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Successful transplantation of a hart’s tongue fern population
(Asplenium scolopendrium L.) with ten years of monitoring

— Thomas Becker and Ute Becker —

Abstract

At the edge of the Harz Mountains in Lower Saxony a population of the hart’s tongue fern (Asplenium
scolopendrium) threatened by destruction by a gypsum quarry were transplanted into a dolina which
was not populated by the species at that time, and the new population was followed over ten years. 90%
of the 59 transplanted plants survived this period and grew larger during the first six years after trans-
plantation. Progenies appeared in the third year after transplantation. Nowadays, in the tenth year after
transplantation, there are 1110 progenies, 171 of which are reproducing. Overall, the population
increased by 1781% in the ten years. Plants that were planted on a rocky slope or a boulder heap in the
new habitat, where soil was available, grew better than plants in rock faces without soil. In contrast, in
the rock faces, where substrate was not covered with autumn foliage, more juveniles established. The
distance between juveniles and mother plants rarely exceeded three meters, which indicates a limited
dispersal potential of the hart’s tongue fern and may explain together with low diaspore pressure as a
result of local rarity of the species that the dolina had not been colonized spontaneously. We conclude
that transplantations of adult plants or introduction of spores are a suitable measure for preserving
hart’s tongue fern populations that are endangered by destruction. In the long run, however, such
measures cannot compensate for ongoing destruction of natural habitats by mining activities in the
gypsum karst region at the southern edge of the Harz Mountains.

Zusammenfassung: Umsiedlung einer Population des Hirschzungenfarns
(Asplenium scolopendrium L.) mit zehnjihrigem Monitoring

Am Harzrand in Stidniedersachsen wurde eine Population des Hirschzungenfarns (Asplenium scolo-
pendrium), die durch einen Gipssteinbruch zerstort worden wire, in eine Doline, in der die Art bis
dahin nicht vorkam, umgesiedelt, und die Entwicklung der neuen Population wurde zehn Jahre lang
verfolgt. 90% der 59 umgesiedelten Pflanzen iiberlebten in dieser Zeit und wurden bis zum sechsten
Jahr nach der Umsiedlung kontinuierlich grofler. Im dritten Jahr nach der Umsiedlung traten erste Jung-
pflanzen auf. Mittlerweile, im zehnten Jahr der Untersuchung, gibt es 1110 Nachkommen, von denen
171 selbst reproduzieren. Damit wuchs die Population in den zehn Jahren um 1781%. Pflanzen, die an
einen felsigen Hang oder auf eine Blockhalde mit Feinboden in dem neuen Habitat gepflanzt worden
waren, wuchsen besser als Pflanzen in Felswinden, wo kein Feinboden vorhanden war. Dafiir konnten
sich in den Felswinden, wo kein Falllaub den Boden bedeckte, erheblich mehr Jungpflanzen etablieren.
Der Abstand der Jungpflanzen zu den Mutterpflanzen betrug selten iiber drei Meter. Dies deutet auf ein
begrenztes Ausbreitungspotential des Hirschzungenfarns hin, das zusammen mit einer geringen Spo-
rendichte infolge der Seltenheit der Art im Gebiet die ausgebliebene natiirliche Besiedlung der Doline
erkliren kann. Wir schlussfolgern, dass Umsiedlungen eine geeignete Mafinahme zur Rettung unmittel-
bar von Zerstorung bedrohter Populationen der Hirschzunge sind. Langfristig konnen solche Mafinah-
men jedoch die anhaltende Zerstorung der natiirlichen Lebensriume durch Gipsabbau am stdlichen
Harzrand nicht kompensieren.

Keywords: Habitat destruction, Phyllitis scolopendrium, population foundation, rare species, reintro-
duction.

1. Introduction

In 1993 it was announced that the company “HeidelbergCement AG” was planning an
extension of a gypsum quarry in ravine forests with a hart’s tongue fern population (Asple-
nium scolopendrium) at the Lichtenstein Mountain nearby Osterode at the south-western
edge of the Harz Mountains. This rare fern is considered “endangered” in Lower Saxony
and is “particularly protected” according to the German Federal Species Protection Ordi-
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nance (KORNECK et al. 1996, GARVE 2007). In addition, the ravine forest concerned belongs
to the priority habitat type *9180 “Tilio-Acerion forests of slopes, screes and ravines”
(EUROPEAN UNION 1992, SSYMANK et al. 1998) and was hence “particularly protected” at
the time of its destruction. After the plans of the gypsum industry had been unveiled, the
former “Initiative Naturschutzstudium” at the University of Gottingen and the “Natur-
freunde Gottingen e. V.” protested against them, e.g. with spectacular actions in Goslar and
in front of the state parliament of Lower Saxony in Hanover. Among others, these activities
stopped the planned quarrying of gypsum in the nature reserve “Lichtenstein”, but the
destruction of the adjacent ravine forests with the hart’s tongue fern population in question
went on. In summer 1997 the area was deforested, and soon afterwards the exploitation
started. In early summer 1998, just before the quarrying would have reached the fern popu-
lation, we decided to transplant parts of the population into a dolina that is situated 4 km
southeast at the Blossenberg Mountain south of Osterode (Fig. 1). This dolina was not pop-
ulated by the hart’s tongue fern at that time, but we considered it a suitable habitat. Here, we
describe the performance of the transplanted fern individuals and of the whole population
over the past ten years.

