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Pedoanthracology is one tool which was until recently widely
ignored and underrepresented in studies of vegetation history.
In contrast to pollen analysis which provides only data with low
spatial context on a regional level, pedoanthracology provides
data on a local level. Therefore, this tool allows the reconstruction
of local vegetation dynamics. On the one hand it may be applied
to specific habitats where we have as yet only limited data on its
history, as shown in two papers of this thematic set related to dry
grasslands (this paper; Henry et al., 2010, this issue; see also
Dutoit et al., 2009). On the other hand it allows the reconstruction
of the spatial dynamics of forests and the treeline which is shown
in two other papers (Talon, 2010, this issue; Touflan ef al., 2010,
this issue; see also Caracillet et al., 1997; Carnelli et al., 2004; Di
Pasquale ef al., 2008). Furthermore, charcoals can be easily iden-
tified to an ecologically meaningful genus or even species level,
however, in contrast, pollen can rarely be identified beyond
family or genus level that allows an allocation to specific ecological
conditions (Schweingruber, 1990; Beug, 2004). Charcoals can also
be found in situations with no or poor pollen preservation conditions.
Finally, the combination of both pollen analysis and (pedo-)anthra-
cology allows the reconstruction of both regional and local dynamics,
as was recently shown for forest history.

The origin and history of grasslands in Central Europe is
nearly unknown. Although calcareous grasslands belong to the
most species-rich ecosystems in Central Europe and a strong
research focus is placed on their ecology and management (eg,
WallisDeVries and Poschlod, 2002), there are in most cases only
assumptions about their history (Kndrzer, 1975; Korber-Grohne,
1990; Pott, 1995; Wilmanns, 1997; Poschlod and WallisDeVries,
2002; Dutoit et al., 2004).

Only few palynological studies showed a continuous existence
of calcareous grasslands since the Neolithic Age (Konigsson,
1968; Bush, 1993, Preece and Bridgland, 1999). A malacological
study from the Czech Republic reconstructed the history of cal-
careous grasslands since the Bronze Age (Lozek, 1988; Lozek and
Cilek, 1995). A detailed insight into the Iron Age grassland vege-
tation allowed the detection of preserved grassland sods from
grave mounds (Fritz, 1977, 1979; Fritz and Wilmanns, 1982).
However, no data are available from the largest calcareous moun-
tains in Central Europe, the Jurassic mountains of the Franconian
and Swabian Alb, extending from Northern Bavaria to the south-
west of Baden-Wiirttemberg over a distance of about 400 km.

Palynological records, however, do not only show the develop-
ment of the immediate vicinity of the sample site. Because of a
mixture of pollen of different origins, it is difficult to analyse the
development of single habitats on a small-scale level (Smith,
1980; Feegri et al., 2000). Therefore, the history of grasslands in a
certain region should not be reconstructed only with pollen
records. In contrast, malacological studies can show the Holocene
vegetation history of calcareous grasslands on a small-scale level,
however, the preservation of snail shells is limited (Lozek, 1959).
Charred wood particles are present in soils in most regions of the
world and can be frequently found in fire-managed grasslands
(Collins, 1990; Skjemstad et al., 1997, 2002). In comparison with
pollen grains, macroscopic charcoal pieces, which are used in
anthracological studies (Figueiral and Mosbrugger, 2000), are not
transported over long distances (Clark, 1988; Clark et al., 1998;
Blackford, 2000; Ohlson and Tryterud, 2000; Gardner and
Whitlock, 2001). Spectra of charcoals in soils in combination
with AMS-radiocarbon datings from charcoal pieces can therefore
show the local history of vegetation dynamics. Pedoanthracological
studies have produced a number of results on the vegetation history
in areas with poor pollen preservation conditions and especially
on a local landscape level: in Europe (Berli et al., 1994; Carcaillet
and Talon, 1996, 2001; Carcaillet ef al., 1997; Carcaillet, 1998,

2001; Talon et al., 1998; Carcaillet and Brun, 2000; Willis ef al.,
2000; Carnelli et al., 2004; Vernet et al., 2005), in North and South
America (Vernet er al., 1994; Charles-Dominique et al., 1998;
Whitlock, 2001; Scheel-Ybert et al., 2003) and in Australia
(Hopkins et al., 1993). Until now, there has been no pedoan-
thracogical study in Central European calcareous grasslands.

