve to induce 
their formation at different times? 

Rao and Das (1968) found a sharp rise in the 
respiratory rate and a doubling of the C:N ratio as Reboulia 
hemisphaerica (Figure 69-Figure 76) transformed from the 
vegetative to female reproductive phase.  At that time, the 
plants exhibited enhanced levels of endogenous IAA 
(indole-3-acetic acid), RNA, and protein.  During 
antheridial formation the plants exhibited a reverse trend 
and exhibited no appreciable change in the C:N ratio (see 
also Hartmann & Weber 1990). 

As noted by Haupt (1921a), Reboulia hemisphaerica 
(Figure 69-Figure 76) is fertilized in autumn in southern 
Wisconsin and northern Illinois, USA (O'Hanlon 1928); 
Dupler (1922b) likewise reported fertilization in October.  
In early spring (8 March) the plants are still dormant 
(O'Hanlon 1928).  Woodburn (1919) determined that both 
egg and sperm nuclei are in a resting condition in the early 
stages of fusion.  When transplanted indoors on 29 
October, R. hemisphaerica regenerated new branches but 
failed to exhibit elongation of the archegoniophore 
(O'Hanlon 1928).  The plants exhibited an inverse 
relationship between amount of regeneration and 
development within the receptacle.  Most thalli produce 
fewer than three mature sporophytes per head, but can 
produce up to nine.  

As one might expect, Reboulia hemisphaerica (Figure 
69-Figure 76) has a lower gene flow with increasing 
distance (Nm=-0.0009 x km1.1) (Itouga et al. 2002).  The 
mean value for populations in East Asian populations was 
only 0.609.  Thus, the genetic variation was high, as would 
be predicted for species that reproduce only by spores.  
Slatkin (1985) considers that Nm values <1 usually imply 
that genetic drift has been a major contributor to the 
distribution of genetic variation.  Itouga and coworkers 
found that the break point for Nm values <1 was 125 km.  
Dispersal of spores beyond 100 km was negligible.  Itouga 
and coworkers agree that the degree of genetic 
differentiation within monoicous marchantialean species is 
correlated with dispersal distances of sperm and rates of 
self-fertilization.  Nevertheless, the dioicous Asterella 
wallichiana (Figure 124) and monoicous R. hemisphaerica 
showed similar levels of gene flow in this study. 
 

 
Figure 124.  Asterella wallichiana, a dioicous liverwort with 

gene flow levels similar to those of the monoicous Reboulia 
hemisphaerica.  Photo by Forestowlet, through Creative 
Commons. 
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Woodburn (1919) described the union of egg and 
sperm and the early developmental stages of the ensuing 
sporophyte.  Dupler (1922b) also described the early 
embryogeny of Reboulia hemisphaerica (Figure 69-Figure 
76).  The embryo begins immediate development following 
fertilization.  There is considerable variation in the 
development of the early embryo, with accompanying 
variations in habitat, archegoniophore, and other 
morphological variations.  By winter, the sporogenous 
tissue is becoming differentiated.  However, the sporophyte 
does not mature until the following May or June.  Brown 
found Reboulia hemisphaerica fruiting "profusely" in a 
variety of places in Georgia (in the Caucasus region). 

 Haupt (1921b) found that the archegoniophore begins 
to elongate in early spring (Figure 125), about the last week 
of March, in Indiana, USA.  The sporogenous tissue 
resumes development, but there is no indication at that time 
as to which will become spores and which elaters.  By the 
first part of May, these cells break apart from each other, 
form an abundance of mucilage, and spore mother cells and 
elaters are clearly distinguishable. 
 
 
 

 
Figure 125.  Reboulia hemisphaerica with developing 

archegoniophores and dying older thalli.  Photo by Štĕpán Koval, 
with permission. 

 

Blair (1926) describes meiosis in Reboulia 
hemisphaerica (Figure 69-Figure 76).  She notes only 16 
chromosomes arriving at each pole.  However, several 
authors (Sha et al. 2003; Itouga et al. 2005) have since 
determined the chromosome number for R. hemisphaerica 
to be n=9, a typical number in liverworts. 

Patidar et al. (1987) reported 2410 spores (Figure 126-
Figure 127) per capsule in Reboulia hemisphaerica (Figure 
69-Figure 76).  Schuster (1966) earlier reported 2500 per 
capsule (see also O'Hanlon 1930).  These large (70-80 µm) 
spores germinate in about five days when in suitable 
conditions of fairly good light and plenty of moisture 
(O'Hanlon 1930).  They remain completely viable for at 
least five months. 

 
Figure 126.  Reboulia hemisphaerica spore SEM.  Photo by 

William T. Doyle, with permission. 