Reintroduction measures and the establishment of new populations are a central part of
the “Global Strategy for Plant Conservation” and contribute to the implementation of the
“Convention on Biological Diversity” adopted at the Earth Summit in Rio de Janeiro in
1992 (UNITED NATIONS 1993). Reintroductions and new establishment of plant populations
may aim at different targets in nature conservation: Firstly, the biodiversity of degraded
habitats can be restored (e.g. HOLZEL et al. 2002 for floodplain meadows, KIEHL et al. 2006
for nutrient-poor grasslands, or MOTTL et al. 2006 for forests). Secondly, specific vegetation
types, which are important for the ecosystem, might be (re-)established by reintroducing
respective key species e.g. Calluna vulgaris (MITCHELL et al. 2008), or Sphagnum species
(GRAF & ROCHEFORT 2010). Thirdly, rare species or species that are extinct in a specific area
can be reintroduced as species conservation measure, e.g. Vitis vinifera subsp. sylvestris in
the Rhine Valley (ARNOLD et al. 2005), Pulsatilla patens in a gravel plain near Munich
(RODER & KIEHL 2008), or Gladiolus imbricatus in Estonian (JOGAR & MOORA 2008) and
Scorzonera humilis in Luxembourgian (RECKINGER et al. 2010) flood plains.

In general, reintroductions and new establishments of populations are broadly accepted
and increasingly practiced measures of nature conservation. However, these measures have
rarely been practiced in Central Europe so far (but see ARNOLD et al. 2005, KIEHL &
PFADENHAUER 2007, RECKINGER et al. 2010), with the exception of restoration measures
involving whole habitats, e.g. by transfer of hay or of diaspores of typical sets of species
(DONATH et al. 2006, HOLZEL et al. 2006, KIEHL et al. 2006). In contrast, reintroduction or
establishment measures of single species are rare and have even more rarely been monitored
so far (but see CoLAS et al. 2008, JOGAR & MOORA 2008, RODER & KIEHL 2008). Very
recently, however, reintroduction projects with rare species were started in Central Europe
indicating a trend reversal, e.g. with Apium repens, Oenanthe conioides, Luronium natans,
and Pulsatilla pratensis in Schleswig-Holstein (LUTT 2009, RICKERT & DREWs 2009) and
with Pinguicula vulgaris in Thuringia (EBEL 2006).

Reintroduction measures need not necessarily be successful (ARNOLD et al. 2005), but
they often are (HOLZEL & OTTE 2003, EBEL 2006, MASCHINSKI & DUQUESNEL 2006). In
some cases, established populations perform even better than (COLAS et al. 2008) or similar
to (MORGAN 2000, MARRERO-GOMEZ 2007) existing ones.

In contrast to experiments that mainly focus on technical questions or that study the
success of re-established populations in the short term, long-term studies of reintroduction
measures are missing (but see CULLY 1996, BOTTIN et al. 2007, COLAS et al. 2008).

Reintroduction and establishing of populations should comply with several conditions,
e.g. the use of autochthonal plant material from populations nearby (if possible) and of a mix
of genotypes, which is important for the adaptive potential of populations (HEINKEN 2009);
furthermore, all reintroduction measures should be properly documented (PEGTEL 1998,
VAN GROENENDAEL et al. 1998). Such documentation is also part of our study, which is
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obviously the first (published) study on transplantation or introduction of a fern population.
At least a search in the Web of Science (THOMSON REUTERS 2008) using the search terms
“reintroduction” or “reestablishment” or “transplantation” and “fern” did not produce any
hits.

The main questions of our study are: (i) How did the transplanted individuals or the new
population, respectively, perform over the last ten years? (ii) How does the micro habitat
affect the success of the transplantation?

2. The species Asplenium scolopendrium

The hart’s tongue fern (Asplenium scolopendrium L.; synonym: Phyllitis scolopendrium
(L.) Newm.) (Fig. 2 and 3) is a hemicryptophyte of the Polypodiaceae family. The in Europe
diploid species is distributed from Western Europe and Great-Britain, southwards to the
edge of the Alps (here normally not higher than 1700 m a.s.l.) and the northern Mediter-
ranean, and eastwards to the Carpathians and to Crimea (SEBALD et al. 1993).
A triploid tribe is distributed in Japan and in east North America. The species distribution
pattern is considered to be submediterranean-temperate-subatlantic (OBERDOREER 2001). In
Germany, the hart’s tongue fern mainly occurs in low mountain ranges in the southwest and
at the edge of the Alps. Large populations can still be found in the low-mountain range of
north-western Germany, where the species reaches its northern range margin; however,
many local populations went extinct here (BUNDESAMT FUR NATURSCHUTZ 2009). In the
study region at the south-western edge of the Harz Mountains, the hart’s tongue fern still

Fig. 1: New habitat of the hart’s tongue fern population at the Blossenberg Mountain (A) and its for-
mer “habitat” at the Lichtenstein Mountain (B). Yellow arrows in “A” indicate localities of the six
planting groups (planting groups 1-4 in the rock face, group 5 on the slope, and group 6 on the boulder
heap; 15.10.2005; T. Becker). Black arrows in “B” indicate the former locality of the population at the
Lichtenstein Mountain (19.11.1997; G. Ellwanger).

