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Annotation

The thesis is focused on the endangered wetland moss Hamatocaulis vernicosus. The studies
included vegetation and chemical characteristics of the species’ habitats and long-term
reaction to management and other environmental factors, comparison of ecological
requirements of H. vernicosus and two related species, differences of habitat preferences
among some European regions (Bohemian Massif, Western Carpathians, Southern Europe)
and among parts of the Czech Republic. Recent and historical distribution of the species was
compared, including the quantification of all recent populations.
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Introduction

Bryophytes are important components of mire ecosystems. With often a high coverage, the
bryophyte layer accounts for a large part of the biomass, not only in bogs dominated by
Sphagnum spp., but also in rich fens (Sjors 1950, Clymo 1983, Kooijman 1992, Hajkova &
Hajek 2003, Hajkova & Hajek 2004, Vitt & Wieder 2008). Bryophytes lack the root system
and in nearly all mire species there is hardly any internal transport system. Mineral nutrients
are taken up directly through the leaves, which are one cell layer thin and usually lack a
protecting cuticle (Proctor 1982). The direct contact with the surrounding water, in the
absence of roots and rhizomes exploring the soil compartment more substantially, may result
in higher sensitivity to changes in the environment compared to vascular plants (Bates &
Farmer 1992, Bergamini et al. 2009). Bryophytes play an indicator role of the present state of
the habitat, as demonstrated for the rich fens by Juutinen (2011). After a change of
environmental conditions, loss of rich fen bryophytes is more rapid than that of the
phanerogams (Mélson et al. 2008), hence the changes in bryophyte layer may precede overall
changes in the phanerogam vegetation (Bates & Farmer 1992).

Rich fen bryophytes were therefore subject to many studies in last years. In most cases,
the studies employed the fen bryophytes as a whole. This can be illustrated in several papers
dealing with the species composition of bryophytes in various vegetation types and
contrasting site conditions (van Baaren et al. 1987, Hajkova & Héajek 2004, Hajkova et al.
2004, Hajek et al. 2006). Other studies describe in detail the reaction of bryophytes to various
site conditions in terms of chemical composition (Aerts et al. 2001, Bergamini & Peintinger
2002, Bragazza et al. 2003, 2004, Drexler et al. 2003, Paulissen et al. 2005, Kooijman &
Paulissen 2006). Attention was paid to the loss of peatland bryophytes’ diversity on human-
affected sites (Bergamini et al. 2001, Bergamini et al. 2009), and to the possibilities of their
protection and restoration of an appropriate management (Barry et al. 2008, Hajkova et al.
2009). Nevertheless, the results of the studies dealing with a proper treatment for a particular
species are not always applicable to all target species at the locality, as the reaction to
management may differ e.g. in case of hummock and pool-inhabiting species in a bog (Moen
etal. 2001).

There have been only few studies investigating the ecological requirements of
individual bryophyte species — and not only rich fen species. Habitat requirements and
competition abilities were studied in the threatened species Scorpidium scorpioides
(Kooijman 1992, 1993, Kooijman et al. 1994, Kooijman & Bakker 1994, 1995, Kooijman &
Westhoff 1995). Another study dealt with the rare peat moss Sphagnum molle (Hekilla &
Lindholm 1998). Other studies dealing with the rare peatland species rather have a regional
character, describing the situation at individual sites.

This thesis attempts at elucidating the problems of retreat and protection of the most
sensitive peatland bryophytes on the model species Hamatocaulis vernicosus, which typically
represents rare and threatened fen species. It is a widely distributed but rarely common



Holarctic bryophyte, occurring most frequently in the boreal zone (Hedenés 1989). It belongs
to a group of taxa restricted to formerly glaciated and periglacial areas (Janssens 1983), being
thus e.g. in Scandinavia locally relatively abundant (Hedends 1993, Soderstrom 1996),
however even there the number of localities decreases (Juutinen 2011). In other parts of the
Europe, it is a rarer species, classified in most countries as threatened to some extent (e.g.
Sérgio et al. 1994, Ludwig et al. 1996; Erzberger & Papp 2004, Kucera & Vana, 2005). It has
been recommended to a special attention within the whole European Union, attaining even the
official listing in the Bern Convention (Council Directive 92/43/EEC 1992). The rarity of H.
vernicosus is probably based on the reported specific habitat requirements (Hedends 1999).
According to Hedends and Hugonnot (Hedends 1989, Hedends 2003, Hugonnot 2003), H.
vernicosus occurs at continually wet fens and spring sites, often at peaty lake shores in
northern and Western Europe. It prefers mineral-rich sites; pH at the localities in northern
Europe ranges between 5.7 — 7.8 and between 5.4 — 7.3 in the Alps (Hedenis et al. 2003),
North American sites have been reported to span pH values between 5 — 8 (Janssens 1983).
Conductivity at the Swedish localities was reported between 16 and 396 uS/cm (Hedenés
2003). Basic chemical characteristics at the sites of occurrence in Central Europe are
summarized in Paper L, III and IV, those from southern Europe were published in Paper III.
Everywhere, the species avoids localities with high calcium content (Hedenéds 1989, Hedenés
& Kooijman 1996, Hedends et al. 2003), while it prefers higher concentration of iron ions
(Hedenids & Kooijman 1996), which was confirmed at the Central European localities (Paper
I0).

