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The liverwort Trichocolea tomentella is known from 65 localities in southern Norway. Almost half of these are in
Hordaland county in Western Norway. 7. tomentella has been observed at many localities (42%) in the last decade.
On the other hand it has not been observed at 23% of the previously known localities after 1950, although a com-
plete re-survey has not been performed. The species seems to be thriving in its main distribution centre in Western
Norway, but in southeastern Norway urbanisation and modern forestry are major threats. In this part of Norway
the species has probably gone extinct or is on its way to extinction at several of the localities. To preserve the species
logging and draining close to springs, streams and gullies should be ceased. This will also preserve habitats that are

species rich, in particular in bryophytes.

The growing interest in conservation biology has also
resulted in increasing concern for smaller organisms like
bryophytes (Séderstrom et al. 1992, Nilsson and Ericson
1997). Nevertheless, for a long time there was much less
focus on bryophytes than on vascular plants, and less
recognition of the need for active conservation measures
for bryophytes (Hallingbick 1995, Séderstrém 2006,
Hylander and Jonsson 2007). Bryophyte conservation
has now developed much further, and bryophytes have
been successfully included in the IUCN system (Vander-
porten and Hallingbick 2008). However, sound man-
agement of threatened species requires adequate knowl-
edge of their environmental requirements, population
dynamics, reproduction, dispersal ability and genetic
structure (Pharo and Zartman 2007, Jongejans et al.
2008, Frankham 2010). Such knowledge is rarely avail-
able for bryophytes (Séderstrém et al. 1992). In most
cases, we also lack detailed information on their actual
distribution (Cleavitt 2005) and how it has changed
during time. Such information is also needed to achieve
sound conservation and management of bryophyte spe-
cies (Hallingbick 2007).

In some European countries, for example the UK
and Ireland, the distribution of bryophytes is rather well
known, both for the whole country (Hill et al. 1991) and
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on a regional scale (Bates 1995). In contrast, in Norway,
little up-to-date, detailed information is available on the
distribution of bryophytes, with notable exceptions for a
few species (Rasok et al. 2005, Jordal and Hassel 2010).
Information is scarce partly because collected data are
not readily accessible (although Artsobservasjoner <www.
artobservasjoner.no/>, and Artsdatabanken <www.artsda-
tabanken.no/>, will gradually change this), partly because
of a lack of investigations and partly because little has
been published based on collections in herbaria. This is
an obstacle to the management of bryophytes, making it
difficult to know which precautions to take and where.
Bryophyte species may as a result be lost, locally or region-
ally, through habitat change or destruction.

Trichocolea tomentella is a liverwort that was classified
as ‘requiring consideration’ in the first red list of bryo-
phytes in Norway (Frisvoll and Blom 1992), but was not
included in subsequent red lists (Kélds et al. 2006, 2010).
Trichocolea tomentella is a large dioecious liverwort. It is
conspicuous, with a characteristic greenish-white colour,
highly dissected leaves and abundant paraphyllia (Dam-
sholt 2009), and should be easily distinguished from other
bryophytes even by the inexperienced bryologists.

Our aims are to detail the present distribution of 7. ro-
mentella in Norway, give a summary of its ecology, present



threats to the species, and make recommendations for its
management.

Nomenclature follows Artsdatabanken <www.arstdata-
banken.no>

Ecology

Trichocolea tomentella usually grows in moist, well-shaded
places, particularly in deciduous forest (Fig. 3), often near
springs, streams or gullies. This has been observed both
in Norway and Sweden (Jorgensen 1934, Hallingbick
1991, Frisvoll and Blom 1992, Aronsson et al. 1995) and
in other countries (Schuster 1953). In western Norway, 7.
tomentella grows in two quite different habitats: in Ahus
glutinosa forests dominated by Carex remota (Blom 1982,
Fremstad and Elven 1987), and on poorer mineral soils in
narrow river gorges either dominated by Betula pubescens
or almost treeless, fern dominated sites. In addition it has
been found in one grassland locality. In southeastern Nor-
way, typical localities are Picea abies swamp forests. The
critical factors that limit its distribution on a local scale
appear to be a constant water supply and moderately dif-
fuse light (Schuster 1953).