 
 

 
Figure 127.  Reboulia hemisphaerica distal spore wall SEM.  

Photo by William T. Doyle, with permission. 

Reboulia hemisphaerica (Figure 69-Figure 76) 
produces a tangle of white, sticky filaments (Figure 128) 
below the capsule (Frank 2015).  These appear to aid in 
spore dispersal in a rather unusual way.  They make a 
bryophyte version of masking tape.  The springtail 
Bourletiella hortensis (Figure 129) peruses the capsule 
area and comes away with bits of the sticky filaments on its 
body.  And to these, spores are attached.  Frank suggests 
that not only do springtails aid dispersal through these 
adhered filaments, but that other animals could easily 
contribute as well. 
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Figure 128.  Reboulia hemisphaerica archegoniophores with 

mature sporangia in Europe.  Note the white filaments hanging 
below the capsules.  Photo by Michael Lüth, with permission. 

 

 
Figure 129.  Bourletiella hortensis, a springtail that 

facilitates spore dispersal in Reboulia hemisphaerica by getting 
sticky filaments with adhering spores stuck to its body.  Photo by 
Andy Murray, through Creative Commons. 

Vishvakarma and Kaul (1987) studied the effects of 
such conditions as duration, quality, and intensity of light 
on spore germination in Reboulia hemisphaerica (Figure 
69-Figure 76).  Inoue (1960) reported that blue and red 
light were the most effective in promoting rhizoid 
development, and far-red and green caused less activity.  
However, germ tube development was just the opposite of 
rhizoid development, being relatively short in blue and red 
light but elongating remarkably in far-red and green.   

Vishvakarma and Kaul (1988b) found that the 
optimum pH for both germination and thallus growth was 
6, but vegetative growth occurred in the range of 3.0-7.0.  
Germination was more restricted at pH 5-7.  Differences 
between germination requirements and growth tolerances 
could explain the absences of species in some areas where 
we expect them. 

O'Hanlon (1930) noted that the first stage in spore 
germination of Reboulia hemisphaerica (Figure 69-Figure 
76) is the emergence of a germ tube and a single rhizoid.  
The author provides details of subsequent cell divisions 

leading up to bud formation.  Rhizoids form on the ventral 
side of the protonema, establishing its dorsiventrality.  Low 
intensity causes the germ tubes to be extremely long or to 
give rise to secondary and even tertiary germ tubes.  
Hartmann and Weber (1990) reviewed the literature on 
control of germination in this and other species of 
liverworts. 

Vishvakarma et al. (1987) showed that percentage 
spore germination of Reboulia hemisphaerica (Figure 69-
Figure 76) was enhanced by the addition of Mg in the 
liquid culture medium. 

Not all bryophytes are known to produce callus tissue.  
Allsopp (1957) reported the first success in obtaining 
unlimited callus-like growth in liverworts, one of which 
was Reboulia hemisphaerica (Figure 69-Figure 76).  This 
technique is often useful for mass producing desired 
chemical from bryophyte tissues. 

Koevenig (1973) investigated reproductive physiology 
of Reboulia hemisphaerica (Figure 69-Figure 76).  
Archegoniophores elongate in late spring in Kansas.  Under 
long days (12 hr light, 12 hr dark, or 16 hr light, 8 hr dark), 
pre-elongation archegoniophores elongated completely 
within two weeks at both 15 and 25ºC.  But in short days (8 
hr light, 16 hr dark) no elongation occurred.  Cold 
temperature (5ºC) slowed elongation.  Adding plant growth 
hormones (IAA, NAA, BA, GA) to heads failed to 
stimulate to normal lengths in short days.  Koevenig 
suggested that perhaps the hormones could facilitate 
elongation but could not initiate it.  (See also Sztein et al. 
1997). 

Brown and Lemmon (1990) elucidated the mitotic 
apparatus of Reboulia hemisphaerica (Figure 69-Figure 
76).  They concluded that the mitotic apparatus in this 
species demonstrates a transition between algae and land 
plants. 

Nehira and Nakagoshi (1987) reported that after 
removal of bryophytes in an urban environment, the same 
community became re-established in 1-2 years.  
Pleurocarpous mosses and thalloid liverworts such as 
Reboulia hemisphaerica (Figure 69-Figure 76) regenerated 
faster than did acrocarpous mosses.  This regrowth 
occurred primarily in spring and autumn, but there was 
little seasonal variation in the amount of available airborne 
diaspores. 