The most common accompanying species of H. vernicosus are the mosses
Calliergonella cuspidata, Campylium stellatum, Calliergon giganteum, Sphagnum teres, and
S. contortum, and the vascular plants Carex nigra, C. diandra, C. rostrata, Menyanthes
trifoliata a Potentilla palustris (Paper I and III). The frequency of accompanying species can
slightly vary in individual regions, similarly to the chemical characteristics of the sites (Paper
IIT and IV).

The study of ecological requirements of H. vernicosus may be obscured by the fact that
the morphologically defined species has been shown to be represented by two genetically
different lineages, which might be regarded as cryptic species (Hedends & Eldenids 2007).
One of the lineages is widespread in Europe, and was also sampled from several localities in
Minnesota (United States). The other lineage occurs only south of the boreal zone in Europe,
and was in addition sampled from single localities in Peru and northernmost Asiatic Russian
Federation. According to the authors of the study, both cryptic species do not differ in their
ecological requirements. This finding was however tested only with respect to the preference
for basic chemical composition of water (pH and conductivity), and needs to be studied in
more detail.

During the last decades, many fen moss species lost their natural habitat and have
become rare (Kooijman 1992, Giisewell et al. 1998, Vasander et al. 2003). The area of
unimpaired fens decreased markedly and habitats suitable for surviving of H. vernicosus and
other sensitive mosses is often only refuge of fen surrounding agriculture land, ruderal



vegetation or shrubland communities. These small refuges are predominantly in the
immediate vicinity of springs or wet depressions, often artificially dug trenches or pools
(Stechova & Stech 2009, Paper V). Therefore, H. vernicosus populations underwent a
substantial reduction. Of the nearly 150 historically known localities in the Czech Republic,
the species nowadays survived at only one-third (Paper V). In the changed conditions, only a
subtle fraction of the original population often survives. The reasons for the decrease of
populations are various. Many localities have been completely destroyed and converted to
agricultural or forest production land (Ruzicka 1987, 1989). Other localities have not been
totally destroyed but the site conditions were changed in the way that the species could not
survive anymore. A common cause of adverse alteration of site conditions has been the
sinking of underground water level. Drainage of the fens may alter the peat chemistry, such as
the decrease of pH and leakage of cations (Naucke et al. 1993). Biological attributes change
and the dominant species expand (Graf et al. 2010). These processes can be enhanced by
cessation of the management (mowing and grazing), resulting in nutrient content increase and
promoting secondary succession towards tall forb and shrubland communities (van Belle et al.
2006). In such disturbed habitats, competitive rates between vascular plants and bryophytes
and between bryophytes mutually are changed considerably. In habitats with lower pH,
calcifuge Sphagnum species expand and suppress rich fen bryophytes (Kooijman & Bakker
1994, Grootjans et al. 1996). Reaction of H. vernicosus to the lowered pH and higher
Sphagnum competition is similar to that of other rich fen mosses — smaller and less vital
populations at localities with the high cover of Sphagna (Paper I, IT and IV).

For conservation of H. vernicosus and other rare fen bryophytes, re-establishing of the
management is necessary at many sites. High cover of the herb layer is a key negative factor
influencing the populations of the target species (Paper II). Therefore a regular mowing is
necessary at localities with the dense vegetation cover. At localities, where the herb layer
expansion is blocked by the high level of underground water, no mowing is necessary (Paper
I). Even there, however, occasional removal of establishing woods is essential (Paper 1V). At
drier sites, hollowing shallow gaps in the proximity of rare bryophytes is beneficial, as this
promotes the creation of sufficiently wet open space with low competition pressure, where the
sensitive targets species may expand (Paper I). However, the traditional management
(mowing or grazing) is not always sufficient for the long-term protection of endangered
species, and hydrological restoration is often necessary (Milson et al. 2008, Bergamini et al.
2009).

Aims of the study:

1. Vegetation and chemical characteristics of the H. vernicosus localities in the Czech
Republic; comparison of sites in the different parts of the Czech Republic (Papers I, 11,
V).