Abb. 1: Neues Habitat der umgesiedelten Hirschzungenpopulation am Blossenberg (A) und ihr friihe-
res ,Habitat“ am Lichtenstein (B). Die gelben Pfeile in ,,A“ zeigen die Lage der sechs Pflanzgruppen an
(Pflanzgruppen 1-4 in den Felswinden, Gruppe 5 am Hang und Gruppe 6 auf der Blockhalde). Die
schwarzen Pfeile in ,B“ zeigen den ehemaligen Wuchsort am Lichtenstein an.
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Fig. 2: Well-developed individual of the hart’s tongue fern (planting group 4) ten years after transplan-
tation (31.10.2009; T. Becker).

Abb. 2: Uppig entwickelter Hirschzungenfarn aus Pflanzgruppe 4 zehn Jahre nach der Umsiedlung.

occurs in the nature reserves “Hainholz” and “Lichtenstein”. It mainly grows in shady sites,
on calcareous (sulphate) soils (often on rocks), in areas with high air humidity and mild
winter climate, mainly in ravine forests of the Fraxino-Aceretum psendoplatani W. Koch ex
Tx. 1937 (alliance Tilio platyphylli-Acerion psendoplatani Klika 1955) (HETTWER 1999,
OBERDORFER 2001). The leaves of the hart’s tongue fern are wintergreen (life span: 13
months and more) and unable to endure desiccation. In contrast to other species of the
genus Asplenium (A. trichomanes, A. ruta-muraria) that are able to persist frost by desicca-
tion (poikilohydry), the hart’s tongue fern tolerates freeze and winter drought due to
osmotic regulation and thickened cell walls. Frost hardiness of the species is recorded up to
-14 °C and -19 °C, respectively (KAPPEN 1964, LOSCH et al. 2007).

3. Methods
3.1. Transplantation of the plants

In June 1998, 59 individuals of the hart’s tongue fern were removed from their natural
habitat at the Lichtenstein Mountain near Osterode (ordinance survey map no. 4227/33;
Gaufl-Kriiger coordinates 358216/573257; 10°11'25" E, 51°43'30" N; 225 m a.s.l.). At first,
the plants were cultivated in a bright grove in the New Botanical Garden Gottingen. In
March 1999, they were transplanted into the dolina 3 km south of Osterode at the Blossen-
berg Mountain (260 m a.s.l; ordinance survey map no. 4227/34; Gauf}-Kriiger coordinates
3585122/5730328; 10°13'48,7" E, 51°42'03,9" N), which we considered a suitable habitat for
the hart’s tongue fern. This dolina is located in a north-facing uvala valley covered with
forests at about 4 km distance from the original habitat at the Lichtenstein Mountain. The
northeast part of the dolina is formed by gypsum from the Zechstone period and the south-
west part by argillaceous shale. At the border of the two strata percolating water caused dis-
solution of gypsum leading to a subsidence of ground and formation of the dolina. This
process is still ongoing. The dolina has a size of 45 m x 45 m and a depth of ca. 10 m. Steep
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Fig. 3: Juveniles of Asplenium scolopendrium in the rock face habitat of planting group 2 (31.10.2009;
T. Becker).

Abb. 3: Jungpflanzen von Asplenium scolopendrium in der Felswand im Bereich von Pflanzgruppe 2.

gypsum rocks, which tower the dolina in the east (Fig. 1, back left), form its northern and
eastern boundary. The foot of the gypsum rock is covered by a boulder heap, and between
gypsum rocks a rocky slope extends to the base of the dolina (Fig. 1, front and centre left).
The western part of the dolina consists of clay layers which form a less steep slope (Fig. 1,
back right). The area close to the dolina is dominated by European beech forest, whereas the
dolina itself is covered by ravine forest with Acer pseudoplatanns and Ulmus glabra (Fraxi-
no-Aceretum) belonging to the priority habitat type *9180 “Tilio-Acerion forests of slopes,
screes and ravines” (EUROPEAN UNION 1992, SSYMANK et al. 1998). On the percolated wet
soils in the western part of the dolina, common ash trees are growing with Carex remota in
the field layer. During the last ten years, several old trees slipped down the slope leading to
increased gaps in the canopy. The well-developed field layer mainly consists of ferns:
Athyrium filix-femina, Dryopteris filix-mas, D. dilatata, on the rocky faces also Polystichum
aculeatum, Asplenium trichomanes, and Cystopteris fragilis. Impatiens noli-tangere, Urtica
dioica, Geranium robertianum, and in wet areas Chrysosplenium oppositifolium represent
herbs and herbaceous perennials.
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We planted the individuals into six groups referred to a “planting groups” in the following, contain-
ing 7-12 individuals each. Four of them were in rock faces (planting groups 1, 2, 4), and one group each
on a rocky slope (group 3), a ledge (group 5), and a boulder heap at the basis of the dolina (group 6).
The position of the plants within each of the planting groups was recorded to enable individual moni-
toring. In the rock face habitats of planting groups 1 and 2 slope was steep (about 85° inclination), while
it was less steep (about 40° inclination) in the non-rock face habitats i.e. the ledge, bolder heap, and
rocky slope.

