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How to rehabilitate a sloping bog - the Gamperfin site
Beat von Gunten

Community: Grabs (canton St. Gall)
Locality: Gamperfin
Coordinates: 746-749/225-228
Elevation of the mires: 1,320 m a.s.1.

Area of the raised bogs: 16 ha
Area of the fenlands: 34 ha
(outside the mire landscape: 59 ha)
Area of the mire landscape: 280 ha

Fig. 3.16.1. Near infra-red false-colour aerial photograph of the Gamperfin bog showing drainage ditches, peat cuttings and rows of planted dwarf
mountain pine (Aerial photograph by the Federal Surveyor's Office, Berne, taken on 19 June 1984).
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3.16.1

Highlight of the visit

A detailed study of the peat bog Gamperfin-Turbenriet has facilitated a
prediction of the bog's response to drainage and the subsequent sequence of
rehabilitation and regeneration. The restoration measures which have been
taken and the goals of the regeneration proramme can be seen in the field.

Fig. 3.16.2. Location of the mires and the mire landscape of national importance in the Gamperfin area (modified from DFI 1990, 1991b, 1991c).
1 View from the west of the Gamperfin bog; 2 Base-rich, oligotrophic fens; 3 Central, undisturbed bog area; 4 Heavily drained bog with large peat
cutting area.
Scale of the map: 1 : 25,000; for key, see end-cover. Reproduced by courtesy of the Federal Office of Topography, Berne, 9 June 1992.
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3.16.2 General information
Large parts of the pasture area from Risiwald, above Hotel Voralp, to the northeast down to Simmitobel are covered by bogs and fens. The bog complex of
Gamperfin-Turbenriet-Tischenrietwald (Fig. 3.16.2) is the second largest in
canton St. Gall and one of 40 bogs in Switzerland larger than 10 ha. The ratio of
intact to disturbed bog-surface is about 1 : 2, which is approximately the Swiss
and cantonal average (SCHNEEBELI 1988; GRONIG et a1. 1986). Because of its
relatively large connected surface, the bog is of extraordinary importance.
There are a few smaller bogs, mostly surrounded by fens, in the neighbouring
area (Fig. 3.16.2). The central bog and several fens form the heart of the mire
landscape of Gamperfin. On three sides are steep slopes, and in the west a rock
bar forms the boundary of the mire landscape. The three parts of the landscape
are quite distinct: in the east it consists of a mosaic of fens, meadows, pastures
and woods, in the middle is a dense forest with hidden but vast bogs, and in the
west is an open pasture framed by wooded ridges.

It\\\J Areas with more than 0.5 m peat
Fig. 3.16.3. Geomorphology of the Gamperfin
bog also called Turbenriet (modified from
SCHNEEBELl 1988).
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3.16.3 Geology, geomorphology and hydrology

Gamperfin ( ca. 1330 m) 2000 mm

The entire area was covered by the Rhine glacier during its maximum extent in
the Wilrmian ice age (KELLER 1989). The retreat of the glacier 15,000 years ago
left the Turbenriet area with a substratum consisting of schistose, limy marl and
loamy ground moraine. On the eastern side, a band of calcareous marl eventually led to the formation of sink holes. The retreat of the glacier also left behind
three moraine ramparts running perpendicular to the slope. The ramparts were
gradually smoothed by erosion. The net result was the formation of three
distinct basins suitable for peatland formation. With time, peat formation
exceeded the original basins and extended across the moraine ramparts to form
one contiguous mire. There is a small stream on the south-west side of the bog
which constrained peatland formation there (Fig. 3.16.3). Peat accumulation
began about 12,000 years ago (Fig. 3.16.5). By the 19th century the maximum
peat thickness was probably at least 6 m. Today, the original three peat bodies
have maximum peat thicknesses of only 2.7, 4.6 and 4.8 m (Fig. 3.16.6). There
are many drainage ditches dating from the 1940's (Fig. 3.16.3) which continue
to affect the hydrology of the mire. While in former times the water level in the
bog was almost constantly at the surface, today the surface of the water is
generally lower.
Drainage after a heavy rainfall occurs quickly as the water flows directly
fr0111 the ditches into the streams. A further result of the drainage is the reduced
water storage capacity of condensed peat. Therefore, the discharge increases
during heavy rain (AHTI 1987).

