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Bryophytes microniches inhabited by microfungi

Mikronisze zasiedlane przez briofilne grzyby mikroskopijne

SUMMARY

Traditionally treated bryophytes with 24,000 species noted in the world and among them 956
Polish species remain a largely unstudied reservoir of undescribed fungi species. About 400 obligate
bryophilous fungi (mainly ascomycetes) have been described till now. The number is still very low,
considering the fact that every year about 1,500 new fungi species are discovered. Therefore bryo-
phytes deserve to arouse mycologists interest as a potentially rich source (reservoir) of undescribed
species. In the manuscript we present a brief review of the current knowledge of bryophilous micro-
fungi as well as a prospect for research conducted on these species, especially the endophytic ones.

STRESZCZENIE

Do tradycyjnie ujmowanych mszakow zaliczamy okoto 24 000 gatunkéw notowanych z ca-
fego $wiata, z czego 956 wystgpuje w Polsce. Do tej pory opisano jedynie okoto 400 gatunkéw
grzyboéw (gltéwnie workowcoéw) zwiazanych obligatoryjnie z mszakami. Liczba zanotowanych
taksonow grzybow briofilnych jest niewielka, zwtaszcza jesli wezmiemy pod uwage fakt, ze co
roku opisywanych jest okoto 1500 gatunkéw grzyboéw nowych dla nauki. Z tego powodu mszaki
zashuguja na szczeg6lne zainteresowanie mykologow jako potencjalne bogate zrodto (rezerwuar)
nieodkrytych jeszcze gatunkow. Niniejszy artykut prezentuje obecny stan wiedzy dotyczacy mikro-
skopijnych grzybow biofilnych oraz perspektywy badan nad tymi organizmami, zwlaszcza gatun-
kami endofitycznymi.
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INTRODUCTION

A majority of fungi (about 90%) are organisms connected with plants or detected on products
made from plant materials, therefore almost all mycological research has been conducted on vascular
plants, especially the domesticated ones (important from the economic point of view). Wild plants
and among them spore plants have not been under consideration of very intensive investigations.
Among lower plants, bryophytes are worthy of special attention. They consist of three divisions: the
Anthocerotophyta (hornworts), Marchantiophyta (liverworts), and Bryophyta (mosses). The three
groups were previously joined together as three classes of the division Bryophyta (Rajan 2000),
but after detailed investigations which proved that the three units form a paraphyletic group, they
are now placed in three separate divisions (Qiu et al. 2006, Troitsky et al. 2007). In the sense of
evolution, Bryophyta are very old organisms which evolved independently from other plants. They
are dispersed worldwide and play an important role in the environment, especially the long living
structures (turfs, mats, cushions etc.) which they form.

Traditionally treated bryophytes consist of nearly 960 genera and 24,000 species (Rajan 2000);
Polish taxa are represented by 91 families, 209 genera and 956 species (Klama 2003, 2006, Ochyra
etal. 2003, Zarnowiec 2003). The gametophyte is a predominant plant body in the life cycle of Bry-
ophyta. The sporophyte is a temporary generation dependent on the gametophyte. The gametophyte
can be divided into two main categories: the thalloid and leafy (foliose) forms (Rajan 2000).

Likewise on other plants, fungi have been detected on bryophytes as their pathogens, parasites,
saprobes, endophytes and commensals (Davey 2006). Fungi can infect special body structures such
as the protonema, thallus, rhizoids, leaves, cells, organelles or special body fragments, for exam-
ple upper, intermediate or lower parts of the turfs. All the above-mentioned structures form niches
(microniches), which are limited to a small place but they offer fungi all elements indispensable
for living (Ddbbeler 2002). Almost 400 species of bryophilous fungi have been described by now,
but the number is low if we consider that there probably exist 1.5 million fungi species and each
year about 1,500 new taxa are added by scientists. In some cases the fungus/plant ratio may exceed
5:1 (Hawksworth 1997, 2001); therefore, Bryophyta, plants that receive insufficient attention from
mycologists, must be rich in the undescribed fungi species (Felix 1988, Davey & Currah 2006).
One study revealed that 62 of 123 fungi detected on mosses were new and even a single moss genus
Dawsonia yielded 21 Ascomycota new to science (Hawksworth 1997). Débbeler found that up to
40 ascomycetes can be detected on particular moss genera and he estimated the number of obligate
fungi on bryophytes as 2,000 species (Dobbeler 1997).