3.2. Monitoring of the plants, estimation of dispersal distance and studying
environmental variables

In late summer or early autumn the fate, number of leaves, and, since 2000, length of the longest leaf
of each of the transplanted individuals were recorded annually until 2003 and biennially between 2003
and 2009. Only leaves of the respective year were counted and measured. In addition, the presence or
absence of spores was recorded for each individual. If present, juveniles were counted and assigned to
the nearest planting group. Prothallia were not recorded because species could not be identified. In 2009
the size (length of the longest leaf) of each of the 265 juveniles (43-73 in each planting group) was
recorded. To study the dispersal potential of the species, the mean and the maximum distance of the
established juveniles to the next transplanted (adult) individual was estimated in each planting group.
The inclination of the slope was recorded at five positions in each of the six planting groups using
a compass with clinometer (Recta DP 6), and light intensity was measured with a luxmeter (Elvos
LM-1010) above each adult plant (15-23 measurements in each of the six planting groups).

3.3. Data analysis

Prior to analysis, variables describing the plant growth were averaged over the six planting groups.
The changes of the growth variables over time were analysed using univariate analysis of variance
(ANOVA) and repeated measurement ANOVA. Differences in the size of the juveniles and the relative
growth rate of the plants between habitats (rock faces vs. non-rock faces) were analysed with simple
ANOVA. The relative growth rate of the transplanted individuals was calculated as: RGR =
[(# leavesyppe x length longest leaf,pp9) — (# leavesypgp x length longest leafyyg) / (# leaves,gpp x length
longest leaf,y0)] x 100.

Statistical analyses were performed using the SPSS version 15.0 (SPSS Inc., Chicago, Illinois, USA).
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Fig. 4: Development of (A) the number of leafs, and (B) the length of the longest leaf of transplanted
hart’s tongue fern plants over a time span of ten years. Mean values and + 1 standard errors are shown.
Repeated measurement ANOVA. 0, = spring 1999 (date of planting), O, = summer 1999.

Abb. 4: Entwicklung (A) der Anzahl der Blitter und (B) der Linge des lingsten Blattes pro umgesiedel-
te Hirschzungenpflanze iiber den Zeitraum von zehn Jahren. Dargestellt sind Mittelwerte und + 1 Stan-
dardfehler. ANOVA mit Messwiederholung. 0, = Frithjahr 1999 (Pflanzdatum), 0, = Sommer 1999.
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4. Results
4.1. Fate and growth of the transplanted individuals

52 of the 59 transplanted individuals (88%) survived the study period of ten years. Seven
individuals (12%) died during this period because they were slipped out of the rock face
(three individuals), buried by beech autumn foliage (one individual), and because of
unknown reasons (three individuals).

The average number of leaves per plant significantly increased from ten in the first year
to 26 after eight years (F 5 = 56.5, p = 0.001) (Fig. 4A). At the same time, the variability of
the number of leaves increased significantly (F;5 = 31.3, p = 0.003, 2 = 0.94, p < 0.001)
(see error bars in Fig. 4A). The length of the longest leaf per each plant doubled from about
25 cm to 50 cm within the first six years (Fy 5 = 234.7, p < 0.001) (Fig. 4B). The size of plants
that were planted on the rocky slope, the boulder heap, or the rock ledge increased during
the study period by 679% = 291%, whereas plants that were planted into rock faces
increased only by 396% + 205%.

4.2. Population dynamics

At the time of transplanting, none of the plants contained spores. Already one year later,
68.4% of the plants had sporulated, and in the fourth year, almost all plants were fertile
(Fy5=735.7, p <0.001) (Fig. 5A). Two years after the first plants had developed spores, the
first juveniles emerged. At first, the number of offspring increased slowly up to 50 in the
fourth year; later on, the reproduction rate increased faster and faster up to 1110 offspring
ten years after transplanting, 171 offspring were reproducing that time (F;s = 12.1,
p = 0.018) (Fig. 5B and Fig. 6). Each of the 59 transplanted individuals produced 18.6 estab-
lished juveniles as a result of sexual reproduction, i.e. clonal offshoots were never observed.
Allin all the population increased by 1781% within the 10 years.
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Fig. 5: Proportion of transplanted hart’s tongue fern plants with spores (A) and number of offspring per
transplanted plant (B) over a time span of ten years. Mean values and + 1 standard errors are shown.
Repeated measurement ANOVA. 0, = spring 1999 (date of planting), 0, = summer 1999.