3.16.4 Climate
The average monthly temperature ranges from -1.5 C in January to 13.4 C in
July (1901 to 1960). The vegetation period lasts from the end of May (the end
of the spring thaw) to the end of September (the beginning of heavy frosts).
ELLENBERG (1988) described the climate as montane -peripheral alpine. Great
quantities of rain fall during the entire year (approximately 2,000 mm). Even in
the driest months of February and October, the means of 4.3 mm and 4.5 mm,
respectively, per day are substantially higher than the potential evapotranspiration. Nevertheless, there is great variability in the amount of precipitation.
Wet and dry periods longer than 7 days occur on average every second year. In
summary, the climate of Turbenriet is characterized by considerable precipitation surpluses in both summer and winter (Fig. 3.16.4).
0

Fig. 3.16.4. Climate diagram for the Gamperfin
area (modified from SCHNEEBELl 1991a and
from WALTER and LIETH 1960). For explanation see Fig. 1.5.4.
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3.16.5 Specifications of the bog
Type

The Turbenriet is a sloping bog, tongue shaped and orientated towards the
south (Figs. 3.16.3 and 3.16.6).

Development of the peatland

Originally, peat accumulation started in three different centres, all on the
western side of the bog (Fig. 3.16.5). The southern and the middle parts of the
bog began to develop about 12,000 years ago and the northern part about 10,000
years ago. Well-decomposed and poorly decomposed layers of bog peat were
deposited over thin layers of fen peat. The two lower bogs grew together 9,000
years ago. In the expansion period of 7,500 to 6,500 BP, the bog formed its
present shape. During the following 2,000 years, it expanded in width only
slightly up to the natural borders defined by the small stream and the dolines.
Vertical growth lasted until approximately 100 years ago. The bog was almost
treeless for most of its history. Remains of Pinus spp. roots have only been found
in the younger layers of the upper horizons from about 0.3 to 1.0 m deep. Most
of the peat consists of J-Iypnul11 spp., Sphagnul11 spp. and Eriophorum vaginatul11.
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Fig. 3.16.5. Plan view of bog development of
the Turbenriet. The oldestdated point (11 ,600
BP) is marked on the map (1). The dates were
obtained from statistical analyses of the pollen profiles.
1 Sampling points are shown with black and
white circles. Empty circles show points where
pollen samples could not be taken; 2 Probability; 3 90%-confidence interval (modified
from SCHNEEBELI 1991a).

SOm

23

o

SOm

[m a.s.!.]

IIIIllIllIllIII Eriophorum peat
Sphagnum peat
Hypnumpeat

mnm

-

1330.

1320.

Phragmitcs peat
Organic matter
Ground moraine

[ma.s.!.]

1330.

1310.

1320.
Degree of humification

I I I I "
1

Fig. 3.16.6. Longitudinal section ofTurbenriet
showing stratigraphy and degree of decomposition of peats. The triangles and numbers
mark the drilling points (modified from
SCHNEEBELI 1991a).
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Vegetation

Vegetation in the areas where peat cutting or planting with prostrate Pinus
111l1g0 occurred differs markedly from the natural condition, which has been
largely stable for several centuries.
The heath bog (consisting of 4.4 ha or 31 % of the total bog area) and one
third of the spruce forest (1.3 ha or 9% of the total bog area) can be considered
to have developed as a consequence of drainage and peat cutting. These two
vegetation groups are dominated by Vaecinillm llliginosllm and Vaeeinillm
myrtilllls, and specifically in the heath bog, Sphagnum magellanicllm and
Molillia eaerulea. The heath also includes the afforestated surfaces that consist
of Pino mugo-Sphagnetum (OBERDORFER 1992). The remainder of the spruce
forest (2.5 ha or 17% of the total bog area) stands on well-drained peat soils
along the deep ditches or on mineral soil at the periphery of the bog.
The Sphagnetum magellanici (OBERDORFER 1992) occurs mainly in the
middle part of the Gamperfin bog and has survived despite the afforestation
attempt. Pil111S I7lllg0 were planted more than 70 years ago. Of the trees that
survived, none are taller than 1 m. Red bog moss (Sphagnum magellanieul7l),
Sphagnum angustifolium,hare's-tail cottongrass (Eriophorul7l vaginatlll7l) , bog
rosemary (Andromeda po lifolia) ,cranberry (Vaecinillm oxycoeeos) and bottle
sedge (Cm'ex roslrata) are the most abundant species. Of these, Andromeda
polifolia is the only bog species declared vulnerable by the Red List of Swiss
endangered phanerogams (LANDOLT 1991). In the southern part, a slightly drier
type of vegetation with more Pinlls mllgo is found (a total of 2.7 ha or 18% of
the total bog area).
The fen vegetation (3.5 ha or24 % of the total bog area) covers large surfaces
in the northern part of the bog and is strongly influenced by runoff mineral soil
water where it belongs to the Caricetum davalliana sub-association with Scirplls
cespitoslIs (OBERDORFER 1992). Most of it is cut in autumn for litter harvesting.
In the north-eastern part of the mire in the transitional zone between fen and
bog, an association depending on less basic conditions can be found: ParnassioCaricetum fuscae (OBERDORFER 1992) with strong stands of Carex echinata. The
community is dominated by Molinia eaerulea and other species which are
typical offen or bog vegetation. It grows on mineral soil as well as on the drained
bog, except on moist and very acidic hummock locations. The community is
therefore spread out over the whole mire area.
An additional plant community bears the characteristic features of a
transitional mire. It is located at the periphery of the undrained bog and in other
locations where the conditions are again favourable for bog development.