2. Comparison of the ecological requirement of H. vernicosus with the ecological

requirement of potential competitors - related species (Scorpidium cossonii, Warnstorfia
exannulata) (Paper III).



3. Comparison of Czech localities with sites in different parts of Europe (Western
Carpathian, Southern Europe) (Paper I1I).
4. Reaction of H. vernicosus to management at localities (Papers I, II).

e

Long-term reaction of H. vernicosus to different environmental factors (Paper II).

a

Comparison of the recent and historical distribution of H. vernicosus in the Czech
Republic, quantitative characteristics of all recent populations (Paper V).

Conclusions

Hamatocaulis vernicosus grows in the mineral-rich habitats, it has the highest cover at neutral
pH (6.7 — 7.2) and conductivity between100 and 250 puS/cm, although most localities had
lower values. The vegetation composition at H. vernicosus sites is variable according to pH
and water table gradient. No noticeable difference between localities in different regions was
found within the Czech Republic. However, the optimal conditions of the species are shifted
towards more acid conditions (pH about 6) at localities in the southern Europe. No correlation
was found between H. vernicosus population prosperity and the nutrient concentration;
however, the populations are more extensive in iron richer conditions.

The main factor affecting H. vernicosus populations is the density of vascular plant
cover — the species thrived best in habitats with sparse herbs and abundant “brown mosses”.
Therefore, at localities with the high vascular plants cover, regular mowing is necessary. The
species prefers habitats with the stable high water table. At sites with lower water table, its
growth and vitality can be supported by shallow gap cutting.

In the Czech Republic, the species has been recorded at 54 localities, while its occurrence was
not verified at 89 historical localities. Population size at recent localities ranges from a few
stems to tens of square metres; most of the populations are considered to be adversely affected
by various negative factors. Nevertheless, the overall occurrence of H. vernicosus in the
Czech Republic is not immediately endangered if current conditions at its localities, including

the active conservation management, remain unchanged.

Perspectives

A number of questions remains open even after the completion of the above presented papers.
First of all, it is necessary to address the questions related to the existence of differentiated
phylogenetic lineages within Hamatocaulis vernicosus, which were suggested to represent
cryptic species by Hedends & Eldenéds (2007). Before looking for the differences in ecological
preferences of the two cryptic taxa, it might be worth to examine in detail the microspeciation
processes within H. vernicosus s.l. (and other closely related taxa) in the global perspective,
which would help to assess the biological status of the discovered lineages.

Further questions are from a major part connected with the practical protection of a species at
the locality. One such aspect is the vegetative reproduction and regeneration from stem
fragments and the survival rate of young regenerating plants in various conditions. This topic
is being studied in the framework of another dissertation at the Department of Botany.



Detailed knowledge of these issues could substantially help in planning the active
conservation measures at localities with small and unstable population of the target species. It
particularly applies to the chances of the species to expand into other parts of the locality,
estimating the consequences of the direct impact of the mowing technique to the species, or
the use of the direct disturbation of the turf for spreading to the neighbouring micro-localities.
Another aspect of conservation importance is the competition study between the target species
and other bryophytes in various chemical and moisture conditions. The knowledge would
facilitate the realization of specific treatments (excavating the gaps, removal of competitive
species) at individual localities, where H. vernicosus is threatened.
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Paper I
Biological Conservation 135: 443-449, 2007

Vegetation, water chemistry and management at the localities of Hamatocaulis
vernicosus (Mitt.) Hedenés (Calliergonaceae, Musci) in the Czech Republic

1

v & 1 v
Tana Stechova', Jan Kucera

'Department of Botany, Faculty of Biological Sciences, University of South Bohemia, BraniSovska 31,
CZ-370 05 Ceské Budgjovice, Czech Republic

Abstract

Hamatocaulis vernicosus has been revised in detail for its habitat preferences, ecology and
population dynamic at all recent localities in the Czech Republic. The sites were surveyed for
belowground water level, pH and conductivity of water, and the phytosociological
relationships were analysed upon the evaluation of vegetation relevés. Seven localities in
different parts of the Czech Republic were selected for a more detailed analysis of water
chemistry — NH4", NO5~, Ca*” and Fe’™ and three localities were selected for manipulative
experiments that included mowing and gap cutting during two years.

Hamatocaulis vernicosus had the highest cover at neutral pH (6.7 — 7.2) and
conductivity betweenl00 and 250 pS/cm, although most localities had lower values. No
correlation was found between the cover of Hamatocaulis and the concentrations of NHy "
(range 0.15 — 0.30 mg/1), NOs™ (0.1 — 0.4 mg/l), Ca’" (3-10 mg/l), or Fe’™ (02-1.7 mg/1).