In our study, we therefore combined both a pedoanthracological
and a palynological approach to reconstruct the history of calcare-
ous grasslands in the central and southern Franconian Alb (see also
Baumann, 2006): (a) the origin and (b) the maxima of grasslands
extension. Whereas for (a) we followed the hypothesis that grass-
lands originated in the Neolithic period, we assume for (b) that the
largest extension was during the high and late Middle Ages because
of archive (available written documents and maps since the early
Middle Ages) studies (Poschlod and WallisDeVries, 2002). As a
next step, results from this study will allow the comparison of veg-
etation of old ancient grasslands with recent grasslands to determine
whether a certain species richness and species composition is only
related to one of these grassland categories and whether there are
any indicator species related to one of these categories.

Study area

The study area is situated in the Jurassic mountains of the central
and southern Franconian Alb (Bavaria, Germany), one of the bio-
diversity hot spots of species-rich calcareous grasslands (Ssymank
et al., 1998; Figure 1).

Calcareous grasslands still occur widespread in this area. Soil
samples for charcoal extraction were collected in grasslands along
the rivers Naab, Danube and Altmiihl from a total of eight sites.
The grasslands belonged mostly to the Gentiano-Koelerietum
type, in one case to the Pulsatillo-Caricetum humilis type (Quinger
et al., 1994). At two sites soil samples were also taken from rocky
areas with shallow soils (4lysso-Sedetum albi type) and pine
forests (abandoned or afforested grasslands).

Suitable deposits for taking a pollen profile were only found in
a peatland in the floodplain of the river Naab at Kallmiinz (see
also Nelle and Schmidgall, 2003).

Figure 1 Study area and study sites. Pedo, pedoanthracological
analysis: 1, Hutberg; 2, Strobelberg; 4, Wolfsberg; 5, Plattenberg.
Pollen, pollen analysis: 3, Kallmiinz. Rhein, Rhine, Donau Danube;
Kanal, channel
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All grasslands occured on Jurassic Malm. Soils belonged to the
Rendzic leptosol type.

Methods

Pedoanthracology

In total, 26 soil profiles from eight sites were sampled for the
pedoanthracological study but only 17 profiles from four sites con-
tained charcoal (Table 1). From each soil profile, subsamples from
different depths according to visible layers were taken. Samples
were stored at 4°C prior to sieving under hot water using sieves with
mesh widths 5.0, 2.0 and 0.63 mm. To reduce fragmentation, pieces
of charcoals were selected in each step of preparation. Finally, min-
eral components, roots, other organic remains and charcoals were
separated in a manual sorting process using an episcopic micro-
scope. The charcoal pieces were air-dried, and the weight and
volume were measured to calculate charcoal volume and mass.

Charcoals were identified using an episcopic interference
microscope with 200-500x magnification and a reference collec-
tion. Additional standard identification keys were also used
(Greguss, 1972; Schweingruber, 1990).

Eight samples were submitted to the Physical Institute of the
University of Erlangen for radiocarbon dating by accelerator mass
spectrometry (AMS). All radiocarbon datings were calibrated
using the INTCALO98 program (Stuiver ef al., 1998). Dates after
1955 were calibrated using '*C-dates from the sites ‘Schauinsland’
and ‘Vermunt’, as no calibration data set for this time period
is accepted.

The charcoal spectra show the volume-concentration of the
charcoal in the soil in parts per million (ppm):

C. = Vol /Volg 1)

where C_. is charcoal concentration (ppm), Vol is charcoal volume
and Voly is soil volume.

Global differences of medians of soil wood charcoal within a
data set were tested applying the Kruskal-Wallis test and differ-
ences between medians with the Mann—Whitney test.

