
1. Introduction

The vegetation history of the South Tyrol has been poorly investigated compared to
adjacent regions in Austria and Switzerland. According to distribution maps of Schneider
(1985) and Wahlmüller (1993), supplemented by my own surveys (Stumböck 1999), only
the area around Bozen has been studied so far (e.g. Kofler 1992, Schmidt 1975, Seiwald
1980). It is necessary to fill this gap for a better regional understanding of the re-
establishment and development of vegetation after the ice age and of human influences.
One step towards this goal is the study presented in this paper. The sediments of the
investigated fen Kurzmoos reveal a complete and undisturbed sequence from Late-Glacial
to Subatlantic time. Pollen diagrams seem to be especially suitable for the interpretation of
the vegetation history of subalpine altitudes from the Passeiertal and adjacent areas.

2. Study Area

The study area is situated in the upper Passeiertal approximately 23 km north of Meran
near the Italian-Austrian border (Fig. 1). This area of the eastern Central Alps is mainly
characterized by metamorphic rocks (schist and gneiss) and subcontinental climate. Platt
(1147 m a.s.l.), for example, experiences an annual precipitation of 1035 mm and an
average annual temperature of 8.0 °C (Hydrographisches Amt 1994, 1995).
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ABSTRACT

This study presents pollen and sediment analyses from a subalpine fen in northwestern South
Tyrol. A complete sequence from Oldest Dryas to Subatlantic is preserved there. After the
retreating of ice, pioneer vegetation and alpine meadows spread followed by immigration of
larch and Siberian cedar even during the Allerød. Both were replaced during the early Atlantic
by spruce. At the start of the Subatlantic, anthropogenic impact become evident through forest
fires and increasing pastures. Another period of clearing – strongly connected with the
spreading of larch – occurs at the beginning of the High Middle Ages.
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The investigated site Kurzmoos (46° 52’ N lat.; 11° 09’ E long.) is located adjacent to
the inn Schönau at an altitude of 1820 m. The moderately tilted fen has developed within
a long and narrow depression up to a depth of 5.15 m and reaches 250 x 20 m. The stable
slopes and apparently no fluvial dynamics show ideal conditions for an almost
undisturbed accumulation of organic material.

Kurzmoos is situated within the subalpine belt composed of dense spruce (Picea abies)
and larch (Larix decidua). The ground vegetation is dominated by dwarf shrubs (Calluna
vulgaris, Rhododendron ferrugineum, Vaccinium spp.) and grasses (e.g. Deschampsia
flexuosa, Festuca rubra). The vegetation of the fen is heterogeneous and rich in species.
Some of the more common plants are Carex nigra, Eriophorum latifolium, Pinguicula
vulgaris, Potentilla erecta and Scirpus caespitosus. According to Biologisches
Landeslabor (1991), Kurzmoos may be described as a fen with certain taxa typical for
raised bogs such as Drosera rotundifolia. Today, no indication of grazing can be
recognized within the area.
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Figure 1: Map of northwestern South Tyrol. The investigated fen Kurzmoos (1820 m a.s.l.) is indicated by an
asterisk.



3. Methods

Using a Russian sampler with a chamber length of 50 cm and a diameter of 4 cm, corings
were taken in the centre of the eastern part of the Kurzmoos, where the basin reaches its
maximum depth. Additionally, the first 50 cm were dug. The sediments were prepared at
the Botanical Institute, University of Innsbruck, following standard methods including
ultrasonic tube and HF (described, e.g., in Moore et al. 1991). The slides have been counted
generally on 600 arboreal pollen and by a computer program (Stumböck, Müller 1996) and
the pollen diagram has been plotted using “POLPROF” (Tranquillini 1988). The diagram is
designed as a percentage diagram (Fig. 3) supplemented by pollen concentration.

4. Results

4.1. Chronostratigraphy

The AMS-radiocarbon datings (Tab. 1) were determined by the R. J. Van de Graaff Labo-
ratorium (University of Utrecht, The Netherlands). The d13C (‰) measurements show
typical values for terrestrial sediments and indicate no significant role of the hard water
effect.

A diagram showing sediment age versus depth is given in Figure 2. The mean
sedimentation rate is 2.90 cm/100 years (calibrated). Following extremely low
sedimentation during the Late-Glacial, the rate increases to a maximum of 25.8 cm during
the early Atlantic. In the uppermost 50 cm (Modern Age) a secondary maximum is reached.

