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FIGURE 19.  Neckera species were used as early as the Stone Age.  a.  Piece of ancient pottery with impression of
Neckera crispa that has been used as a mordant.  Photo courtesy of Heinjo During of Universiteit Utrecht and
Wim Kuijper of Leiden University.  b.  Neckera pennata, showing the undulations represented in the pottery.
Photo by Janice Glime.

weight bryophytes could be easily blown off before using
the grain.

In some western U.S. states, Antitrichia californica,
Dendroalsia abietina, and Neckera menziesii were used
to pack vegetables, serving to retain moisture as well
(A. J. Grout 1902; T. C. Frye 1920), and even today
Antitrichia curtipendula, Isothecium, and Metaneckera
are used to pack mushrooms in the Pacific Northwest
(C. W. Smith, pers. comm.).  In India Sphagnum is
frequently used for packing apples, and in the Himalayas,
apples and plums are still wrapped in Brachythecium
salebrosum, Cryptoleptodon flexuosus, Hypnum
cupressiforme, Macrothamnium submacrocarpum,
Neckera crenulata, Trachypodopsis crispatula, and
Thuidium tamariscellum (G. B. Pant and S. D. Tewari
1989).  In the tropics, leafy liverworts are used because
of their abundance (J. H. Bland 1971).  Biological supply
houses use mosses for packing live plants and animals,
taking advantage of their retention of moisture and
antibiotic properties.  In Great Britain, mosses were used
as temporary stuffing for mammalian skins at the British
Museum (A. J. Harrington 1985). Throughout history,
bryophytes have been used to protect fragile articles.
During World War II, the Defense Department used
Sphagnum to pack bomb sights (K. Parejko, pers. comm.).
In Japan, Aerobryopsis subdivergens, Barbella determisii,
Meteorium helmintocladulum, and Neckera calcicola
have been found in boxes holding ancient silk clothes
(A. Noguchi 1952); these pendant mosses have the
advantage of having no soil attached.  Rhytidiadelphus
triquetrus has been used to protect fragile articles such
as China (J. H. Dickson 1973).  Vikings used mosses to
pack soft leather slippers.  Elsewhere in Europe, Hypnum,
Plagiomnium undulatum, and Sphagnum were used to
protect the blades of daggers and scrapers (Dickson
1967).

Pseudoscleropodium purum (J. H. Dickson 1967),
Hylocomium splendens, and Rhytidiadelphus squarrosus
have been dispersed around the world because of their
widespread use in packing (M. R. D. Seaward and
D. Williams (1976).  B. H. Allen and M. R. Crosby (1987)
referred to the worldwide travel and establishment of
Pseudoscleropodium purum as legendary, and its use as
packing material in boxes of young trees currently being
shipped to Tristan da Cuñha seems destined to introduce
it there as well.

Graves

The preservation in bogs of men with their associated
hats and hanging ropes is well known (T. J. Painter 1991).
The action of peaty waters in tanning hides preserved
these bodies for centuries.  Both Alaskans and Japanese
have been known to use a bed of moss for burial of the
dead (J. H. Bland 1971; H. Ando and A. Matsuo 1984),
and a wooden coffin about 1300 years old was found to
contain Aerobryopsis subdivergens and other mosses at
Ohira-cho, Tochigi-ken, Japan (Z. Iwatsuki and H. Inoue
1971).  Siberians used mosses, including Pleurozium
schreberi, Ptilium crista-castrensis, and Rhytidium
rugosum, to help fit together sheets of bark in lining the
roofs of tombs, now 2,500 years old (S. I. Rudenko 1970).

The Guanche mummy, from the Canary Islands, had
Neckera intermedia (an epiphyte) in the abdominal cavity
for mummification; the body was carbon dated to 1380
± 80 years BP (P. Horne and R. R. Ireland 1991).
Previously there was a report of a frozen Eskimo woman
with moss in her lungs, but this has been considered to
be accidental, with the moss inhaled when the woman
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FIGURE 20.  Meteoriaceae form large, pendant
growths on trees in Japan and many tropical areas,
providing clean packing material.  Photo by Janice
Glime.

FIGURE 21.  Pseudoscleropodium purum, used for
packing, has consequently been introduced into
ecosystems throughout the world.  Photo by Janice
Glime.

was accidentally buried alive (M. R. Zimmerman and
G. S. Smith 1975; Horne and Ireland).