Palynology

The sediment core for the pollen analysis was collected in a peaty
sediment deposit in the floodplain of the river Naab using a
Russian corer (Jowsey, 1966). It was sampled in situ. Colluvial
layers were only detected at the foot of the slope which were more
distant from the site (Schmidgall, 2003; Nelle and Schmidgall,
2003). Pollen grains could, in exceptional cases, have been
deposited from somewhere else during flooding events. However,
in a flooding event, pollen could have come only from the Upper
Palatinate (Oberpfaelzer Wald) and the Lower Bavarian Forest
where settlements began only in the Middle Ages and then were
locally restricted to use the forest mainly for charcoal production.
Agriculture on a larger scale started only in Modern Times (Nelle,
2002). Therefore, the deposited pollen related to grasslands can
only come from the study area. Sediments occured to a depth of 3
m. The samples were stored at 4°C prior to subsampling. Along
the profile, 1 cm® of sediment was taken every centimetre, dried
and stored at 4°C for further pollen preparation. Standard methods
(Feegri et al., 2000) and the addition of Lycopodium tablets, which
allows the calculation of pollen concentration (Stockmarr, 1971)
were applied for the preparation and concentration of the samples.
Samples were embedded in glycerine jelly as a mounting medium.
Pollen was analysed using a Leica DM/LM phase-contrast micro-
scope with a magnification of 400. For critical identifications a
magnification of 1000 oil-immersion was used. For each sample,

Table 1 Characterization of the pedoanthracological samples of the study sites

Charcoals®

Soil®

Plant community

Habitat

Inclination

Situation®

abbr.

Site

Median Vol. (mm?)

N¢ Vol. (mm?)

Vol/Volg (ppm)

Vol (10° cm?)

Mass (g)

0.39
0.51
0.45
1.05

92.29
177.86

82
148

461
889
218

2.0
2.0

1987.0

Gentiano-Koelerietum

grassland
grassland
grassland
grassland

10
10
10

Is

Hut 1

Hutberg
Hutberg
Hutberg
Hutberg

2178.0

Gentiano-Koelerietum

[

Hut 2

65.29

79

3.0

2831.6

Gentiano-Koelerietum
Alysso-Sedetum albi

us

Hut 3

7.16

72

1.0

396.5

10

Hut 4

0.43
2.99
0.50
0.50
0.50
0.75
0.90
0.65
0.50
0.54
0.30
0.30
0.16

1.56
8.49

84.65
18.26

88.38
157.18

40.63
94.58
25.57
355.07
10.23
69.51
26.98
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s, lower slope; cs, central slope; us, upper slope; ro, rock; pl, plateau.
Vol volume of charcoals; Vol, volume of soil; N, number of charcoals.
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saturation curves were calculated for Abies, Alnus, Fagus,
Juniperus, Picea, Pinus, Quercus and Salix in steps of 50 counted
pollen grains. The total number of counts between the samples dif-
fered due to the saturation of the mentioned pollen types of woody
species. Generally, a minimum of 500 land pollen grains, includ-
ing Cyperaceae, were counted as recommended by Moore et al.
(1991) and Feegri et al. (2000). However, Cyperaceae were not
included in the land pollen sum since wetland species could not be
differentiated from the Carex species represented in the calcare-
ous grasslands (Carex caryophyllea, C. flacca, C. humilis, C.
montana). Pollen identification was carried out with reference to
Beug (1961, 2004), Moore et al. (1991), Reille (1995, 1998, 1999)
and Faegri et al. (2000). A reference collection of pollen was also
used for the identification.

Juniperus was used as indicator species of calcareous grass-
lands since it is an exclusive pasture weed for this habitat in the
study region. Although several species and genera belong to the
Juniperus pollen type (Beug, 2004) this specific pollen type can in
this study be assigned to Juniperus communis since it is the only
species in the study region and the adjacent landscpaes.

The pollen diagrams were drawn with Tilia 2.0.b.4 (Grimm,
1993) and TiliaView 2.0 (Grimm, 2004). Percentages of tree
pollen types were calculated on the sum of tree pollen (AP). The
pollen sum for NAP-pollen (herbs) was calculated on the basis of
the pollen sum of tree and non-aquatic species-groups. The con-
centration diagram was made according to Stockmarr (1971) and
Faegri et al. (2000). Owing to a significant linear sediment growth,
the concentration diagram corresponds with an influx diagram.
The identification of pollen assemblage zones was performed
according to Moore ef al. (1991) and tested with numerical meth-
ods developed by Grimm (1987). The data pool for the classifica-
tion program CONISS developed by Grimm (1987) have been
pollen of land pollen types (AP and NAP).