Trichocolea tomentella may grow in almost pure patches
both in Norway (unpubl.) and in other countries, some-
times covering an area of as much as 75 m? (e.g. Gotland
in Sweden, Hogstrom 1996). It has a high capacity for
clonal reproduction by branching, enabling it to form
dense patches (Pohjamo et al. 2008). However, these
are often mixed with other species. The bryophytes that
most frequently grow together with 77 romentella (based
on the Norwegian herbarium material, Blom 1982 and
our own observations from three localities in southeast-
ern Norway) are Brachythecium rivulare, Thuidium tama-
riscinum and Loeskobryum brevirostre (W Norway only).
Other taxa often associated with 7. tomentella in Norway
are Calliergonella cuspidata, Chiloscyphus pallescens, Kind-
bergia praelonga, Pellia epiphylla, Plagiomnium undulatum,
Rhizomnium punctatum, Rhytidiadelphus loreus, R. subpin-
natum, R. triquetrus and Sphagnum squarrosum. In river
gorges, Ctenidium molluscum, Hylocomiastrum umbratum
and Riccardia chamaedryfolia are characteristic companion
species.

Trichocolea tomentella rarely produces sporophytes:
instead, it reproduces predominantly asexually by clonal
regeneration (Pohjamo et al 2008). Fertile specimens of
1. tomentella have never been observed in Norway and
only once in Sweden (Damsholt 2009). In other parts of
its distribution range, e.g. in eastern North America, 7
tomentella produces sporophytes more regularly (Schuster
1966, Zehr 1979). A recent study of 18 7. romentella pop-
ulations from four countries (Finland, Lithuania, the UK
and Canada) showed that populations that reproduced
predominantly asexually, and thus had restricted gene
flow, nevertheless exhibited relatively high genetic diver-

sity (Pohjamo et al. 2008). The authors explained this pat-
tern by long-term accumulation of genotypes and somatic
mutations, and the ability of the population to persist for
a long period of time by asexual reproduction. Low levels
of genetic similarity among individuals were observed be-
tween nearby populations (1 km) along the same tributary
stream, suggesting dispersal limitations even on this scale
(Pohjamo et al. 2008). The lack of sexual reproduction
and of specialized asexual diaspores may mean that the
dispersal ability of 7" romentella is currently restricted in
the Nordic countries, but that random colonization of de-
tached shoot fragments by water, mammals or birds may
occur (Pohjamo et al. 2008). How effective such forms of
dispersal are in 7 tomentella remains to be examined, but
generally asexual reproduction by gametophyte fragmen-
tation is much rarer in hepatics than in mosses, and such
fragments are seldom likely to be effective except at very
short distances (Longton and Schuster 1983).

Distribution

Trichocolea tomentella (Fig. 1) is widely distributed in
temperate climates in the northern hemisphere, particu-
larly in oceanic and suboceanic regions (Schuster 1966).
Its distribution range in Europe stretches from northern
Portugal and Spain northwards to southern Norway,
Sweden and Finland, and from Ireland and the UK to
western Russia (Damsholt 2009). It also occurs in Asia,
North Africa and eastern North America (Schuster 1966,
Damsholt 2009).

In Sweden, 7. tomentella is known from about 700
localities, and it has been found in many new localities
since 1970 (Ingelog et al. 1987, Aronsen et al. 1995,
Hogstrom 1996, Girdenfors 2010). It has therefore been
placed in the least concern (LC) category (Girdenfors
2010). In Norway, we know of 65 localities. These are all
in the southern part of the country, where 7. romentella
occurs in a belt along the coast, reaching its northern
distribution limit in Sogn og Fjordane county (Fig. 2).
The main distribution centre is in Hordaland county,
western Norway, with almost half of the known localities
and a relatively large number of new records since 2000
(Fig. 2). The previous distribution lacuna in southwest-
ern Norway (Rogaland and Vest-Agder counties) is now
partly filled because of several new discoveries in the last
10-15 years (Fig. 2). However, we do not expect this
region to be a major distribution area for 7. tomentella,
because large parts of it are dominated by poor soils or
intensively cultivated farmland, and thus lack suitable
habitats.