Abb. 5: Anteil der umgesiedelten Hirschzungenpflanzen mit Sporen (A) und Anzahl der Nachkommen
pro umgesiedelte Pflanze (B) iiber den Zeitraum von zehn Jahren. Dargestellt sind Mittelwerte und
+ 1 Standardfehler. ANOVA mit Messwiederholung. 0, = Friihjahr 1999 (Pflanzdatum), 0, = Sommer
1999.
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Fig. 6: Development of population size of transplanted adults, juveniles, and adult offspring over a time
span of ten years. 630 vegetative progeny were counted in the eighth year of the study (value not
shown). 0, = spring 1999 (date of planting), 0, = summer 1999.
Abb. 6: Entwicklung der Populationsgrofie unterschieden nach umgesiedelten Pflanzen, und juvenilen

und adulten Nachkommen tiber den Zeitraum von zehn Jahren. Im achten Jahr gab es 630 vegetative
Nachkommen (Wert nicht angezeigt). 0, = Frithjahr 1999 (Pflanzdatum), 0, = Sommer 1999.

4.3. Effects of the micro habitat on offspring performance

On average, each adult plant in rock faces had produced 24.9 offspring after 10 years,
whereas plants on the rocky slope, the ledge, and the boulder heap had produced only 8.9
offspring (F = 1.7, 5, p < 0.261). After ten years, the mean length of the longest leaf per plant
was 18.3 £ 5.1 cm on the rocky slope, the ledge, and the boulder heap, but only 3.9 + 0.1 cm
in the rock faces (F = 3.5, 5, p < 0.134). The number of spore-producing progenies was also
lower on the rocky slope, the ledge, and the boulder heap compared to progeny in the rock
faces (24 vs. 32 progenies). However, due to low statistic power these differences were not
significant.

Light intensity differed significantly between planting groups, i.e. conditions were dark-
er in groups 1 and 5 (366-498 lux) and more bright in the other groups (654-772 lux)
(Fi5 = 16.7, p < 0.001). However, light intensity did not differ significantly between rock
face and non-rock face habitats (619 vs. 637 lux, F; 5 = 0.18, p = 0.669).

5. Discussion

The results of our study show that the dolina at the Blossenberg Mountain is a suitable
habitat for the hart’s tongue fern, which raises the question why the species did not establish
spontaneously in the dolina, particularly since the closest populations of the hart’s tongue
fern, which could have served as potential diaspore sources, grow less than 4 km away and
one would expect that the diaspores are well-dispersed because they are very light. Howev-
er, the short distances between juveniles and adults recorded in our study as well as the main
dispersal direction (which is down slope) indicate that the dispersal potential of the species is
indeed restricted. Obviously, most of the spores fall directly to the ground without being
dispersed by wind, which, however, might also be attributed to the sheltered position of the
dolina. On the other hand 13 juveniles were found outside the dolina (in about 10 m dis-
tance to and about 5 m above the next mother plant), indicating that wind dispersal is never-
theless possible. Long distance dispersal in Asplenium scolopendrium is also indicated by
the fact that synanthropic habitats such as stone walls and fountain shafts even in cities are
colonised by the species (SEBALD et al. 1993; pers. observation). In total, the fact that the
species did not colonise the dolina spontaneously can best be explained by a function of dis-
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persal limitation and low diaspore pressure due to overall rarity of the species at the south-
western edge of the Harz Mountains.

Several authors emphasize that the hart’s tongue fern is restricted to moist air conditions
(e.g. OBERDORFER 2001) and that it is sensitive to changes in the humidity conditions of the
habitat (KELSALL et al. 2004). At the south-western edge of the Harz Mountains, high air
humidity also occurs in other dolinas and on the north facing side of gypsum rocks that are
not occupied by the hart’s tongue fern indicating that the species does not fill its potential
niche. However, overall these habitats are relatively rare. Nevertheless, in these habitats the
establishment of further populations of the hart’s tongue fern could be possible, e.g. by
attaching leaves with spores from neighbouring populations on rock faces, thus enhancing a
dispersal of spores onto the rocks. This measure could increase the frequency of the species
in the area and thus enable its spontaneous further dispersal.

In our study, the increasing variability in the number of leaves among the six planting
groups with time might be explained with differences in nutrient, but also in light condi-
tions. Overall, the plants grew better in places with accumulated fine earth, i.e. they grew
better on the rocky slope, ledge, and boulder heap than on rock faces without fine earth.
Furthermore, the planting groups 1 and 2 (at the rock faces) were overgrown with high
spruces until the winter 2005/06 when the spruces were overthrown by a storm; therefore,
light was very likely also a limiting factor here until winter 2005/06.