Flora

A unique and special floristicfeature of the Gamperfin bog is Salix myrtilloides:
it is found here at the most western edge of its occurrence (OBERLI 1981) and is
the only site in Switzerland.
The sloping fens of Grabserberg contain alliances from Caricion davallianae,
Caricion fuscae and Calthion or Filipendulion (OBERDORFER 1990). The occurrence of Iris sibiriea and Carex dioica, two vulnerable species in Switzerland
(LANDoLT 1991), is particularly noteworthy.

Fauna

The Gamperfin bog is important because of its small populations of black
grouse (Lyrurlls tetrix) , capercaillie (Tetrao urogallus) and hazel hen (Tetrastes
bonasia). Mire-dependent forests on a pronounced minor relief form the
preferred habitat of these shy and sensitive birds. The Gamperfin bog area is an
important wildlife corridor for the larger populations west, north and east of it.
In the same area, the three-toed woodpecker (Picoides tridaetylus) can be found
and often, in tree-holes, pygmy owl (Glallcidiwl1 passerinum). An important
part of the central European populations of these two species is located in the
Swiss Alps.
In addition, typical bog fauna can be expected, especially the Alpine newt
(Tritztrlls a/pestris) and the common lizard (Laeerta vivipara). It is possible that
grass frog (Rana temporaria) and adder (Vipera berus) occur as well. This
poisonous snake lives in the wider region on south-orientated slopes and on alps
with dwarf shrub heath.
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3.16.6 Land use history and preservation management
Land use history ofTurbenriet can be divided into different periods. Until about
1820, the development of the bog was largely untouched by man's influence;
there was perhaps some grass mowing or some tree felling. However, before
1850 the bog was systematically planted with more than 2,000 Pinus mugo trees
(SCHREIER 1993; cf. Fig. 3.16.1). In the very active period from 1860 to 1945, peat
was exploited repeatedly: 1860 to 1870, 1918, 1943 to 1945. Drainage also
occurred during the First and Second World Wars (the most important ditches
are illustrated in Fig. 3.16.3). Before World War One a plan had been drawn up
to drain the whole site at 5 m intervals. Fortunately, this plan was never carried
out. During the period from 1945 to 1980, the bog was left to itself. The most
recent period is marked by the beginning of regeneration attempts in order to
recreate the original bog community (Chapter 3.16.7).
According to the Federal Decree on Raised and Transitional Bogs of
National Importance, canton St. Gall has until the end of 1993 to protect and
preserve the Gamperfin bog and where possible to support rehabilitation
measures. In this case, as in most others, the water-table has to be raised to the
surface, necessitating the filling of drainage ditches and areas where the peat
was cut. The Pi/1lIS l1111go stand has to be thinned out in the undrained area.
Independent of these measures, the entire mire landscape and the adjacent fens
downhill from the Simmitobel, as well as the nutrient-poor meadows and
pastures, should not be subject to intensification of land use. Certain animals,
especially rare and endangered species, live in more than one particular habitat
and need such a network of different habitats. The protected bogs and fens must
be marked distinctly to avoid human disturbance or mire damage. The farmers
using the fens should be persuaded to participate in all preservation activities.