Linear bivariat correlations between the proportions of different
pollen-types were tested by applying the Pearson test. Results
were used to identify local indicators.

Nomenclature
Nomenclature of the plant species follows Ehrendorfer (1973).

Results

Pedoanthracology

In 17 out of 26 analysed soil profiles, charcoals with diameters great
enough for further determination were recorded. The analysed
charcoals were very small (Table 1). There were no differences in
charcoal volumes of different situations within one habitat but
between habitats (H= 53.83; df = 2; p < 0.001). Median volume of
the grassland charcoals (m, = 1.01 mm?) was significantly lower than
the median volume of the forest charcoals (m;= 1.1 mm’; U= —6.89;
p < 0.001). The median volume of forest-soil charcoals was lower
than the median volume from rock charcoals (m, = 1.48 mm?*; U =
—-1.98; p =0.05). However, no differences were found in the charcoal
spectra of the different habitat types but in five profiles (Hutl, Hut3,
Hut7, Strol, Stro2) between different soil depths (Table 2).

In total, seven species or genera could be identified (Table 2)
which were Pinus (assigned to P. sylvestris which is the only Pinus
species occuring in the study region; Schonfelder and Bresinsky,
1990), Quercus spec. (Q. petraea, Q. robur), Fagus (F. sylvatica),
Ligustrum vulgare, Juniperus (J. communis), Abies (A. alba) and
Alnus (A. cf. glutinosa).

Pinus was by far the most dominant species in all charcoal spectra.
Other tree or shrub species such as Quercus, Abies and Juniperus
were frequently present but only in low concentrations. Fagus,
Ligustrum and Alnus were rare.

All dated charcoals were from Pinus. At Hutberg and
Wolfsberg, charcoals could be assigned to the end of the
Roman Empire or peoples’ migration period. All charcoals from
Strobelberg dated from the end of the Medieval Age, whereas
from Plattenberg they were from the early Modern Times (Table
3a).

Pollen analysis

The pollen profile had a strong and significant age—depth rela-
tionship which can be described by a linear regression from 25 cm
to 274 cm (Figure 2). Sediment growth started in the Iron Age and
stopped in the Modern Times.

Linear correlation between the percentage-values of pollen
types shows four pollen types to be exclusively and significantly
correlated to Jumiperus, namely Apiaceae, Galium type,
Ranunculaceae and Ballota/Galeopsis (Table 4). Occurence of
Plantago lanceolata was correlated to both Juniperus and
Secale pollen. Secale pollen was positively correlated with
Chenopodiaceae, Centaurea cyanus and undifferentiated cereal-
pollen type. Values of Juniperus pollen were always negatively
correlated with tree pollen (AP%) (R*> = 0.11; p < 0.05; N = 39).
The arithmetic mean of pollen values of Juniperus and the signif-
icantly correlated pollen types were used to reconstruct the devel-
opment of calcareous grasslands.

Six local pollen zones could be identified (Figure 3; KA 1-KA 6)
applying a cluster analysis according to Grimm (1987).

Local pollen zone KA 1 (263-279 cm) dated back to the Iron
Age (cal. 310 Bc + 89; Table 3b) and could be characterised by
high values of Pinus and relatively high but declining values of
Quercus (Figure 3). Other tree species occurred only in low con-
centrations. Juniperus was present but in low concentrations. NAP
is indifferent. Around 30% of counted and measured Poaceae
pollen grains belong to the cereal-type according to Feegri et al.
(2000). Only two pollen of the Poaceae grains (N = 271) were
determined as Secale (c. 1%). Arable field indicators such as
Centaurea cyanus and Chenopodiaceae were present in an older
subzone KA 1a but absent in 1b. Grassland indicators were found
only in low concentrations.

Local pollen zone KA 2 (226-251 cm) could be assigned to the
late Roman period (Table 3b). Values of Pinus were still high
whereas the decline of Quercus continued. Arable field and grass-
land indicators were continuously present but at low percentages.
Juniperus had low values, too. Values of Tilia increased slightly
whereas Fagus had nearly the same values as before. Both were
constantly present. In this period, AP has two peaks because of
high values of Picea, but the general trend of NAP/AP still indi-
cates an open landscape (Figure 3).