How unexploited this mycological research area is can be proved by the fact that by the year
2000 only four bryophilous ascomycetes had been known from the whole Africa (Hawksworth
2001). Generally, tropical forests are assumed to be richer in biodiversity than other geographical
regions or habitats. Consequently, hornworts, liverworts and mosses which occur there must be rich
in fungi.

But we should also remember that bryophytes are dispersed worldwide and can even inhabit
polar regions. Such extremely diverse range of habitats and hence hosts for bryophilous fungi indi-
cate that we can predict many new species to be found. But more emphasis should be put on the fact
that divergent habitats require different techniques of fungi detections. Although some microfungi
can be detected by a light microscope after e.g. staining with lactophenol cotton-blue, others must
be cultured on special media as e.g.: PDA (potato dextrose agar), MEA (Malt Extract Agar Oxoid)
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or Sabouraud Dextrose Agar with the streptomycin and penicillin antibiotics. Moreover, the cultures
should be kept at vast ranges of temperatures (from 2 to 45°C) to detect psychrophilic and thermo-
philic fungi as well. Especially endophytes, in many cases, can not be detected only by the use of
the light microscope and must be cultured after thin cut sections. To avoid the culture contamination
by the species found in air, dust and dirt, the thalloid, leaf or shoot surface sterilization must be very
strict. To confirm that the isolated fungus is an endophyte, the studied structures of sterile tissues
should be examined by scanning electron microscopy (Maheshwari 2006).

FUNGI DETECTED ON THALLOID BROPHYTES

Thalloid forms do not have organized leaves, roots, and stems as do the
vascular plants. Their plant body (thallus) grows directly on the substratum and
is anchored to the soil by rhizoids. On the dorsal thallus surface we can find
various species of bryophilous ascomycetes genera such as Bryoscyphus on
Conocephalum, Marchantia or Reboulia (Spooner 1984, Verkley et al. 1997) and
Lamprospora aneurae on Aneura pingius (Benkert 1990). On the ventral side of
the thallus, the following fungi can be observed: Pseudonectria metzgeriae on
Metzgeria furcata (Dobbeler 1978) and Didymella hepaticarum immersed within
the thallus on Riccia spp. (Dobbeler 1978) or Didymosphaeria marchantiae
[according to Aptroot (1995) it is a synonyme of Phaeodothis winteri (Niessl)
Aptroot] on Marchantia polymorpha, the latter was also observed on male and
female receptacles (Racovitza 1959, Dobbeler 1978, Aptroot 1995).

FUNGI DETECTED ON LEAFY BRYOPHYTES

Leafy (foliose) forms have a central axis on which leaves can grow. The le-
aves (phyllids) are usually arranged in rows of two or three around the shoot and
are generally one cell thick without the vascular tissue.

On the dorsal leaf surface of foliose hepatics we can observe e.g. various
species of Epibryon on Jungermanniales (Racovitza 1959, Dobbeler 1978, 1985)
or Nectria egens on Leptolejeunea vitrea (Corner 1935). On the ventral side, Bry-
orella marginis on Bazzania spiralis (Dobbeler 1982), Epibryon deceptor on Ra-
dula flaccida (Dobbeler 1998) can be found. Such fungi as Epibryon intercellu-
lare on Bazzania trilobata and Epibryon marsupidii on Marsupidium surculosum
are immersed in the leaves (Ddbbeler 1979). Fungi (fungal stromata) can be also
immersed in the stem of the leafy hepatics, e.g. Bryorella semi-immersa on Lo-
phoziaceae (Dobbeler 1978).