The enhanced reproduction of the species in rock faces is probably due to better germi-
nation and recruitment conditions because these areas are not covered with beech autumn
foliage. Mainly on the rocky slope, but also on the larger ledges, prothallia and juveniles are
covered with fallen beech leaves in autumn, decreasing their survival probability. However,
on rock faces competition with the liverwort Conocephalum conicum, which often forms a
dense cover, can adversely affect germination and recruitment of prothallia and juveniles.
This assumption is supported by the fact that a high number of juveniles established on the
root plate of a beech that was overthrown in 2004 (Fig. 1, centre), providing open soil with-
out moss competition, although this root plate was relatively far from the nearest mother
plants. In contrast light conditions did not differ between rock face and non-rock face habi-
tats and therefore cannot explain the differences in the number of juveniles between the two
habitat types.

Furthermore, gypsum boulders at the base of the dolina are obviously a suitable habitat.
These gypsum boulders have open rock at their edges, which enables germination and
recruitment of the plants, while soil accumulations between and on top of the boulders pro-
vide nutrients; moreover, on top of the boulders there is less accumulation of slowly decom-
posable beech foliage because maple and elm are the dominant species here. In any case, the
boulder heap was colonized not only by many, but also by conspicuously large and fertile
offsprings. In total, the results of our study indicate the importance of micro-habitats for
establishment success. The importance of open soil for the recruitment was also shown by
FLINN (2007) for fern species in North America, and by SCHWARZBERG (2008) for the rein-
troduction success of Pinguicula vulgaris in gypsum rock faces at the southern edge of the
Harz Mountains close to the study area.

The transplantation in our study cannot compensate for the loss of ravine forests at the
Lichtenstein Mountain. However, habitat conservation is only possible if no further mining
permits will be issued for valuable habitats in the karst landscape of the southern edge of the
Harz Mountains and if mining can be stopped in particularly sensitive areas. The former
condition may be fulfilled soon: since 2004, 10.88 km? of the karst landscape south of
Osterode, including the forests at the Blossenberg Mountain and “our” dolina, are accepted
as Natura 2000 site “Gipskarstgebiet bei Osterode” (EU-4226-301) (for designation and sig-
nificance of the Natura 2000 site see ELLWANGER 1999a,b). However, the protected area has
gaps in the form of existing active (Lichtenstein Mountain) or planned quarries; two of
those, 8 ha and 6 ha in size, respectively, are located in only 150 m and 450 m distance of
“our” dolina, respectively — as shown by a map of the Ministry for Environment and Cli-
mate Protection of Lower Saxony (NMUK 2009).
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In the long run, one can only hope that gypsum products like wallboards will be
replaced by alternative products and that, until then, consumers will stop using them
because companies still focus on mining of gypsum as shown by recent purchases of
deposits in the Thuringian gypsum karst and mining applications made even in Natura 2000
sites.
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Zu Becker & Becker: Artenreiche Wiesen und Weiden

Tab. 5: Artenreiche Glatthaferwiesen (Arrhenatheretum elatioris) im nérdlichen Sollingvorland und Ith.
Die Kiirzel hinter den Artnamen bedeuten: Charakterart fiir: A1 = Arrhenatheretalia, A2 = Arrhenatherion, A3 = Arrhenatheretum, C = Cynosurion, F-B = Festuco-Brometea, M-A = Molinio-Arrhenatheretea, N = Nardetalia, V = Violion caninae.

Tab. 5: Species-rich oat-grass meadow (Arrhenatheretum elatioris) in the northern Solling foreland and Ith.

1 - Arrhenatheretum ranunculetosum bulbosi

2 - Arrhenatheretum typicum

1.1 - Linum catharticum-Var.

- Dactylorhiza fuchsii-Subvar.

1.1.2 - Trifolium pratense-Subvar.

1.2 - Campanula rotundifolia-Var.

1.3 - Typische Var.

2.1 - Leucanthemum
ircutianum-Var.

2.2 - Typische Var.

Aufnahme-Nr.

Flachen-Nr. (s. Tab. 1)
Meereshohe (m i. NN)
Ausgangsgestein (s. Kap. 3.1.)
Nutzung (s. Tab. 12)
Hanglage (°)

Hangneigung (°)

Deckung der Krautschicht (%)
Deckung der Moosschicht (%)
Deckung der Streuschicht (%)
Anteil offener Boden (%)
Héhe der Krautschicht (cm)
pH-Wert des Bodens
Artenzahl GefaRpflanzen
Artenzahl Kryptogamen
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Arrhenatheretum elatioris
Galium album, A3
Arrhenatherum elatius, A3
Crepis biennis, A3

d1.1.1

Dactylorhiza fuchsii

Listera ovata

Rhinanthus angustifolius
Carex panicea

Anacamptis pyramidalis, F-B
Hypericum hirsutum
Ononis spinosa, F-B
Thuidium philibertii

d1.1

Linum catharticum

Carex caryophyllea, F-B
Leontodon hispidus, A1
Hieracium pilosella
Thymus pulegioides
d1.1,1.2