Local pollen zone KA 3 (132-219 cm) represented the period of
early Middle Ages (Table 3b). Values for trees from closed forests
such as Tilia, Abies and Fagus increased whereas Pinus
decreased. However, total AP is low. In contrast, the proportion of
Juniperus pollen and other grassland indicators increased. Higher
proportions of pollen from cereals, Secale pollen and arable field
indicators (Centaurea cyanus, Chenopodiaceae) and a higher ratio
between cereals and non-cereals indicate an increase in arable
farming.

Local pollen zone KA 4 (111-125 cm) was dated to the high
Middle Ages (Table 3b). Pinus increased again and Fagus
decreased. Calcareous grassland indicators such as Juniperus and
Galium type had the highest values within the whole pollen pro-
file. NAP increased continuously. Secale and other cereal pollen
as well as Centaurea cyanus had lower values than in LPZ KA 3.

Local pollen zone KA 5 (45-102 cm) represented the late
Middle Ages (Table 3b). AP% is high because of high proportions
of Pinus pollen. NAP including calcareous grassland and arable
field indicators had therefore only low proportions.
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Table 3 Radiocarbon datings from (a) soil charcoals and (b) sediment samples. All datings were calibrated according to Stuiver et al. (1998)

(@)
Site Depth (cm) 14C age (BP) Calibrated age Target no. Volume (mm°) Mass (g)
Hutberg 2 12-20 1565150 AD 503+114 Erl-6163 38.7 0.0176
Hutberg 7 11-18 1674£52 AD 3871145 Erl-6164 5.2 0.0022
Strobelberg 2 0-9 573+49 AD 1365+ 66 Erl-6165 17.1 0.0095
Strobelberg 6 9-20 581149 AD 1362164 Erl-6166 60.0 0.0395
Plattenberg 1 0-9 302148 AD 16321161 Erl-6167 36.0 0.0175
Plattenberg 1 9-16 399+122 AD 1553+253 Erl-6168 2.0 0.0003
Wolfsberg 5-16 510154 AD 390+ 87 Erl-6169 6.0 0.0005
Wolfsberg 16-26 -425+49 AD 195612 Erl-6170 18.0 0.0035
(b)
Depth (cm) Age (1) Lab code Time period
14C age BP Cal. years
24-25 41144 AD 1525+ 89 Erl-6917 Modern Times
59-60 694 £44 AD 1330156 Erl-6918 Late Middle Ages
89-90 733£53 AD 1300+ 78 Erl-6171 Late Middle Ages
115-116 105745 AD 965+ 64 Erl-6919 High Middle Ages
175-176 131047 AD 717153 Erl-7062 Early Middle Ages
211-212 1703+123 AD 3331198 Erl-7063 Late Roman period
251-252 1683 £46 AD 340179 Erl-6922 Late Roman period
276277 2251+46 -301+89 BC Erl-7651 Late Iron Age
2000 - Table 4 Linear regression analysis between pollen types. Linear
interrelations are proved with Pearson test for bivariat correlations.
Only high significant correlations (p < 0.01) are presented as square
1500 - { of Pearson correlation coefficient (R?)
% i { Pollen types Type of , Juniperus Secale Rumex Chenopodiaceae
2 1000 4 }. land use®
o
2’ 3 Plantago
E v lanceolata Calcareous  0.29 022 ns ns
® 500 - Apiaceae grasslands 0.18 ns ns ns
= y =-6,58x + 1767 { { Galium (pastures, 0.18 ns ns ns
8 - Ranunculaceae  Juniper 0.17 ns ns ns
0 Ballota- heaths)
Galeopsis 0.24 ns ns ns
I Secale Arable ns - 023 ns
500— . . . . . X Chenopodiaceae fields ns 0.19 ns -
0 50 100 150 200 250 300 Centaurea
cyanus ns 0.37 ns ns
depth (cm) Cereals
(non-Secale) ns 020 0.23 0.19

Figure 2 Age—depth relationship in the sediment core of Kallmiinz.
The regression between the depth of the sediment and its age is sig-
nificant (R? = 0.94; p < 0.001). The error bars show the standard devi-
ation (1 X). Pollen-containing sediment started to increase in the late
Iron Age (calibrated age 301 Bc + 89)

Finally, the last local pollen zone KA 6 (5-37 cm) could be
assigned to the beginning of Modern Times (Table 3b). Values of
Pinus declined but those of Quercus, Tilia, Corylus and Fagus
increased. NAP declined and increased at the end of KA 6.
Juniperus had low proportions in contrast to other grassland indi-
cators such as Galium type. Cereal pollen proportion was high.
Values of arable field indicators achieved high percentages, as
well as Urtica.