3.16.7 The rehabilitation of a bog
A necessary condition for the rehabilitation or regeneration of a disturbed bog
is the restoration of the original hydrological regime as much as possible. It is
therefore essential to have detailed information on the structure and form of the
impermeable layer, the peat body, the development history of the bog, the top
soil and the effects of the disturbance.
The extensive investigation of the Turbenriet-Gamperfin bog provides a
better understanding of the natural development of a sub-Alpine bog. This
study was based on soil physical and palynological data and the reaction of the
mires to different regeneration measures (SCHNEEBELI 1988, 1991a).
In order to bring the soil surface and the water-table to the same level and
promote the growth of typical bog sphagna, there are three general possibilities:
1 Let the natural processes work!
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The decomposition of the upper peat layers (acrotelm) leads to their subsidence
because of aerobic decomposition. The
peat is much more dense than
poorly decomposed peat, and it can become as impermeable as clay. If there is
not too much slope or direct drainage, two almost independent water-bodies
will be formed: one below the decomposed peat layer within the catotelm and
one in the near-surface layer. The upper water-body definitely benefits from the
growth of Sphagna. When the drainage is limited, the water-table is kept at the
surface and thus natural regeneration begins.
Stands of trees (Picea excelsior, Pinlls sp. and Betula sp.) may even accelerate
decomposition ofthe near-surface peat layer. The topsoil will be better aerated
due to increased evapotranspiration. With a higher or permanently high watertable the trees will drown. If they fall, they will open surfaces for the establishment of typical hollow vegetation.

2 Specific interference in the
original hydrology

In bogs with a slope of less than 1 %, the water-table can be raised by damming
the drainage ditches (DIERSSEN 1981). This measure is suitable for small and
shallow ditches (less than 1 m). The construction of the dam has to be simple and
durable (for some hundred years) because the sedimentation of peat is a very
slow process. The hydrology will be restored when the ditch is filled with new
peat which has reached the same density as the surrounding peat.
If the slope of the bog is more than 1 % (which is quite often the case for
Swiss peat bogs), the impact of the damming will be felt only a few metres
around the dam. Thus, only a very small effective area is created for the
colonization of Sphagna (SCHNEEBELI and PFEIFER 1983; SCHNEEBELl1991b). To
raise the water-table to the surface, the ditch has to be completely filled with
peat (Fig. 3.16.7). Filling should always start at the highest and central parts of
a bog and with the smaller ditches perpendicular to the slope. The main collector
ditches often run parallel to the slope and therefore play a smaller role in the
drainage. In addition, the penetration of oxygen into the banks of the ditches
leads to a hydraulic sealing between peat body and ditch. The water-table rises
just a few centimetres or decimetres behind the bank ofthe ditch and is scarcely
influenced a few metres away from the edge of the ditch.
With favourable climatic conditions and accurate planning and construction, a
successfully regenerated bog will result. This is a slow process and requires
patience. However, by filling ditches, the growth of a Sphagnum carpet is
encouraged.
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Fig. 3.16.7. How to rehabilitate a drained mire (modified from SCHNEEBELI and FLOHLER 1991):
1 Cleaning the ditch: plants, plant material and accumulated debris must be removed until the
original ditch (peat) surface is exposed. The sods with vegetation intact must be carefully cut off
the wall of the ditch to later serve as the surface of the filled ditch.
2 The ditch is filled with peat in successive layers each about 20 cm thick. These layers must be
pounded (compacted) until the peat reaches a pulpy consistency. The peat used should be taken
from a place where it will not destroy other important mire areas.
3 To prevent the erosion of the peat used to fill the ditches, the vegetation sods which had been
removed are now replanted at the surface of the filled ditch.

3 Lowering the bog surface by
cutting peat

Another possibility cannot be legally carried out in Switzerland. This involves
cutting peat at the surface along a large ditch and placing it in the ditch. This
would form a very flat hollow with the water-table near the surface. In ideal
cases, transitional mire vegetation would establish a short time after having
flattened the ditch. This work would probably have to be done with machines.
There are two disadvantages to this approach. First, an intact, undisturbed peat
surface has to be cut away. Second, the total disturbed peatland area will
increase in size considerably.
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