On the mosses we can detect fungi in various microniches, e.g. on the stem
of Hypnum sp. we can observe Bryosphaeria quinqueseptata (Dobbeler 1978),
between the paraphylia of Thuidium spp. — Epibryon diaphanum, which is also
observed on Hylocomium (Do6bbeler 1979, 1985), the hyaline hair points of the



38 ANETA PTASZYNSKA, WIESLAW MULENKO, JAN ZARNOWIEC

Grimmiaceae leaves are infected by Bryochiton monascus (Dobbeler 1978), Hy-
pobryon heterotropum perforates the leaves of Leucodon sciuroides (Ddbbeler
1983), and Epibryon leucobryi is immersed within the leaves of Leucobryum
(Dobbeler 1978). Very interesting microniches are formed by the leaves of Poly-
trichales, which are typically 6 to 8 mm long and have lamellae that increase the
productivity of photosynthesis. Between the lamellae, there are perfect conditions
related to humidity, temperature and nutrient accessibility for fungi to leave, the-
refore we can observe a lot of fungi species there. Between the end-cells of the
lamellae, there is immersed Dawsophila polycarpa (Débbeler 1999, 2001), and
between the leaf lamellae: Bryorella compressa, B. pogonati-urnigeri, B. crypto-
carpa, Dawsicola neglecta, Epibryon interlamellare, Gloeopeziza interlamellaris
and Potriphila navicularis (Racovitza 1959, Dobbeler 1978, 1981, 1985, 1986,
1987, 1996, 2001); on the abaxial leaf nerves there are Potriphila neurogena and
Rogellia nectrioidea (Dobbeler 2001, 2002).

FUNGI CONNECTED WITH RHIZOIDS

Fungi can be found on rhizoids as well as on other parts of bryophyte body
fragments. Also fungi that form mycorrhizal associations with vascular plants
have been found to form similar cellular structures with bryophytes, but still,
there is no experimental evidence for their physiological function. Therefore some
scientists claim to term it mycorrhizal-like associations (Kottke & Nebel 2005)
form by endophytic fungi. In 1985 Pocock & Duckett identified three different
types of such mycorrhizal-like associations. In the first type, basidiomycete
fungus creates associations with Aneuraceae and Jungermanniaceae that are
similar to the orchid-type of mycorrhiza. In the second type, species that have
swollen rhizoids from such families as: Calypogeiaceae, Cephaloziaceae and
Lepidoziaceae are infected by endophytic fungi. The third one consists of species
belonging to Anthoceros, Marchantia, Fossombronia, Pellia, Pallavicina, which
are inhabited by endophytes that produce vesicles and arbuscules and are similar
to the VA Mycorrhizal fungi (Pocock & Duckett 1985b, During & Tooren 1990).
Also apothecia of Lamprospora, Neottiella, Octospora and apressoria of Glomus
form associations with mosses’ rhizoids (Benkert 1987, 1993, 1995, Warner 1984,
Igbal & Bareen 1990). Despite the fact that bryophytes are colonized by fungi that
create mycorrhizal associations with higher plants, there is still no experimental
evidence for the transfer of photoassimilates from plants to the fungus or nitrogen
and phosphorus in the opposite direction (During & Tooren 1990). This is the
reason why some scientists claim that interactions between bryophytes and
mycorrhizal fungi are mainly saprobic or even mildly parasitic (Dowding 1959,
Went & Stark 1968). But it should be emphasized that some research indicates
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this relationships stimulate plant growth and fungi spore productions (Fonseca &
Berbara 2008). Moreover, bryophytes, in the absence of higher plant roots, also
retain the infective ability of mycorrhizal fungi. Dead and senescent bryophyte
body fragments can act as a fungal inoculum reservoir that is helpful in the process
of mycorrhizal colonization of new roots in the spring (Rabatin 1980, Warner
1984, Igbal & Bareen 1990). From the historical point of view, this is the pattern
of mycorrhizal fungi and bryophytes co-evolution, because ‘the symbiotic fungal
associations of liverworts are the possible ancestor of mycorrhizae” (Nebel et al.
2004).