Within the profile also microcharcoals were detected. Three
peaks could be identified — the end of the Roman Empire, the late
Middle Ages and beginning of the Modern Times (Figure 3).

*The indication of land use is according to Behre (1981).
ns, result is not significant.

Discussion

Pedoanthracology

Since forest fires were and still are extremely rare in Central
Europe (Goldammer et al., 1997) we have to presume that the
charcoals are the result of man-made fires to keep the sites open.
Pinus was with one exception the dominating species in all char-
coal spectra. Species of deciduous forests (eg, Fagus, Abies and
Quercus) which are assigned to the actual potential-natural vege-
tation (Gauckler, 1938; Seibert, 1968a, b) were present only in
low concentrations. In most samples these species were even
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absent. The dominance of Pinus indicates that burning was
applied as a management tool rather in grasslands than open
forests because fire was used to reduce the litter in spring as well
as expanding woody species in pastures (Ellenberg, 1996;
Goldammer et al., 1997). The fact that Pinus needs open sites and
light to germinate and to establish (Ellenberg, 1996) supports this
hypothesis as well as the occasional occurrence of charcoal of
Juniperus and Ligustrum. An explanation of their rarity compared
with Pinus might be the low wood production.

Although we have only few datings of charcoal, they coincide
with the peaks of microcharcoals found in the peaty sediment pro-
file. These findings are supported by two other studies which took
place in the vicinity of two of our study sites, Hutberg and
Strobelberg. Schmidgall (2003) dated colluvisols at the Schlo3berg
of Kallmiinz indicating high erosion processes resulting from
arable farming or intensive grazing to the Bronze Age, the period
of Roman Empire and to the Middle Ages. Charcoal assemblages
were found within the colluvial layers assigned to the Bronze Age
and Middle Ages (Nelle and Schmidgall, 2003). Whereas in the
Bronze Age Quercus and Fagus were dominant, Abies was found
only in low proportions. The last two species were nearly com-
pletely absent in the layers dated to the Middle Ages. In these lay-
ers Pinus had the highest values found in both layers. Quercus was
also present. Charcoal assemblages dated to the Bronze and Iron
Age were also found in a rampart surrounding a celtic settlement
on the top of the same mountain (Baumann and Poschlod, 2008).
Quercus had by far the highest proportion throughout all layers
indicating a probable selection of this species for construction.
However, Pinus was also represented and in higher proportions
than any other species. This indicates an open and partly grassland-
dominated landscape already in the Bronze Age.

Pollen analysis

Calcareous grasslands

The selection of Juniperus as an indicator for grasslands corre-
sponds to the opinion and results of other authors (Wegmiiller,
1966; Gaillard and Berglund, 1988; Gaillard ef al., 1992; Innes
et al., 2003). Juniper establishment rate may increase with
decreasing grazing pressure. However, it persists in both inten-
sively and less intensively grazed grasslands and also abandoned
grasslands but becomes extinct by forest succession in the long
term (Ellenberg, 1996). The fact that juniper may naturally occur
on outcrops may be neglected since in the study region these sites
occur only locally on a small scale. As soon as the forest canopy
closes, pollen production of juniper is more or less completely
reduced (Poschlod, unpublished observations, 1990-93). Taking
into account the fact that in the study region but also in other karst
regions the species occurs only on calcareous grasslands, the
selection of this species is justified.

The recorded values of Juniperus correlated significantly with
Plantago lanceolata, Galium, Apiaceae, Ranunculaceae and Ballota/
Galeopsis pollen types.

In actual vegetation records of the study region, Plantago
lanceolata is rare in ancient calcareous grassland, but it is more
frequent in recent calcareous grasslands which were once used as
arable fields and then abandoned, eg, documented for the nine-
teenth and first half of the twentieth centuries and converted into
grasslands by grazing (Poschlod et al., 2008). Therefore, Plantago
lanceolata may be regarded as an indicator for alternate arable
field-grassland husbandry which is supported by its strong corre-
lation not only with Juniperus but also with Secale pollen. This
pattern corresponds to the assumption of Nielsen and Odgaard
(2004) that a reduction of Plantago lanceolata pollen grains may
indicate a conversion from pastures to arable fields.