There are recent records (2000 and later) of 7. to-
mentella from a relatively high proportion (42%) of the
localities. On the other hand, it has not been observed
(according to our material) at 23% of the localities after
1950 (Fig. 2). Trichocolea tomentella seems to be thriving



Figure 1. Close-up of Trichocolea tomentella at one of the localities in Hordaland (Bergen). Photo: Einar Heegaard.

in its main distribution centre in Norway (Hordaland),
but the situation is disquieting in southeastern Norway,
in particular in the Oslofjord area where urbanisation and
modern forestry are major threats to the species.

During the 1990s, we searched for 7 tomentella in the
Oslofjord area, both at localities where there were previ-
ous records and at new ones. At two old localities we were
unable to relocate it (Svenskedalen, Nittedal municipality
and Jeloya, Moss municipality), but at both known lo-
calities in As municipality we were successful. In addition

we found it at a new locality in Skedsmo municipality
(Lukedammen), but here the nearby forest had recently
been clear-cut. At Asmyra in As municipality, where 77
tomentella was found in 1943 (Stermer 1947), it grows
close to a spring in the transition between a mire and a
forest with a tree layer of Picea abies, Alnus glutinosa and
Betula spp. Earlier 7. tomentella covered a large area but
nowadays only around 0.55 m This change is likely due
to habitat alteration by logging, combined with ditching
of the mire.
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Figure 2. The distribution of Trichocolea tomentella in Norway. Squares — latest observation after 1999, circles — latest observations

between 1950-1999; triangles — latest observation before 1950.

Threats, status and management
recommendations

Trichocolea tomentella seems to be thriving in Hordaland,
its distribution centre in Norway, but population trends
in southeastern Norway, in particular in the Oslofjord re-
gion, appear to be much more negative. In this region, 7
tomentella usually grows in lowland Picea abies swamp for-
ests. Such forests have been regularly logged and drained
to such an extent that made it difficult to find intact sites
for inclusion in the national protection plan for coniferous
forest (H. Korsmo, pers. comm.). Logging and draining
create a much more exposed and drier habitat, and these
conditions do not favour the persistence of 7. tomentella.
At several of the relatively few known localities in this area,

T tomentella has probably gone extinct or is on its way to
extinction.

In order to stop the destruction of known and suitable
habitats for 7" tomentella, swamp forests should not be
logged, and drainage in a belt along river systems, includ-
ing the moister parts of the habitats (e.g. swamp forests),
should be avoided. This would also be of benefit in pro-
tecting habitats with high species richness (Ohlson et al.
1997, Hérnberg et al. 1998, @Qkland et al. 2001, 2003).
We know that the dispersal ability of both 7. tomentella
(Pohjamo et al. 2008) and other swamp forest species
(Dkland et al. 2003) is low. Such habitats should therefore
be safeguarded together with sufficient buffer areas (Hy-
lander et al. 2002, Fenton and Frego 2005, Dynesius and
Hylander 2007, Perhans et al. 2009, Roberge et al. 2011)



Figure 3. Helledalen, Fusa, Hordaland county, one of the localities with the most viable population of Trichocolea tomentella in Nor-
way. Photo Per G. Thlen.

to maintain the microclimate and moisture conditions of
the whole habitat. The scientific community should give
more priority to communicating knowledge about threat-
ened species to other groups, particularly those who are
responsible for land management, in order to raise aware-
ness of problems such as those described here (Séderstrém
et al. 1992, Higvar 1994). Too often, valuable habitats
are destroyed simply because of a lack of communication
or negative attitudes to conservation (cf. Korsmo 1991,
Hégvar 1994). The forestry sector needs knowledge of
threatened species in order to develop more sustainable
operating routines that can meet the requirements of an
environmentally concerned society.