MICRONICHES INHABITED BY FUNGAL SAPROBES,
PARASITES AND PATHOGENS

The relationships between fungi and bryophytes are difficult to categorize.
Endophytes, which produce the intercellular mycelium and do not cause damage in
host cells, can easily transform into parasites or saprobes when the environmental
(microenvironmental) conditions change. According to Thormann et al. (2001)
typical saprobes are among Zygomycota: Mortierella alpina, M. elongata,
M. horticola, Mucor hiemalis, Ascomycota: Sporormiella intermedia, Kernia
retardata, Sordaria fimicola, Basidiomycota: Bjerkandera adusta and anamorphic
fungi: Cladosporium herbarum, Aspergillus niger, Trichoderma aureoviride, and
Botrytis cinerea. A majority of saprobic fungi are cosmopolitan, but some of them
may be host-specific and develop unique methods of degradation, like such fungi
as Oidiodendron maius, O. periconioides and Pochonia bulbillosa, which have
a distinct technique of degrading Sphagnum fuscum (Tsuneda et al. 2001, Rice
et al. 2006). The overall decomposition of bryophyte cell walls is a very slow
and difficult process because they contain substances (e.g. polyphenolic-rich
compounds) that are toxic to most microorganisms (Asakawa 1990, Verhoeven &
Liefveld 1997). Therefore, during the first stages of decomposition ascomycetes
may dominate, but later they give way to basidiomycetes, which are able to
synthesize enzymes decomposing complex carbohydrates (Deacon 1984). The
succession of fungi can also be observed across a vertical section of turfs, mats
and cushions. Bryophytes, unlike higher plants, wither from the bottom to the
top, with apical fragments remaining alive and growing whilst the lower ones
are decomposing. Therefore, in the upper parts of turfs, mats and cushions
endophytes and pathogens dominate; in the intermediate layer we can observe the
mix of endophytes, pathogens, parasites and saprobes and in the lower, where the
processes of decomposition are the strongest, saprobes dominate.

Bryophyte pathogens can be detected by the black, brown or yellow
necrotic and chlorotic spots that they cause. Such fungi as: Bryoscyphus dicrani
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(Henderson 1972) or Lizonia baldinii (Dobbeler 2003) form small, necrotic spots
on gametophyte. Others, such as: Thyronectria hyperantarctica and Pythium
ultimum var. ultimum are the reason for the whole gametophyte death, which can
be seen in the Arctic as huge ‘fairy rings’ (several meters in diameter) of dead
mosses (Wilson 1951, Longton 1973, Fenton 1983).

CONCLUSIONS

Bryophytes create varieties of microniches that can be inhabited by fungi. In
the life cycle of these plants gametophytes dominate. The sporophyte is a short
living generation dependent on the haploid generation. Fungi are detected on all
the structures or even on particular body fragments such as dorsal or ventral leaf
surfaces, leaf axils, single leaf cells, stems, dorsal or ventral thallose surfaces,
receptacles etc. Also upper, intermediate or lower parts of the turfs, mats and
cushions have different fungi associations. Definitely bryophytes and fungi
evolve together and develop unique adaptations. Sometimes the categorization of
relationship types among fungi and bryophytes is difficult and it is not obvious if
the particular fungus is an endophyte or parasite, because it changes in time. The
interactions between bryophytes and fungi still remain poorly studied. Only few
aspects were studied more carefully: the decomposition of bryophytes (focused
on one genus: Sphagnum), for its importance in nutrient cycling in ecosystems
and the biodiversity of bryophilous ascomycetes and basidiomycetes, which were
investigated by Dobbeler (1997) and Kost (1988), respectively. Although the
interactions between bryophytes and fungi are widespread in nature, they remain
largely unstudied.
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