Campanula rotundifolia
Scleropodium purum

Lotus corniculatus, A1
Sanguisorba minor, F-B
Vicia cracca, M-A
Centaurea scabiosa, F-B
Viola hirta

Brachypodium pinnatum, F-B
Carex flacca

Briza media

Ranunculus polyanthemophyllus
D1

Primula veris

Pimpinella saxifraga
Prunella vulgaris, M-A
Knautia arvensis, A1
Centaurea jacea, M-A
Plantago media

Agrostis capillaris

Betonica officinalis
Helictotrichon pubescens, M-A
Trifolium medium

Cirsium acaule, F-B
Ranunculus bulbosus, F-B
Luzula campestris, N
Medicago lupulina, F-B
Cynosurus cristatus, A1
Tragopogon pratensis, A1
d1, 2.1

Leucanthemum ircutianum, A1
Plantago lanceolata
Achillea millefolium, A1
Festuca rubra

Festuca pratensis, M-A
Rhytidiadelphus squarrosus
Anthoxanthum odoratum
Lathyrus pratensis, M-A
Calliergonella cuspidata
Cirriphyllum piliferum
Plagiomnium affine
d1.1.2,1.2,1.3, 21

Trifolium pratense, M-A
Rumex acetosa

Cerastium holosteoides, M-A
Cardamine pratensis, M-A
Lolium perenne, C

Bellis perennis
Ranunculus auricomus agg.
Poa trivialis

Anthriscus sylvestris
Trifolium repens

d Veronica-Ausbildung
Veronica arvensis

Bromus hordeaceus
Eurhynchium swartzii
Brachythecium rutabulum, M-A
Arrhenatheretalia
Trisetum flavescens, A1
Dactylis glomerata, A1
Veronica chamaedrys, A1
Heracleum sphondylium, A1
Alchemilla xanthochlora, A1
Trifolium dubium, A1
Leontodon autumnalis, C
Pimpinella major, A1

Vicia sepium, A1
Rhinanthus minor, A1
Carum carvi, A1

Daucus carota, A1

Phleum pratense, A1
Veronica serpyllifolia
Plantago major
Molinio-Arrhenatheretea
Taraxacum sect. Ruderalia, M-A
Ranunculus acris, M-A
Holcus lanatus, M-A

Poa pratensis, M-A

Ajuga reptans, M-A
Deschampsia cespitosa, M-A
Stellaria graminea, M-A
Magerkeitszeiger
Scabiosa columbaria, F-B
Hypericum maculatum
Phyteuma spicatum
Bromus erectus, F-B
Potentilla sterilis
Alchemilla glaucescens
Anemone nemorosa
Galium pumilum
Campanula rapunculoides
Koeleria pyramidata, F-B
Orchis mascula
Campanula rapunculus
Potentilla erecta

Luzula multiflora

Veronica officinalis
Hieracium laevigatum
Begleiter

Senecio jacobaea
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Rosa canina juv.
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Picris hieracioides

Cirsium vulgare

Cirsium arvense

Valeriana officinalis agg.
Aegopodium podagraria
Vicia tetrasperma
Hieracium lachenalii
Senecio erucifolius
Convolvulus arvensis
Origanum vulgare

Cirsium palustre

Moose

Lophocolea bidentata
Plagiomnium undulatum
Brachythecium salebrosum
Fissidens taxifolius
Weissia spec.

Ctenidium molluscum
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Weitere GefaBpflanzenarten: Acer pseudoplatanus juv. 1:+,33:+,38:+,50:+, 77:+, 84:+, Agrimonia eupatoria 10:+,16:+,24:+,:26+,59:+, Agrostis gigantea 21:+,45:+, 77:+, 82:1, 83:1, Allium spec. 61:+, 67:+, Alopecurus pratensis 95:1, 96:+, 97:2, 98:1, Angelica sylvestris 4:1, Aphanes arvensis 99:r, Aquilegia vulgaris 16:1, Arabidopsis thaliana 73:+, Arabis hirsuta ssp. hirsuta 61:1, 67:+, 72:+, Arenaria serpyllifolia 9:1, 56:+, 61:1, 67:1, Calamagrostis epigeios 4:1, Calystegia sepium 16:+,
Calystegia sepium 65:1, 78:1, Capsella bursa-pastoris 30:r, 73:+, 96:+, 97:+, Carex muricata agg. 44:1, Carex pallescens 13:+,28:+, Carex pilulifera 15:+,18:+, Carlina vulgaris 3:+, Centaurium erythraea 10:1,57:+, Cerastium arvense 56:1, Cerastium glomeratum 24:+,57:+, 79:+, 94:1, 96:1, 99:1, Colchicum autumnale 71:1, 84:2, Crataegus monogyna juv. 3:+, Crataegus spec juv. 57:+, Crateagus laevigata juv. 2:+,7:+,21:+,29:+,39:+, 72:+, 80:+, Crepis capillaris 16:+,23:+,48:1,53:+, Crepis