Acknowledgements — We are grateful to Eli Fremstad, Kare A. Lye
and Anders Often for information on some of the localities. We
would also like to thank the curators of Bg, TrH and O for loan
of herbarial material and the Norwegian Biodiversity Informa-
tion Centre for access to their data on species distribution. We
thank Alison Coulthard for revising the English text, Inger Au-
estad for help with producing the distribution map, and Wenche
Hafsahl Johansen for literature help.

References

Aronsen, M., Hallingbick, T. and Mattsson, J.-E. (eds) 1995.
Rédlistade vixter i Sverige 1995. — Artdatabanken, Uppsala.

Bates, J. W. 1995. A bryophyte flora of Berkshire. — J. Bryol.
18: 503-620.

Blom, H. H. 1982. Edellauvskogssamfunn i Bergensregionen,
Vest-Norge. — Cand. real. thesis, Univ. of Bergen, Norway.

Cleavitt, N.L. 2005. Patterns, hypotheses and processes in the
biology of rare bryophytes. — Bryologist 108: 554-566.

Damsholt, K. 2009. Ilustrated flora of Nordic liverworts and
hornworts, 2nd edn. — Nordic Bryological Society, Lund.

Dynesius, M. and Hylander, K. 2007. Resilience of bryophyte
communities to clear-cutting of boreal stream-side forests. —
Biol. Conserv. 135: 423-434.

Fenton, N. J. and Frego, K. A. 2005. Bryophyte (moss and liv-
erwort) conservation under remnant canopy in managed
forests. — Biol. Conserv. 122: 417-430.

Frankham, R. 2010. Challenges and opportunities of genetic ap-
proaches to biological conservation. — Biol. Conserv. 143:
1919-1927.

Fremstad, E. and Elven, R. 1987. Enheter for vegetasjonskartleg-
ging i Norge. — Okoforsk Utred. 1987:1.



Frisvoll, A. A. and Blom, H. H. 1992. Trua moser i Norge med
Svalbard; raud liste. — NINA Utred. 42: 1-55.

Girdenfors, U. (ed.) 2010. Radlistade arter i Sverige 2010 (The
2010 Red list of Swedish species). — ArtDatabanken, SLU,
Uppsala.

Hégvar, S. 1994. Preserving the natural heritage: the process of
developing attitudes. — Ambio 23: 515-518.

Hallingbick, T. 1991. Mossor som indikerar skyddsvird skog. —
Svensk Bot. Tidskr. 85: 321-332.

Hallingbick, T. 1995. The practice of bryophyte conservation. —
Cryptog. Helv. 18: 119-130.

Hallingbick, T. 2007. Working with Swedish cryptogam conser-
vation. — Biol. Conserv. 135: 334-340.

Hill, M. O., Preston, C. D. and Smith, A. J. E. (eds) 1991. Atlas
of the bryophytes of Britain and Ireland. Vol. 1. Liverworts.
— Harley Books, Colchester.

Hogstrom, S. 1996. Dunmossa p& Gotland. — Myrnia 6: 46—
50.

Hérnberg, G., Zackrisson, O., Segerstrdm, U., Svensson, B. W,
Ohlson, M., Bradshaw, R. H. W. 1998. Boreal swamp for-
estsbiodiversity “hotspots” in an impoversihed forest land-
scape. — Bioscience 48: 795-802.

Hylander, K. and Jonsson, B. G. 2007. The conservation ecol-
ogy of cryptogams. — Biol. Conserv. 135: 311-314.

Hylander, K., Jonsson, B. G. and Nilsson, C. 2002. Evaluating
buffer strips along boreal streams using bryophytes as indica-
tors. — Ecol. Appl. 12: 797-806.

Ingelsg, T, Thor, G. and Gustafsson, L. 1987. Floravérd i skog-
bruket, Del 2 — Artdel. — Skogsstyrelsen, Jénképing.

Jongejans, E., Skarpaas, O. and Shea, K. 2008. Dispersal, de-
mography and spatal population models for conservation
and control management. — Persp. Plant Ecol. Evol. Syst.
9: 153-170.

Kils, J. A., Viken, A and Bakken, T. (eds) 2006. Norsk redliste
2006 (The 2006 Norwegian red list). — Artsdatabanken,
Norge, Trondheim.