Role 

Bryophytes such as Reboulia hemisphaerica (Figure 
69-Figure 76) often serve as substrates for algae, especially 
diatoms (Ando 1978).  These algae and other micro-
organisms provide food for visiting invertebrates.  But the 
bryophytes themselves can serve as food (Konstantinov et 
al. 2019).  The flea beetle Distigmoptera borealis (Figure 
130) was recently discovered eating R. hemisphaerica.  
Imada and Kato (2016) reported on larvae of the fly 
Litoleptis on bryophytes and described six new species, all 
thallus-miners of liverworts.  Litoleptis kiiensis (Figure 
131), L. niyodoensis, L. himukaensis, and L. izuensis are 
all thallus miners on Reboulia hemisphaerica and only that 
species. 
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Figure 130.  Distigmoptera borealis, a beetle that consumes 

Reboulia hemisphaerica thalli.  Photo from CBG Photography 
Group, Centre for Biodiversity Genomics, through Creative 
Commons. 

 
Figure 131.  Litoleptis kiiensis larva, an inhabitant of 

Reboulia hemisphaerica. Photo courtesy of Yume Imada.  

Biochemistry 

Reboulia hemisphaerica (Figure 69-Figure 76) was an 
early subject of biochemical studies.  Furusawa et al. 
(2006) isolated and described structures of new 
cyclomyltaylane and ent-chamigrane-type sesquiterpenoids 
from Reboulia hemisphaerica subsp. australis.  Morais et 
al. (1988, 1991) described a gymnomitrane-type 
sesquiterpenoid and two derivatives from cultures of this 
species.  Keserű and Nogradi (1995) reported  riccardins.  
Warmers and König (1999, 2000) reported gymnomitrone 
from plants in nature and described its synthesis.  Wei et al. 
(1995) described five new sesquiterpenoids and three new 
marchantin-type compounds and elucidated their structures.  
Sakai et al. (1999) were able to describe the synthesis (+)-
cyclomyltaylan-5α-ol from Reboulia hemisphaerica from 
Taiwan. 

Toyota et al. (1999) found and described the structure 
of four new sesquiterpenes from Reboulia hemisphaerica 
(Figure 69-Figure 76), as well as isolating nine compounds 
that were already known.  Warmers and König (2000) 
identified the biosynthesis of the gymnomitrane-type 
sesquiterpene in this species. 

Reboulia hemisphaerica (Figure 69-Figure 76) has 
chemotypes (Ludwiczuk et al. (2008).  The researchers 
found two "totally different chemical compositions" in two 
different locations in Tokushima, Japan, whereas those 
from the same location had very similar chemical 
composition, indicating genetic isolation of the two 
populations.  They noted that R. hemisphaerica has 
sesquiterpenoids and acetogenins.   

Asakawa and Matsuda (1982) isolated riccardin C 
from Reboulia hemisphaerica (Figure 69-Figure 76) – a 
secondary compound that appears to be widespread among 
thallose liverworts.  Wang et al. (2011a) found four new 
phenolic glycosides in this species in China and described 
their structures as rebousides.  Wang et al. (2011b) 
described the configuration of isoriccardin C and riccardin 
D isolated from this species. 

Kwon et al. (2019) were able to describe the entire 
chloroplast genome of Reboulia hemisphaerica with its 
122,596 base pairs with 87 protein-coding genes, eight 
rRNAs, and 36 tRNAs.  These indicated a close 
relationship to Dumortiera hirsuta (Figure 132). 
 
 

 
Figure 132.  Dumortiera hirsuta, a close relative of 

Reboulia hemisphaerica, based on chlorophyll DNA.  Photo by 
Lin Kyan, with permission. 

There have been at least some traditional medical uses 
of bryophytes (Du 1997).  Sabovljević et al. (2016) noted 
that Riccardia hemisphaerica (Figure 69-Figure 76) is sold 
in Chinese markets.  It has been cited numerous times 
related to potential medicinal uses of its compounds.  
Belcik and Wiegner (1980) reported good antibacterial 
activity in culture, reinforcing the findings of Banerjee and 
Sen (1979), who considered it to be one of the most active 
bryophytes against bacteria.   

Becker (1990) pointed out the need for in vitro plant 
cultures when the desired plant product has a high price or 
conventional production of the plant causes problems.  
Liverwort culture meets the second criterion, but the 
science is new and although many medicinally active 
compounds are known, development of their commercial 
use is negligible.  Kandpal et al. (2016) further noted the 
need for new antibiotic compounds because of the 
increasing evolution of antibiotic-resistant bacterial strains. 