praemorsa 11:+,36:+,51:+, Danthonia decumbens 18:1,28:+, Elymus repens 73:+, 99:+, Equisetum arvense 59:+, 74:+, Erophila verna ssp. verna 60:+, 70:+, 71:+, 73:1, 77:+, 95:1, 98:1, Eupatorium cannabinum 4:1, Euphorbia cyparissias 16:+, 17:+, Euphrasia rostkoviana agg. 23:1, Fagus sylvatica juv. 21:+, 48:+, 72:+, 79:1, Festuca filiformis 40:1, Festuca ovina s.str. 11:1, 18:1, 28:1, 45:1, 70:1, 71:1, Filipendula ulmaria 40:1, 54:1, 84:+, Fragaria vesca 21:+, 25:+, Fragaria viridis 11:+,
12:1, 16:1, 35:+, 40:1, Fraxinus excelsior juv. 30:+, 38:+, 51:1, Galium harcynicum 27:+, 40:1, Galium uliginosum 6:1, 41:+, 79:1, Galium verum 11:1, 51:1, Genista tinctoria 6:+, Gentianella ciliata 33:+, Geranium dissectum 58:1, 67:1, 78:1, Geranium molle 56:+, 73:+, 78:1, 96:1, Geranium pusillum 61:+, 65:+, Geum rivale 80:1, Gymnadenia conopsea 3:1, 4:+, Hieracium umbellatum 2:1, 54:+, Hypochaeris radicata 11:+, 38:1, 59:+, 69:+, 79:1, Lolium multiflorum 70:+, 71:+, 97:+, Lotus
uliginosus 79:1, Lysimachia nummularia 58:1, 79:3, Molinia caerulea 6:2, Myosotis arvensis 58:1, 65:1, 66:1, 77:+, 84:+, Myosotis discolor 78:+, Onobrychis viciifolia 60:+, Ononis arvensis 30:+, 65:+, 75:+, 78:+, Ononis repens 5:1, Ophioglossum vulgatum 22:+, 23:1, 37:1, Ophrys insectifera 1:+, 2:1, Orchis purpurea 23:+, Pastinaca sativa 24:2, 76:+, :1, 96:+, Phyteuma nigrum 39:1, Platanthera bifolia 26:+, Poa angustifolia 5:1, 6:1, 11:1, 58:+, 65:2, Poa annua 50:+, 73:1, 98:1, Polygala
comosa 3:1, 16:+, Polygala vulgaris 18:1, Potentilla reptans 24:1, 57:1, Primula elatior 22:1, 37:1, 84:1, Prunus avium juv. 59:+, Prunus domestica juv. 10:+, 25:+, 73:1, Prunus spinosa juv. 2:+, 3:+, 7:+, 13:1, 29:+, 35:1, 63:1, Quercus robur juv. 22:+, 23:+, 37:+, Ranunculus ficaria 69:1, 77:1, 79:2, 86:1, 91:1, Rosa rubiginosa juv. 21:+, 78:+, Rubus caesius juv. 1:1, Rumex crispus 95:+, 96:+, 97:+, 100:+, Sedum acre 23:+, 67:+, Sedum telephium 20:+, Senecio ovatus 1:1, Silene vulgaris
56:1, Solidago virgaurea 6:+, Stachys sylvatica 4:1, Stellaria holostea 21:+, 84:1, Stellaria media 56:r, 57:1, 96:1, 98:1, 99:1, Succisa pratensis 6:1, 40:+, 70:+, Tragopogon dubius 20:+, Trifolium campestre 15:1, 58:1, 61:1, 67:1, Vicia angustifolia 58:1, Vicia hirsuta 74:1, 93:+, 56:1, 57:1, Vicia sativa 25:1, 56:+, 86:+, Viola arvensis 95:+, Viola canina 6:+, 47:+. Weitere Moosarten: Acaulon muticum 83:+, Atrichum undulatum 53:+, 79:1, Barbula rigidula 25:1, Barbula unguiculata 23:+,
55:1, 61:1, 62:1, 67:+, Bryum caespiticium 16:+, 23:+, 44:1, 90:1, Bryum capillare agg. 6:1, Ceratodon purpureus 25:1, 87:+, Climacium dendroides 3:1, 5:1, 25:1, Dicranum scoparium 7:1, 28:1, Entodon concinnus 71:+, Eurhynchium hians 42:+, Fissidens cristatus 29:+, Homalothecium lutescens 20:+, Hylocomium splendens 12:+, Hypnum cupressiforme 3:1, 28:+, 32:1, 44:+, Phascum cuspidatum 90:+, Plagiochila asplenioides 21:+, Pleuridium acuminatum 88:1, Pottia spec. 16:1, 23:+,
26:+51:+Rhytidiadelphustriquetrus 12:2 Thuidiumdelicatulum 3:15:1