Medical Uses

Surgical

Early in the twentieth century, several authors published
accounts of the use of Sphagnum as a surgical dressing
(J. B. Porter 1917; J. W. Hotson 1918, 1919, 1921;
G. E. Nichols 1918, 1918b, 1918c, 1918d, 1920), saving
precious cotton for use in gunpowder during World War
I.  According to Nichols (1918c, 1920), Sphagnum
dressings were used extensively by the British Army,
reaching ca. one million pounds of dressings per month,
saving about US $200,000 (J. H. Bland 1971), by the
Canadian Red Cross of ca. 200,000 pounds per month,
and by the United States of ca. 500,000 pounds, during
the last six months of that war (Bland).  Although the
use of Sphagnum as a dressing all but ceased after World
War I, the Chinese have continued to use it for this
purpose (Ting H. S. 1982).

Sphagnum is superior to cotton dressings in a number
of ways (J. B. Porter 1917).  It absorbs three to four times
as much liquid at a rate about three times as fast,
necessitating less frequent change.  It is also cooler, softer,
less irritating, retards bacterial growth (R. D. Banerjee
1974), and is economical.  Recently, S. J. Varley and S. E.
Barnett (1987) cited evidence from controlled testing that
indicated that the amount of wound area covered by new

epidermis doubled with use of Sphagnum dressing
compared to none.

Any contact of Sphagnum with the human body
requires being alert to the presence of fungi among these
plants.  Fungal-caused sporotrichosis is a hazard to
nursery workers and harvesters of Sphagnum (D. J.
D’Alessio et al. 1965; S. E. Tamblyn 1981), and in one
case a horticultural worker contracted sporotrichosis of
the abdomen (E. H. Frankel and D. F. Frankel 1982).
The American Orchid Society warns its members of this
occupational hazard (A. A. Padhye and L. Ajello 1990).
Perhaps more dangerous is pulmonary sporotrichosis, an
infection of the lung resulting from breathing the
causative fungi (W. H. McCain and W. F. Buell 1968).
Even forestry workers can contract the disease when
working in peatlands (K. E. Powell et al. 1978), and
sporotrichosis reached sufficient proportions in 1988 for
the Milwaukee Journal to report Sphagnum as the culprit
(N. Rosenberg 1988).  The Macauley Institute in
Aberdeen, England, is investigating the use of
hydroponics to produce Sphagnum free of micro-
organisms and other contaminants.

Medicines

The Doctrine of Signatures (where medicinal employment
of plants is suggested by their shape) has played a major
role in the use of bryophytes, especially liverworts, in
herbal medicine.  For example, because Polytrichum
commune has long hairs on its calyptra, covering the
capsule, the ladies in the time of Dillenius used an oil
extract from the calyptra to strengthen and beautify their
hair (J. J. Dillenius 1741; J. H. Bland 1971; H. A. Crum
1973).
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The use of bryophytes in herbal medicines has been
common in China, India, and among Native Americans
since ancient times.  Numerous compounds, including
oligosaccharides, polysaccharides, sugar alcohols, amino
acids, fatty acids, aliphatic compounds, prenylquinones,
and aromatic and phenolic compounds occur in
bryophytes, but few links have been made between any
medical effects and specific bryophyte species or
compounds (G. B. Pant and S. D. Tewari 1990).

Perhaps the most widely known example of the
Doctrine of Signatures is the use of Marchantia
polymorpha to treat liver ailments; the surface suggests
a cross section of liver (H. Miller and N. G. Miller 1979);

it reputedly will cool and cleanse the liver, remove yellow
jaundice, and remove inflammation (J. H. Bland 1971).
In China, it is still used to treat the jaundice of hepatitis
and as an external salve to reduce inflammation
(Hu R. L. 1987).  Himalayan Indians use Marchantia
polymorpha or M. palmata to treat boils and abscesses
because the young archegoniophore resembles a boil as
it emerges from the thallus (G. B. Pant and S. D. Tewari
1989).  Its similarity to the texture of lung tissue caused
Europeans to use M. polymorpha to treat pulmonary
tuberculosis (Bland).  Riccia species were used in the
Himalayas to treat ringworm because of the resemblance
of that liverwort to the rings made by this fungal infection.

FIGURE 22.  Many bryophytes have been used for medical purposes, mostly based on appearance according to
the Doctrine of Signatures.  a.  The hairy calyptra of Polytrichum was used to strengthen and beautify hair.
b.  Marchantia polymorpha, shaped like a liver and identifiable by its gemmae cups, has been used to treat liver
ailments, pulmonary ailments, and boils.  As a source of Marchantin A, it may have true medicinal properties
against the KB cells involved in leukemia.  c.  The snakelike appearance of Conocephalum conicum, a common
liverwort used medicinally along with Marchantia polymorpha and vegetable oils as a salve for burns, boils,
bites, cuts, eczema, and wounds, is known to inhibit micro-organisms.  Photos by Janice Glime.
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Recent tests on Riccia fluitans from Florida indicated no
ability to inhibit growth of bacteria (Pseudomonas
aeruginosa, Staphylococcus aureus) or yeast (Candida
albicans) (A. L. Pates and G. C. Madsen 1955), and it is
unlikely that this liverwort does any better with
ringworm.