Populations of Hamatocaulis vernicosus were positively influenced by mowing only at
a site with a high cover of vascular plants, and gap cutting was only beneficent at sites with
lower water table. The growth and vitality of Hamatocaulis can thus be supported by suitable
management especially in drier habitats.



Paper 11

Wetlands Ecology and Management 20: 329-339, 2012
The original publication is available at www.springer.com
http://www.springerlink.com/content/c3710w86663q5639/

Factors affecting population size and vitality of Hamatocaulis vernicosus (Mitt.)
Hedenés (Calliergonaceae, Musci)

Tana gtechovél, Jan Kuéeral, Petr Smilauer?

'Department of Botany, Faculty of Biological Sciences, University of South Bohemia, Branigovska 31,
CZ-370 05 Ceské Budgjovice, Czech Republic

*Department of Ecosystem Biology, Faculty of Biological Sciences, University of South Bohemia,
Branigovska 31, CZ-370 05 Ceské Bud&jovice, Czech Republic

Abstract

Hamatocaulis vernicosus, a rare moss species, was monitored in 33 fens in the Czech
Republic for five to six years. Population size, vitality and trends of population development
were recorded. Water chemistry, water level fluctuation, vegetation type and cover, as well as
mowing regime were assessed and the effect of these potential predictors on the species
populations was examined. Populations of H. vernicosus were affected mainly by the density
of vascular plants — the species thrived best in habitats with sparse herb and abundant “brown
moss” cover. Other important factors included water table fluctuation and water concentration
of iron. Populations were more vital and prospered better in sites with a stable water table and
more iron-rich conditions. Dependence of population parameters on other measured
characteristics of water chemistry was not detected.
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Comparison of habitat requirements of the mosses Hamatocaulis
vernicosus, Scorpidium cossonii and Warnstorfia exannulata in different
parts of temperate Europe

Tana Stechova', Michal Hajek™?, Petra Hajkova™ & Jana Navratilova™

'Department of Botany, Faculty of Science, University of South Bohemia, Braniovska 31, CZ-370 05
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Abstract

Habitat affinities of the red-listed and EU Habitat Directive moss species Hamatocaulis
vernicosus and the more widely distributed allied species Scorpidium cossonii and
Warnstorfia exannulata were analysed. Ecological preferences of these fen mosses, with
respect to water pH, water conductivity, Ellenberg’s moisture and nutrient indicator values,
were compared in three different European locations (Bohemian Massif, the West Carpathians
and Bulgaria) using logistic regressions fitted by means of Huisman-Olff-Fresco models.
Inter-specific co-occurrences of the species were also investigated. Warnstorfia exannulata
preferred slightly acid conditions, about pH 5.6 at all the locations studied. Ecological
behaviour of S. cossonii was very similar at all the locations, where it occupied base-rich
habitats (pH > 7). The pH optimum of H. vernicosus, occupying habitats in the middle part of
the base richness gradient, varied between locations from 6.0 in Bulgaria to 6.7-7.0 in the
West Carpathians and Bohemian Massif. Niche diversification followed the gradient in
Ellenberg nutrient indicator values and was similar at all the locations. In the Bohemian
Massif and Bulgaria, the occurrence of W. exannulata was further associated with a relatively
high moisture indicated by the Ellenberg indicator value. The results obtained from the
Huisman-Olff-Fresco models accord with the results of inter-specific co-occurrences.
Moreover, the latter method revealed a link between H. vernicosus and the occurrence of
disjunctly occurring boreal sedges, suggesting the relic nature of H. vernicosus habitats at
these locations.
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Abstract

The species Hamatocaulis vernicosus is a fen moss, which is endangered and protected in
Europe. Recent-ly we have known 9 localities of this species in the Bohemian Forest.
Vegetation relevés and detailed water chemistry were investigated at all localities and
subsequently compared with data on H. vernicosus from different parts of the Czech
Republic. The studied species grows in similar vegetation types in all of the Czech localities,
including the Bohemian Forest. However, in the Bohemian Forest sites, chemical composition

of water differs markedly, particularly in Ca, Mg and NO; contents.
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Abstract

The historical and recent distribution of Hamatocaulis vernicosus, a species of Annex II of the
Habitats Directive, was studied on the basis of herbarium specimens, a review of published
literature and the authors’ own survey of potentially suitable biotopes. The species has been
recorded recently at 54 localities, while its occurrence was not verified at 75 historical
localities supported by specimens, and at 14 unsupported localities. Population size ranges
from a few stems to tens of square metres; most of the populations are considered to be
adversely affected by various negative factors including unstable water regime,
eutrophication, lack of appropriate management, expansion of woodland and other

successional changes.
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