There are several Galium species occuring in calcareous
grasslands of the study region such as Galium album s.l.,

G. pumilum and G. verum. Two other species occur in arable
fields and in meadows and pastures which are Galium aparine
and G. mollugo. However, both species indicate heavily fertil-
ized habitats (Ellenberg, 1996) which was only rarely the case in
the Central European landscape before the mineral fertilzer was
introduced in the nineteenth century. Therefore, the pollen curve
should, before that period, be mainly caused by the calcareous
grassland species. Likewise, Behre (1981) regards Galium
pollen type as indicating grasslands.

Apiaceae and Ranunculaceae are widespread in grasslands but
likewise in other habitats. Apiaceae growing in calcareous grass-
lands in the study region are Bupleurum falcatum, Daucus carota,
Laserpitium latifolium, Peucedanum spp., Pimpinella saxifraga,
Seseli spp. a.0. From the family of Ranunculaceae Pulsatilla
vulgaris, Ranunculus spp., Thalictrum minus a.o. are found
(Schonfelder and Bresinsky, 1990). The significant correlation
with Juniperus may be explained by the fact that calcareous grass-
lands exhibit such a large number of species from these families
and the most frequent species today occur only in very nutrient-
rich anthropogenous habitats (Ellenberg, 1996) which did not
exist to such an extent before the nineteenth century.

The correlation of Ballota/Galeopsis pollen type fits the actual
distribution pattern of Ballota nigra occuring in the transition of
calcareous grasslands to shrub colonies. This species is actually
frequent in the study region (Sendtko, 1993; Poschlod, personal
observations, 1990-93).

All these indicator pollen types were present throughout the his-
tory covered by the pollen profile but exhibited peaks, a first in the
early Middle Ages and the main peak in the high Middle Ages.
The proportion of these pollen types decreased in the late Middle
Ages and beginning of Modern Times. Pinus pollen correlated
partly with that but showed peaks in the late Roman period, late
Middle Ages and beginning of Modern Times (Figure 4) although
Pinus pollen values have to be interpreted very carefully because
of their low corrosion susceptibility in contrast to other trees
which plays, however, rather a role in terrestrial loess than peat
deposits (Havinga, 1984).

This pattern corresponds with findings from Knipping (2000). In
a pollen profile at Ottmaring in southern Franconian Jura covering
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Figure 4 Development of calcareous grassland indicators in the
study region of central Franconian Jura. Fire events, charcoal datings
from own pedoanthracological analysis. Bars, charcoal concentrations
(presentations of relative data) from colluvia (Nelle and Schmidgall,
2003). Pollen curves for indicators for calcareous grasslands
(Juniperus, Plantago lanceolata, Galium-type, Apiaceae, Ranunculaceae
and Ballota/Galeopsis pollen-type) and pine in percentage of total
pollen numbers found per layer
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parts of the Lateglacial and nearly the whole Holocene, she proved
the presence of Juniperus pollen from the Iron Age on (first peak)
and the main peak in the Middle Ages and beginning of Modern
Times. Petrosino (2004) detected not only pollen from Juniperus
but also another exclusive genus for calcareous grasslands,
Helianthemum in a pollen profile from the southern Franconian Jura
near Kelheim (‘Sippenauer Moor II”) which shows the existence of
grassland-rich landscapes since the Iron Age (Petrosino, 2004).

Is there any correlation of calcareous grassland
indicators with indicators for closed forests
and arable farming?
The pattern of arboreal pollen has to be differentiated when taking
into account differences of an open landscape to one rather cov-
ered with dense forests, since three arboreal species represented in
the pollen profile indicate open forests or are pioneer species,
which are Betula, Pinus and Quercus. Species from closed forests
are only represented in low proportions which is not only due to
their lower pollen production but also indicates that closed forests
where not widely represented. Fagus, the typical species of closed
forests in the Jurassic mountains had higher pollen values only in
the early Middle Ages indicating that land was at least partly aban-
doned during the Migration Period, which was the case in the
study region since there are almost no archeological findings from
that time period (Gesellschaft fiir Archédologie in Bayern, 2006).
Although the pattern of arable farming indicators is not signifi-
cantly correlated with Juniperus nor other grassland indicators
except Plantago lanceolata, it is partly similar to those of grass-
land indicators. Indicators of arable farming were present through-
out the whole profile with an extremely strong increase in the
early Middle Ages but a decline already in the high and late
Middle Ages, which may be explained by the fact that in the study
region agriculture was increasingly reduced because of the shift to
ore mining (Schmidt, 1987).