4.2. Lithostratigraphy and wood findings

The sediments (Tab. 2) reveal in the lowest parts mineral subsoil and highly decayed
gyttja. Above these layers, Carex peat occurs followed by a large section of wood peat
rich in fragments of Alnus viridis and Picea-Larix-type. The latter may not be separated
adequately (Schweingruber 1990). The uppermost part again shows Carex peat poor in
wood.
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Table1: Radiocarbon datings of the Kurzmoos

Depth (cm) Years BP conventional Material δ13C (‰) Laboratory no.

30 311 ±31 seeds –24.8 UTC 5348

44 385 ±31 seeds –25.4 UTC 5349

65 990 ±70 wood –25.8 UTC 5042

78 1100 ±29 wood –28.5 UTC 5666

118 2598 ±40 wood –24.2 UTC 5043

277 7410 ±90 wood –28.8 UTC 5773

316 7590 ±80 wood –27.3 UTC 5044

442–444 10060 ±80 wood/plant –24.8 UTC 4436

466–468 11330 ±60 clay –24.3 UTC 5774

496–498 14290 ±70 clay –21.3 UTC 5063
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Depth (cm) Layer Colour Wood fragments (cm)

0–5 Sphagnum yellow

55–22.5 Carex peat dark brown

22.5–23 Carex peat and coarse sand grey brown

23–27.5 Carex peat dark brown

27.5–28.5 Carex peat and coarse sand grey brown

28.5–75 Carex peat dark brown Alnus viridis (67)

75–317 wood peat black Picea-Larix (120, 222, 235, 260, 290),

Alnus viridis (240, 260), Pinus (290)

317–330 wood peat and Carex peat black brown Alnus viridis (solid layer 315–318)

330–375 Carex peat dark brown

375–415 Carex peat and gyttja black brown Salix (386)

415–454 gyttja black brown

454–490 clay dark grey

490–493 clay and sand dark grey

493–500 clay dark grey

Table 2: Lithostratigraphy and wood fragments of the Kurzmoos

Figure 2: Age-depth relationship of Kurzmoos. Black dots are calibrated radiocarbon datings, open dots are
conventional. X means rate of sedimentation in cm/100 years calib.



4.3. Palynostratigraphy

The local pollen assemblage zone 1 (LPAZ 1) (14,300-10,000 BP) in Fig. 3 is
dominated by non-arboreal pollen types typical for the Late-Glacial period, such as
Poaceae, Artemisia, Caryophyllaceae and Cichorioideae. Characteristic pollen from
shrubs are Ephedra and Pinus. The sediment almost exclusively consists of clay.

Zone 2 (10,000 – ~9,000 BP) has the highest Pinus cembra percentages in the core 
(15 %). Because of the difficulties in separating the pollen of Pinus cembra from P. mugo
and P. sylvestris (cf. Klaus 1975), the real percentages are higher. Within this zone Betula
is increasing to a maximum of nearly 50 % and Larix to 5 % respectively. Alnus viridis
shows a prominent increase from the middle of the zone. Non-arboreal pollen types,
especially Poaceae, are negligible up to zone 5. The sediment is gyttja followed by peat.

Zone 3 (~9,000 – ~8,000 BP) shows similar characteristics as to zone 2. The most
notable change is the increase of local Cyperaceae correlated with Rosaceae from
Potentilla-type. The sediment is almost pure Carex peat.

Zone 4 (~8,000 – ~7,000 BP) is characterized by fluctuating increase in Picea, Betula
and Alnus viridis and a triple peak in Salix pollen. Larix and Pinus decrease permanently.
Arboreal pollen types are the highest in the core (95 %). The sediment is wood peat which
continues up to zone 7.

Zone 5 (~7,000 – 2,600 BP) is dominated by the highest Picea percentages (approx. 
50 %). Other arboreal pollen are decreasing, except for Alnus viridis. Abies and Fagus
are present throughout. Indefinable spores (“Monolete”) are represented with a maximum
of 33 %.

Zone 6 (2,600 – ~2,400 BP) is poorly defined by just three samples. Only the sudden
and limited peak in Poaceae pollen and the increase in Alnus viridis and Particulae
carbonae (charcoal) justify this zone.

