


















































PIRINEOS 147-148
Relationship of Models to Field Studies

Similar data are collected at all field sites. The field data provide essential
input information as well as verification potential for modelling. The rela-
tionship of these field activities to the modelling framework described is
indicated in Fig. 7. While the modelling achieves the linkages and integration
shown below, two additional areas of extremely relevant research must be
mentioned. Spatial models that are constructed together with remote sensing
activities offer considerable potential for extrapolation of the results, i.e., the
remotely sensed data should aid application of the models at additional
sites. The stepwise development of this research at multiple sites permits us
jointly to investigate extrapolation potentials. Additionally, the spatial
models are examined with respect to prediction of ecological risks. Risks due
to soil movement and avalanches (work package n°9) are related to topo-
graphy, soil properties, and vegetation. Spatial simulations of the dynamics
of ecosystem water balance are studied with respect to these potential risks.
The causes of risk are complex and best examined with multi-dimensional
modelling techniques.
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Figure 7. Relationship of Models to the Field Studies (numbers indicate the work packages).
Relaciones entre modelos y estudios de campo (los niimeros indican grupos de tareas). -
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5. First results of ecomont
Vegetation and land-use change

In the ECOMONT research areas in the Eastern Alps, the Pyrenees and
the Scottish Highlands characteristic patterns of vegetation change following
changes in land-use can be observed. While there is the general trend in the
Eastern Alps, the Pyrenees and the Scottish Highlands that upon abandon-
ment of management open grassland changes to dwarf shrub communities
and to woods, regional differences in specific patterns of vegetation change
can be observed, which are related to land-use history, geology, altitude,
exposure and geology. :

Fig. 8 (left) shows a typical example for the change of vegetation commu-
nities following land-use change in the Eastern Alps on silicate (composite
experimental site at Passeier Valley, 1600 - 2000 m a.s.1.). Up to the mid-seven-
ties the research area in the Passeier Valley was characterized by hay mea-
dows with a low degree of management. Since the construction of a forest
road 20 years ago some meadows have been used more intensively, while
others have been abandoned (50%) or transformed into pastures (15% of the
area). Increased fertilization and irrigation have transformed smaller parts of
the hay meadows to Trisetetum flavescentis. When the intensity of manage-
ment decreases the vegetation community of the hay meadows changes from
Festuca-Agrostietum to Hypochoero-Nardetum and Caricetunt sempervirentis.
Where meadows or pastures have been abandoned for more than five years
dwarf shrubs start dominating: the communities (Junipero-Arctostaphyletum,
Empetro-Vaccinietum). The climax vegetation of this successional sequence is

- a spruce forest (Homogyno-Piceetunt).

A typical example of the change of vegetation communities following
land use change in the Eastern Alps on limestone is shown in Fig. 8 (right)
(composite experimental site at Stubai Valley, 1600-2000 m a.s.L). In the rese-
arch area in the Stubai Valley more intensively used meadows (Geranio sylva-
tici-Trisetetumr) are cut once a year, fertilized and grazed later in summer. In
meadows mowed only every two years Nardus stricta and dwarf shrubs get
.established (Sieversio-Nardetum strictae). Pastures on limestone belong to the
association of Seslerio-Caricetum sempervirentis. Where trampling impact due
to higher grazing pressure from cattle increases an Alchemillo-Poetum deve-
lops. Resting places for animals are dominated by Rumex alpinus (Rumicetum
alpini). When abandoned meadows and pastures change to dwarf shrub com-
munities (Vaccinio-Callunetum). The climax vegetation on limestone is some-
times a Mugetum, in most cases however a subalpine spruce forest
(Homogyno-Piceetumn). f
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At the composite experimental site Monte Bondone, the southernmost
research area in the Eastern Alpine transect (geology: limestone), a major part
of the grassland belongs to the association Nardetum alpigenum, which is
observed on pastures and hay meadows with a low degree of management.
Where land-use is intensified pastures develop to Crepido-Cynosuretum, hay
meadows change to communities belonging to the Geranio sylvatici-Trisetetum
and the Arrhenateretum elatioris. When pastures and hay meadows are aban-
doned dwarf shrubs and young trees invade. The climax vegetation on
Monte Bondone is a beech forest (Dentario-Fagetum), which in a smaller area
has been transformed by forestry measures into a larch wood.

In the Spanish Pyrenees (Fig. 9) main land-use changes in the meadow-
land are the intensification in the meadows close to the villages and an initial
abandonment in the distant ones (CHOCARRO et al 1987). When intenisified
meadows are fertilized and irrigated, and according to the possibilities of
irrigation meadows are cut once or twice a year.The low accessibility of dis-
tant meadows to machines has often led to a shift in land-use from mowing
to grazing or abandonment. The heterogeneity of relief and vegetation in the
summer rangelands produces different intensities of the pastoral utilization
-according to the spatial accessibility, plant cover palatability, etc.- which in
turn produce changes in the structure and dynamics of plant communities
(Fig. 9) (ALDEZABAL et al. 1992). A time lag in plant phenological develop-
ment with increasing altitude permits the altitudinal transhumance of lives-
tock (GOMEZ and REMON 1990).