Historical dynamics of calcareous grassland
distribution: do pedoanthracological and pollen
analyses show the same pattern?
From the Iron Ages until the beginning of Modern Times, calcare-
ous grasslands existed in the study region. However, data should
be carefully interpreted when transferring the results to a larger
geographical range. This is because our study sites represent only
some spots within the central and southern Franconian Jurassic
mountains, as the emphasis of our study was the comparison of
two different methodological approaches for one smaller region,
namely Kallmuenz, and to show that such an approach gives
stronger results than the application of only one method. We have
also chosen this smaller region because additional pedoanthraco-
logical data from colluvia (Nelle and Schmidgall, 2003), which
are situated near two of our study sites, namely the Schloberg at
Kallmuenz in the vicinity of Hutberg and Strobelberg (Figure 4),
were available. The summary shows that the peaks of Pinus pollen
fully correspond with the periods to which the charcoals found in
the calcareous grasslands were dated, namely the end of the period
of Roman Empire and the late Middle Ages/beginning of Modern
Times. The main peak of the indicators for calcareous grasslands
in the pollen profile in the high Middle Ages overlaps with the
highest concentrations of charcoal found in the colluvium.
Considering the fact that charcoals in the colluvium were also
dated to the Bronze Age coinciding with a large Celtic settlement
on the SchloBberg (Sandner, 2005) we have even to assume that
calcareous grasslands existed even since the Bronze Age.
Therefore, we claim the following distribution dynamics of cal-
careous grasslands in the study region. Calcareous grasslands
started to develop at least during the Bronze Age. Open pine forests
with calcareous grassland vegetation underneath, indicating less

intensive grazing, had their peak during the Roman Empire and the
late Middle Ages. Open grasslands, however, had their peak in the
high Middle Ages. The first peak of grassland vegetation in open
forests corresponds with results from the lower Rhine valley where
Knorzer (1996) found a first peak of calcareous grassland indicator
macroremains during the period of the Roman Empire. The second
peak coincides with the strong mining activities followed by a
strong consumption of fuel wood (Lutz, 1941), the third peak with
the effort to keep the landscape open after a strong decline in
human population (Poschlod and WallisDeVries, 2002). Although
we could not prove our first hypothesis, the origin of calcareous
grasslands in the Neolithic periods as found by other authors in
Europe (United Kingdom: Bush, 1993; Preece and Bridgland,
1999; Waller and Hamilton, 2000; Sweden: Konigsson, 1968;
France: Dutoit e al., 2009; Hungary: Zoller and Erny-Rodman,
1994; Romania: Tomescu, 2000), we could confirm our second
hypothesis, which was the largest extension of calcareous grass-
lands in the Middle Ages (Poschlod and WallisDeVries, 2002).

Pedoanthracology as a useful tool for the
reconstruction grassland dynamics since the
Neolithic age

The reconstruction of the history of grasslands by palynology is
limited owing to the fact that the main matrix species, which are
members of the family Poaceae, may not be sufficiently differen-
tiated (Faegri et al., 2000; Beug, 2004). Although pollen from
wild grasses may be identified in the case of calcareous grassland
species, pollen may be not separated from wetland species which
always occur in the vicinity of suitable sediment profiles (eg,
Brachypodium pinnatum cannot be separated from pollen of
Phalaris arundinacea; Beug, 2004). Furthermore, such sediments
are mostly not available in karst regions. In this case pedoanthra-
cology is the only tool which allows any insight into grassland his-
tory at all. In case both pedoanthracology and palynology may be
applied this allows mutual validation and finally a more differen-
tiated view into grassland history. Therefore, we recommend the
application of both tools whenever possible.
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