Zone 7 (~2,400 – 1,100 BP) shows a slow decline in Picea pollen with two collapses
around 100 cm and 60 cm.

Zone 8 (<1,100 BP) is defined by the strong increase in non-arboreal pollen types, e.g.
Poaceae, Caryophyllaceae and Cichorioideae. Almost all arboreal pollen are decreasing
except for Larix. Anthropogenic indicators, such as Secale, Triticum, Castanea and
Juglans, are represented continuously. Similar to zone 3, Cyperaceae combined with
pollen from Potentilla-type occur.

5. Discussion

5.1. Late-Glacial

The radiocarbon dating 14,290 BP shows one of the oldest ages within the subalpine
altitudes of the Eastern Central Alps immediately after the retreating of Würm ice. At
Chanoua (Lower Engadine, Eastern Switzerland) 17,100 BP has been dated, yet older
carbonate have presumably caused these very high ages (Zoller et al. 1996). Within the
Kurzmoos, the period from the Oldest Dryas to the end of the Allerñd is shortened to
30 cm and therefore considerably compressed. Only the homogeneous diagram and the
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Figure 3: Simplified pollen percentage diagram of Kurzmoos, South Tyrol. The percentages are calculated on
all terrestrial pollen (Ephedra to Vitis). Main diagram: D = Picea abies; ∑ = Pinus total; z = Pinus
cembra; the bold continuous line divides arboreal pollen from non-arboreal pollen; squared area =
Poaceae. Additionally, the concentration of all terrestrial pollen is shown (1 unit = 100,000
pollen/1 cm3 sediment).



high pollen concentration apparently give evidence of continuous sedimentation and
exclude a larger hiatus within this section.

The basin of Kurzmoos is sealed with clay - mixed with sand - in the lowest parts. The
coarse sand especially characterizes a landscape almost free of vegetation (Wahlmüller
1990). According to Rausch (1975), the very high Pinus percentages at the basis of the
core stem from long distance transport of lower altitudes, because the still poor pollen
production of the sparse local vegetation cannot receive higher percentages within the
diagram. The pollen of Hippophae, a pioneer shrub, have also been transported from
lower altitudes and indicate steppe vegetation.

Subsequently, Pinus pollen are retreating and typical plants of bare soil and pioneer
meadows, such as Artemisia, Botrychium, Caryophyllaceae, Chenopodiaceae,
Cichorioideae and Cirsium, are progressing. In addition to these apocrats, Poaceae and
Cyperaceae are increasing. The latter are the part of the spreading meadows and do not
indicate a fen within the basin, because at that time Kurzmoos is a lake almost free of
plants that is slowly filled with mineral sediments.

Pollen of Ephedra are common during the Late-Glacial. This fact was accepted earlier
as an indicator of steppe or semi desert at lower altitudes with cold-continental climate
(Lang 1951; Welten 1957). Yet further investigations have shown that glaciers of the Alps
contain modern pollen of Ephedra fragilis-type. These pollen (Ephedra altissima) have
been transported from Northern Africa by dust storms (Bortenschlager 1967, 1970).
Therefore, long distance transport from other climatic regions or from another continent
cannot be excluded even during the Late-Glacial.

The treeline cannot directly be deduced from the pollen diagram. Within the inner
Ötztal this line was at least 1900 m a.s.l. during the Allerød (Bortenschlager 1991). In
contrast to this, trees just reached 1500 m within the area of Gardasee, Northern Italy,
(Grüger 1968) and 1600 m within Lower Engadine, Eastern Switzerland (Zoller et al.
1996). The diagram of the Kurzmoos shows an increase of Larix decidua and Pinus
cembra pollen above 465 cm in the cores which may indicate sparse local occurrence of
these treeline species at 1800 m a.s.l. during the Allerød and even the Younger Dryas.
The low percentages do not disprove this hypothesis, because of difficulties in
separating Pinus cembra from other Pinus species (cf. palynostratigraphy, zone 2). Larix
is a poor pollen producer with few percentages indicating local occurrence (Ammann
and Wick 1993).

The deteriorating climate during the Younger Dryas is represented just a little within
the core. Pioneer plants, such as Poaceae, Caryophyllaceae and Cyperaceae, show
a secondary maximum. Artemisia has its primary maximum within this period. At the
end of the Younger Dryas, Betula dominates and Pinus, Pinus cembra and Larix decidua
stagnate. This indicates a lowering of the treeline and a thinning-out of Late-Glacial
forests. The extreme peak of Betula seems to be caused by local environmental
conditions.