Kilds, J. A., Viken, A., Henriksen, S. and Skjelseth, S. (eds)
2010. Norsk redliste for arter 2010 (The 2010 Norwe-
gian red list for species). — Artsdatabanken, Norge, Trond-
heim.

Korsmo, H. 1991. Problems related to conservation of conifer-
ous forest in Norway. — Environ. Conserv.18: 255-259.
Jordal, J. B. and Hassel, K. 2010. The rare liverwort Scapania
nimbosa — new knowledge about distribution and ecology

in Norway. — Lindbergia 33: 81-91.

Jorgensen, E. 1934. Norges levermoser. — Bergens Mus. Skr. 16:
1-343.

Longton, R. E. and Schuster, R. M. 1983. Reproductive biology.
— In: Schuster, R. M. (ed.), New manual of bryology. Hat-
tori Botanical Laboratory, Nichinan, pp. 386-462.

Nilsson, S. G. and Ericson, L. 1997. Conservation of plant and
animal populations in theory and practice. — Ecol. Bull. 46:
117-139.

Ohlson, M., Séderstrém, L., Hérnberg, G., Zackrisson, O. and
Hermannson, J. 1997. Habitat qualities versus long-term
continuity as determinants of biodiversity in boreal old-
grown swamp forest. — Biol. Conserv. 81: 221-231.

Okland, R. H., @kland, T. and Rydgren, K. 2001. Vegetation—
environment relationships of boreal spruce swamp forests
in Ostmarka Nature Reserve, SE Norway. — Sommerfeltia
29: 1-190.

Okland, R. H., Rydgren, K. and @kland, T. 2003. Plant species
composition of boreal spruce swamp forests: closed doors
and windows of opportunity. — Ecology 84: 1909-1919.

Perhans, K., Appelgren, L., Jonsson, E, Nordin, U., Séderstrém,
B. and Gustafsson, L. 2009. Retention patches as potential
refugia for bryophytes and lichens in managed forest land-
scapes. — Biol. Conserv. 142: 1125-1133.

Pharo, E. J. and Zartman, C. E. 2007. Bryophytes in a changing
landscape: the hierarchical effects of habitat fragmentation
on ecological and evolutionary processes. — Biol. Conserv.
135: 315-325.

Pohjamo, M., Korpelainen, H. and Kalinauskaite, N. 2008.
Restricted gene flow in the clonal hepatic Trichocolea to-
mentella in fragmented landscapes. — Biol. Conserv. 141:
1204-1217.

Roberge, ].-M., Bengtsson, S. B. K., Wulff, S. and Snall, T. 2011.
Edge creation and tree dieback influence the patch-tracking
metapopulation dynamics of a red-listed epiphytic bryo-
phyte. —J. appl. Ecol. 48:650-658.

Resok, @., Gaarder, G., Heggland, A. and Hofton, T. H. 2005.
Ny kunnskap om grennsko Buxbaumia viridis gjennom
storskalaregistreringer. — Blyttia 63: 38—46.

Schuster, R. M. 1953. Boreal Hepaticae, a manual of the liver-
worts of Minnesota and adjacent regions. — Am. Midl. Nat.
49: 257-684.

Schuster, R. M. 1966. The Hepaticae and Anthocerotae of
North America, Vol. 1. — Columbia Univ. Press.

Soderstrom, L. 2006. Conservation biology of bryophytes. —
Lindbergia 31: 24-32.

Soderstrém, L., Hallingbick, T., Gustafsson, L., Cronberg, N.
and Hedenis, L. 1992. Bryophyte conservation for the fu-
ture. — Biol. Conserv. 59: 265-270.

Stormer, P 1947. New records of Norwegian bryophytes. — Blyt-
tia, 5: 119-131.

Vanderporten, A. and Hallingbick, T. 2008. Conservation biol-
ogy of bryophytes. — In: Goffinet, B. and Shaw, A. J. (eds),
Bryophyte biology. Cambridge Univ Press, pp. 487-533.

Zehr, D. R. 1979. Phenology of selected bryophytes in southern
Ilinois. — Bryologist 82: 29-36.