While one extract may inhibit bacteria or have other 
medicinal properties, a different extract solvent of the same 
compound(s) may exhibit no activity (Zehr 1990).  
Although this is a serious consideration in making 
ecological interpretations, it is usually not a serious 
problem for medicinal applications.  Furthermore, 
effectiveness differs among bacteria species.  Zehr showed 
that Bacillus subtilis (Figure 133-Figure 134) and 
Escherichia coli (Figure 135) were the most susceptible 
bacteria tested while Enterococcus faecalis (Figure 136) 
experienced the least inhibition. 
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Figure 133.  Bacillus subtilis, a bacterial species that is 

inhibited by extracts of Reboulia hemisphaerica.  Photo by Josef 
Reischig, through Creative Commons. 

 

 
Figure 134.  Bacillus subtilis, a bacterial species that is 

inhibited by extracts of Reboulia hemisphaerica.  Photo by 
Allonweiner, through public domain. 

 

 
Figure 135.  Escherichia coli, a bacterial species that is 

inhibited by extracts of Reboulia hemisphaerica.  Photo from 
Rocky Mountain Laboratories, through public domain. 

 
Figure 136.  Enterococcus faecalis SEM, a species of 

bacteria that is more resistant than others in study to extracts of 
Reboulia hemisphaerica.  Photo from CDC, through public 
domain. 

Following these early studies, a number of additional 
studies confirmed antibacterial and medicinal activity in 
Reboulia hemisphaerica (Figure 69-Figure 76) (Joshi 
1995; Ko et al. 1995; Du 1997). 

Ko et al. (1995) isolated marchantinquinone, from 
Reboulia hemisphaerica (Figure 69-Figure 76), a 
compound known to inhibit lipid peroxidation and to serve 
as a free radical scavenger.  Liao et al. (2000) reported that 
marchantinquinone from R. hemisphaerica inhibited 
platelet aggregation and ATP release stimulated by 
thrombin.  Harrowven et al. (2005) found that Riccardin C, 
manufactured by Reboulia hemisphaerica exhibited 
cytotoxicity against nasal epidermoid carcinoma cells in 
culture as well as inhibiting HIV-1 reverse transcriptase. 

Asakawa (1998; 2007) cited a number of potential 
medical uses for Reboulia hemisphaerica (Figure 69-
Figure 76), including treatment of blotches, external 
wounds, and bruises, and hemostasis.  Tosun et al. (2016) 
and Chandra et al. (2017) expanded on this list, including 
uses to cure cuts, burns, wounds, bacteriosis, pulmonary 
tuberculosis, neurasthenia, fractures, convulsions, scalds, 
uropathy, inflammation, fever, and pneumonia.  Tosun et 
al. (2016) further elaborated on the specific means of 
wound healing.  Önder and Özenoğlu (2019) found that 
extracts of R. hemisphaerica were effective against three 
different cancer cell lines. 

A variety of potential uses emerged in laboratory 
cultures of Reboulia hemisphaerica (Figure 69-Figure 76) 
(Gao et al. 2009; Asakawa 2013; Tosun et al. 2013).  
Harada et al. (2013) reported its potential for the treatment 
of cardio-vascular diseases, including arteriosclerosis.  
Even pet treatments are possible, with R. hemisphaerica 
inhibiting carrageenan-induced paw edema (Tosun et al. 
2013). 

Kandpal et al. (2016) found the extract of R. 
hemisphaerica (Figure 69-Figure 76) to be the most 
effective bryophyte species tested against Escherichia coli 
(Figure 135), Bacillus cereus (Figure 137), and 
Pseudomonas aeruginosa (Figure 138).  The researchers 
found a correlation between total phenol and flavonoid 
contents and the antioxidant activity. 
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Figure 137.  Bacillus cereus SEM, a bacterial species that is 

inhibited by extracts of Reboulia hemisphaerica.  Photo by 
Mogana Das Murtey and Patchamuthu Ramasamy, through 
Creative Commons. 

 
Figure 138.  Pseudomonas aeruginosa, a bacterial species 

that is inhibited by extracts of Reboulia hemisphaerica.  Photo 
from CDC, through public domain. 

 
 

 
Summary 

The Aytoniaceae does not have members that are 
typically submersed, but several species are at least 
tolerant of being constantly wet from water spray or 
other source of water.  Their habitats include waterfall 
spray, streamside, dripping cliffs and ledges, wet soil 
and wind holes, but also various substrata in mesic 
forests.  The latter habitat provides cool, moist air that 
permits Arctic species to survive in temperate regions.   
On the other hand, many of these species occur in the 
mountains, especially in Macaronesia. 

The members of Aytoniaceae included here tend to 
endure a wide range of habitats, including a wide range 
of moisture conditions.  They have air spaces that 
permit CO2 exchange and rhizoids and scales that 
facilitate water uptake.  Sexual condition varies, even 
within a species, but no gemmae or other specialized 
asexual reproductive structures are present.  Most of the 
species die from the posterior end after fertilization, but 
grow from the apex. 
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