5.2. Preboreal and Boreal

From the beginning of the Preboreal the adjacent slopes of the Kurzmoos are covered
by Pinus cembra and Larix decidua. These forests are also shown by obviously retreating
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apocrats and Poaceae. The latter are almost negligible up-to the beginning of the
Subatlantic and therein resemble many pollen diagrams of subalpine and montane
altitudes of the Central Alps (Seiwald 1980, Burga 1980). Extreme fluctuation of Betula
occurs up to the early Atlantic which is an unique and locally restricted phenomenon, as
other pollen diagrams indicate (e.g. Seiwald 1980). Despite these large pollen amounts,
no conclusive macrofossils and wood could be found within the core.

The modern distribution and ecology of the snow tolerating Alnus viridis might favor
Late-Glacial immigration of this subalpine shrub. Yet the spreading of Alnus was
hampered effectively by the dry climate during the Late-Glacial and even during
Preboreal according to Zoller et al. (1996).

From the early Holocene, the lowlands of the Inn valley are dominated by Quercetum
mixtum composed of Fraxinus, Quercus, Tilia and Ulmus often accompanied by
Corylus. These pollen are insignificantly preserved within the diagram, because of the
far distance.

During the Preboreal, the basin of the Kurzmoos was still covered by a lake and water
plants, such as Sparganium and Potamogeton, occur (not shown in the pollen diagram).
Later during the Boreal, the basin filled with sediments to such an extent that
Cyperaceae spread widely. Synchronously, pollen of Potentilla-type are increasing,
probably P. erecta, which is typical for the modern Kurzmoos. In the uppermost zone 
of the diagram, this combined occurrence happens again.

5.3. Atlantic and Subboreal

At the beginning of the Atlantic, the dense subalpine forests composed of Pinus
cembra and Larix decidua are terminated by immigrating Picea abies which dominates
from 7,600 BP. This time fits well with the general overview of the vegetation history of
the Eastern Central Alps (Kral 1979). Since then, Pinus cembra and Larix were
restricted to the treeline region.

Abies alba and Fagus sylvatica, important trees within montane altitudes, show
continuous pollen percentages from 185 cm. This depth corresponds to the middle
Atlantic as pollen diagrams from adjacent Sarntaler Alps indicate. Yet an occurrence of
these trees at subalpine altitudes may be excluded during the whole Holocene.

The Kurzmoos itself was covered by trees, as many findings of wood fragments from
Alnus viridis and Picea-Larix-type indicate. Yet the few pollen of Larix clearly show
prevailing Picea. During the early Atlantic, high amounts of Alnus viridis, Betula and
Salix pollen occur. Probably these are caused by unstable environmental conditions
within the basin of the Kurzmoos, which allowed the dominance of different woods at
various times. From about 7,000 BP, the Kurzmoos was permanently covered by Picea
with an understorey of Ericaceae. During that time, Poaceae and Cyperaceae were
extremely diminished.

5.4. Subatlantic

At the turn from the Subboreal to the Subatlantic, anthropogenic impacts from the Iron
Age are obvious. Neolithic influences, as described e.g. from the inner Ötztal (Vorren et
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al. 1993), may not be confirmed according to available data within the Kurzmoos. 
At 2,600 BP, a short peak of Poaceae pollen can be seen. This may be correlated 
with a weak increase of Triticum – the first distinct anthropogenic indicator within 
the diagram. The strong slumps of Picea within this section are combined with 
peaks of Alnus viridis and increasing Poaceae and other indicators for grazing, such 
as Artemisia and Cichorioideae. These indicate clearing of subalpine forests, shown 
also by the high contents of Particulae carbonae and simultaneous spreading of
subalpine bushes, pastures and meadows. Probably these impacts have been locally
restricted and may be described as shifting cultivation. This means, during various 
times of the Subatlantic, the surroundings of the Kurzmoos have been cleared and 
used as pastures. Later-on these areas have been deserted and bushes followed by forests
re-immigrate.

In the diagram, another period of clearing may be recognized at the beginning of the
High Middle Ages followed by a permanent increase of Poaceae and other indicators of
grazing. Trees and shrubs are diminishing with the exception of Larix decidua, which
remarkably extends its area. The reason for that is that Larix is a pioneer tree and is
therefore favored by clearings.