In China, 30–40 species of bryophytes have been
considered to be medicinally effective (Ting H. S. 1982).
Dried Sphagnum is sold to treat hemorrhages (J. H. Bland
1971), and S. teres is used to treat eye diseases (Ting),
but J. C. Mitchell and A. Rook (1979) cautioned against
the possible allergenic effects of Sphagnum, probably
because it may harbor the fungus causing sporotrichosis
(J. E. Adams et al. 1982).  Rhodobryum giganteum and
R. roseum are used to treat cardiovascular diseases and
nervous prostration, Polytrichum commune to reduce
inflammation and fever, as a detergent diuretic, laxative,
and hemostatic agent (Hu R. L. 1987), and Haplocladium
microphyllum to treat cystitis, bronchitis, tonsillitis, and
tympanitis.  A mixture of Conocephalum conicum and
Marchantia polymorpha with vegetable oils is used on
bites, boils, burns, cuts, eczema, and wounds (Wu P. C.
1977; Ting; H. Ando 1983).  Fissidens is used as an
antibacterial agent for swollen throats and other
symptoms of bacterial infection.  Presumably on the same
rationale, Polytrichum commune is boiled to make a tea
for treating the common cold.  This species also reputedly
helps dissolve stones of kidney and gall bladder
(A. Gulabani 1974).  Surprisingly, some ancient
treatments in China now have clinical support (Ting).
In 1976 the staff of the Laboratory of the Fourth Medical
School in China went to eastern Sezchuan, where they
studied mosses used by peasants (Wu 1982).  Clinical
research showed that an ether extract of Rhodobryum
giganteum, used by peasants to cure angina, contains
volatile oils, lactones, and amino acids.  When given to
white mice, the extract actually reduced oxygen resistance
by increasing the rate of flow in the aorta by over 30%.

In Montana, the Cheyenne use Polytrichum
juniperinum in medicines (J. A. Hart 1981).  In Utah, the
Gasuite Indians used Bryum, Mnium, Philonotis, and
various matted hypnaceous forms, crushing them into a
paste and applying the poultice to reduce the pain of
burns (S. Flowers 1957).  They used similar poultices for
bruises and wounds or as padding under splints to set
broken bones.

In the Himalayas, Indians use a mixture of moss ashes
with fat and honey as a soothing and healing ointment
for cuts, burns, and wounds (G. B. Pant et al. 1986).
They claim it has a soothing effect and heals wounds
more quickly (Pant and S. D. Tewari 1989).  The
antibiotic properties of Sphagnum have been discovered
throughout the Northern Hemisphere.  In Alaska, the
Indians mix it with fat to make a salve (W. B. Schofield
1969; H. Miller and N. G. Miller 1979); in Britain it was
used to treat boils (J. H. Bland 1971); the derivative

FIGURE 23.  Rhodobryum ontariense is a member of
a genus used to treat cancer in China.  Photo by Janice
Glime.

sphagnol relieves the itch of a mosquito bite (H. A. Crum
1988); and it has been used for medicinal baths (Crum
1973; K. Weber and G. Ploetner 1976), but the small
amounts of active substances put into an average bath
are not likely to have any effect.

Antibiotics and Other Biologically Active
Substances

In addition to the many medicinal uses by ancient
cultures, one of the factors that has led to pharmaceutical
investigation of bryophytes is the presence in many taxa,
particularly in liverworts, of unique odors.  For example,
Conocephalum conicum smells like mushrooms and
species of Leptolejeunea and Moerckia are distinctly
aromatic (R. M. Schuster 1966–1992, vol. 1).  Lophozia
bicrenata has a pleasant fragrance, species of Solenostoma
smell like carrots, and Geocalyx graveolens has a
turpentine-like odor.

Isotachis japonica has at least three aromatic esters:
benzyl benzoate, benzyl cinnamate, and ß-phenylethyl
cinnamate (A. Matsuo et al. 1971).  S. Hayashi et al.
(1977) have found monoterpene hydrocarbons such as
a-pinene, ß-pinene, camphene, sabinene, myrcene,
a-terpinene, limonene, fatty acids, and methyl esters of
low molecular weight and contend that unique odors are
the result of a mixture of many compounds.