Pollen of the cereals Secale and Triticum are rare within the diagram of the Kurzmoos.
Hordeum probably occurs, too. Due to the difficulties in separating Hordeum from other
Poaceae (Andersen 1979), Hordeum has been included in Poaceae. There is no evidence
given that an appreciable amount of cereals have been cultivated in the surroundings of
the Kurzmoos. This is deduced from the negligible pollen percentages and their good
ability of long distance transport. Even at high alpine altitudes of the Central Alps,
percentages larger than 1 % have been reported (Burga, Perret 1998). Adjacent to the
Kurzmoos, another fen at 2,230 m a.s.l. has been investigated (Stumböck 1999). At this
alpine altitude, the growing of cereals has always been impossible. Despite this fact,
a few percentages occur in the pollen diagram, too. Therefore, it may be concluded that
the vast majority of cereal pollen of the Kurzmoos came from the lowlands of South
Tyrol. Within the inner Passeiertal, Fischer (1974) reports on a few small farmlands
between 1,600 and 1,700 m a.s.l. Even if the altitudinal limit of growing of cereals was
somewhat higher during the High Middle Ages, these small patches might not have been
reflected in the pollen diagram.

Juglans regia and Castanea sativa were introduced to the Tyrol by the Romans
between the 1st century BC and 0 AD (Beug 1964, Bortenschlager 1976). The pollen of
both Mediterranean trees occur late in the diagram and derive from the lowlands of
Vinschgau.

The clearings during the High Middle Ages obviously have considerably changed the
ecosystem of the fen Kurzmoos, because they are combined with a higher water table,
establishment of Cyperaceae and corresponding peat accumulation. Complete
deforestation, especially of coniferous trees, has strong effects on hydrology by
drastically reducing interception and transpiration (Burschel, Huss 1987). This may
cause higher drainage on the surface. The development of a fen in the upper decimeters
of Kurzmoos is not unusual. According to Zoller et al. (1996), many fens of the Lower
Engadine developed after clearings.
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6. Conclusions

Table 3 shows the immigration and spreading of predominant trees within high
montane and subalpine altitudes from various regions of the Eastern Central Alps. Other
important trees and bushes, such as Alnus viridis, Betula, Pinus mugo and Pinus
sylvestris, have not been taken into consideration, the reasons being, e.g., difficulties in
separating pollen types, anemophily with extreme pollen production and pronounced far
distance transport. Another fact is that these species might not have contributed
significantly to stable climax forest communities.

It has to be concluded that the Late-Glacial and Holocene vegetation history of
subalpine altitudes of the Passeiertal corresponds well to the Eastern Central Alps,
especially the inner Ötztal. Therefore, northwestern South Tyrol, as reflected in the
investigated sediments of Schnalstal and Passeiertal, has to be considered as part of the
Central Alps.
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PŘÍRODNÍ VÝVOJ A ANTROPOGENNÍ IMPAKTY
NA VEGETACI PASSIERTAL V JIŽNÍM TYROLSKU
V POZDNÍM GLACIÁLU A HOLOCÉNU

R é s u m é

V práci jsou předloženy výsledky pylové a sedimentární analýzy ze subalpinského močálu v severozápadním
Jižním Tyrolsku, v němž je zachována úplná sekvence od nejstaršího Dryasu do Subatlantiku. Po ústupu ledovce
se rozšířila prvotní vegetace a alpinské louky následované výskytem modřínu a sibiřského cedru v Allerødu,
které byly během raného Atlantiku nahrazeny smrkem. Od Subatlantiku se projevil antropogenní impakt
výskytem lesních požárů a rozšiřováním pastvin. Další období odlesňování, které se výrazně projevilo např. na
změně ekosystému močálu Kurzmoos, proběhlo počátkem středověku.

V tabulce 3 je znázorněn výskyt a rozšíření hlavních stromů ve vysokohorských a subalpinských výškách
různých oblastí východních Centrálních Alp. Porovnání historie subalpinské vegetace v pozdním glaciálu
a holocénu podle dokladů ze sedimentů v údolích Passiertal a Schnalstal s celým tímto regionem ukazuje, že
severozápadní Jižní Tyrolsko může být pokládáno za součást Centrálních Alp.
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