Since mosses and liverworts seldom show signs of
infection in nature, it is not surprising that G. C. Madsen
and A. L. Pates (1952) found inhibition of micro-
organisms in products of bryophytes, including
Sphagnum portoricense, S. strictum, Conocephalum
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conicum, and Dumortiera hirsuta.  J. A. McCleary et al.
(1960) suggested mosses as a source for antibiotics.  Later,
F. P. Belcik and N. Wiegner (1980) found antimicrobial
activity in extracts of the liverworts Pallavicinia and
Reboulia, and S. Isoe (1983) reported this from Porella.
McCleary and D. L. Walkington (1966) suggested that
non-ionized organic acids and polyphenolic compounds
might contribute to the antibiotic properties of
bryophytes; they found eighteen mosses, the most active
being Atrichum, Dicranum, Mnium, Polytrichum, and
Sphagnum, that strongly inhibited either or both gram-
positive and gram-negative bacteria.  Atrichum
undulatum effectively inhibited growth of all bacteria
tested except Aerobacter aerogenes and Escherichia coli.
Z. Pavletic and B. Stilinovic (1963) found that Dicranum
scoparium strongly inhibited all bacteria they tested but
(gram-negative) Escherichia coli.  K. G. Gupta and
B. Singh (1971) found high occurrence of antibacterial
activity in the extract of Barbula species, reaching as high
as 36.2%, whereas in Timmiella species it was only
18.8%.

Even virus and fungal diseases may some day be cured
by extracts of mosses.  Although L. van Hoof et al. (1981)
found no effect of 20 species of moss extracts on the
herpes virus, R. Klöcking et al. (1976) found that at least
some peat humic acids possess antiviral activity against
herpes simplex virus types 1 and 2, with the most sensitive
phase being during the adsorption of viruses to the host
cells.  J. Witthauer et al. (1976) characterized several
antivirally active humic acids in Sphagnum, and
Camptothecium extracts that can inhibit growth of polio
virus.  Some fungi are inhibited by some bryophytes.  We
know of important antifungal activities of many moss

FIGURE 24.  Atrichum species, in addition to having
antibacterial properties, are commonly used in moss
gardening because of their ease of propagation by
fragments.  Photo by Janice Glime.

extracts against tested dermatophytes (van Hoof et al.).
Hypnum cupressiforme has marked antibacterial and
antifungal effects.

Out of more than 80 species of mosses tested,
T. Ichikawa (1982) and Ichikawa et al. (1983) found
antimicrobial activity in nearly all of them.  Acyclic
acetylenic fatty acid and cyclophentenonyl fatty acid
extracts from the mosses completely inhibited the growth
of the rice blast fungus Pyricularia oryzae.

R. D. Banerjee and S. P. Sen (1979) found that degree
of antibiotic activity in a given species may depend on
age of the gametophyte, and A. Matsuo et al. (1982,
1982b, 1983) demonstrated that antifungal activity of
the liverwort Herbertus aduncaus was age-dependent.
In their study, its extracts inhibited the fungi Botrytis
cinerea, Pythium debaryanum, and Rhizoctonia solani.
They subsequently isolated three aging substances:
(-)-a-herbertenol; (-)-ß-herbertenol, and (-)-a-
formylherbertenol from it.  The absence of fungal diseases
in liverworts led R. J. Pryce (1972) to suggest that
lunularic acid, an aging hormone found in liverworts but
not in mosses, might be responsible for liverwort
antifungal activity.  However, aging substances are not
the only antimicrobial agents in liverworts; Y. Asakawa
et al. (1982) isolated three prenyl bibenzyls from Radula
spp. and demonstrated that they could inhibit growth of
Staphylococcus aureus at concentrations of 20.3 µg ml-1.

Use of bryophytic extracts is not yet a fact.  The
possibilities of using bryophytes in control of disease and
malfunction are exciting, but exploratory work has just
begun.  Twenty-five years ago, virtually nothing was
known of bryophyte biochemistry, but now it is sure that
the variety of chemicals produced by these
morphologically simple organisms is phenomenal.
Unfortunately, biologically active substances so far
obtained from bryophytes have not proved economical
in practice.  While their pharmaceutical worth seems
promising, we lack any understanding of potential
harmful side effects.

Anti-tumor Properties

M. Belkin et al. (1952) found that extracts of Polytrichum
juniperinum had anticancer activity against Sarcoma 37
in mice.  Y. Ohta et al. (1977) isolated ent-eudesmanolide,
diplophylline, from Diplophyllum albicans and
D. taxifolium.  Diplophyllin showed significant activity
(ED50 4–16 µg/ml) against human epidermoid carcinoma
(KB cell culture).  Y. Asakawa (1981, 1982b) isolated
the sesquiterpenoids costunolide and tulipinolide, tumor
growth-inhibiting substances also known from higher
plants, from Conocephalum supradecompositum,
Frullania monocera, F. tamarisci, Marchantia
polymorpha, Porella japonica, and Wiesnerella denudata,
to which A. Matsuo et al. (1980, 1981, 1981b,