In the former domain of the subalpine forest, up to 2000 2200 m, mesop-
hilous pastures of Mesobromion erecti and Nardion strictae become dominant
(Fig. 9). These two kinds of pastures are the most important basis of livestock
utilization, and their structure and dynamics are closely related to human
management. When herbivore utilization increases, nitrophilous plant com-
munities such as Polygonion avicularis and Rumicion alpini can be found in salt
points and resting areas. When pastures are abandoned Brachypodium pinna-
tum colonizes quickly and later Juniperus communis and Pinus uncinata from
the climax stages of the vegetation succession in the subalpine belt.

In Scotland, vegetation within the natural forest zone is largely man
made, directly or indirectly. The principal management influences are gra-
zing, which is almost ubiquitous, and burning, which is less widespread, but
still extensively employed. These practices maintain most of the upland and
mountain parts of the country as non-woodland vegetation for use by gra-
zing animals (mainly sheep and red deer) and for cover for game birds
(mainly red grouse). On granitic soils fertility is low and there is little arable
agriculture, although some enclosed pastures may be cut for hay. Unenclosed
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Vegetation change on silicate
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Figure 8. Effects of land-use change on the vegetation composition in the Eastern Alps (left: on silicate composite experimental site at Passeier
Valley, 1600 - 2000 m a.s.L; right: composite experimental site at Stubai Valley, 1600-2000 m a.s.L.).
Efectos del cambio de uso de la tierra en la composicién de la vegetacion en los Alpes Orientales (a la izquierda: en el drea de investigacion

991

(c) Consejo Superior de Investigaciones Cientificas
Licencia Creative Commons 3.0 Espafia (by-nc)

Stubai, 1600-2000 m)

combinada, sobre sustrato siliceo en el valle de Passeier, 1600-2000 m; a la derecha: en el drea de investigaciéon combinada en el valle de

http://pirineos.revistas.csic.es



PIRINEOS 147-148

mountain and moorland vegetation subject to grazing may compromise pre-
dominantly acid grassland communities or predominantly dwarf shrub com-
munities, depending on the level of grazing (MILES 1988, WELCH 1995).
Burning is widely used to maintain the cover of dwarf shrub heaths (mamly“' bbbb
Calluna vulgaris heaths). Burning destroys the existing Calluna cover, but
regeneration takes place from basal shoot growth and from seedlings to
replace a closed canopy of Calluna in about 5 years. Initially though there is
usually a phase of transient Deschampsia flexuosa grassland, gradually repla-
ced by the new Calluna growth (Fig. 10). ‘

Where management is by grazing, increasing grazing intensity leads first
to a mosaic of acid Agrostis — Festuca ovina grassland and Calluna heath with
loss of the heath species at very high levels of grazing. When the cover of
grasses is complete reversion to heathland may be very protracted, even if
grazing levels drop substantially.The elimination or substantial reduction of
grazing of dwarf shrub heaths results in invasion by scrub and trees, mainly
of Pinus sylvestris, but sometimes also of Betula species. Betula woodland or
Betula-Pinus woodland normally leads to dominance by Pinus sylvestris,
which is probably the climax species (Fig. 10).

Soils and land-use éhange

The soil reacts considerably slowlier than the vegetation concerning land-
“use changes. Mostly it takes many decades until the various stages of the soil
development line have been shaped or reshaped again (KUBIENA 1986).
Investigations in the Eastern Alps have shown that reduced land-use causes
an accumulation of surface litter. This surface litter consists of increasing por-
tions of dwarf shrub and needle litter which are difficult to decompose,
because of higher contents of lignins, cellulose, and hemicellulose (GREEN et
al. 1993). As.a consequence trinomial O-horizons develop (moder-like mull to
raw humus), which are typical for dwarf shrub stands (Fig. 11). From these
O-horizons humic acids penetrate to the mineral soil and there they result in
a profile differentiation and in a great change of all physical and chemical soil
parameters (soil structure, storage capacity of the soil, soil acidity etc.). As a
consequence of this permanent acid influence the brown soils on silicate at
Kaserstattalm (Stubai Valley, Eastern Alps) show a continuing podzolization
process (clay mineral destruction and translocation of substances to the B-
horizon). Due to the penetration of strong humic acids into the topsoil it
becomes acidified, and the pH values decrease. The continuing acidification
of the topsoil causes developmental dynamics with the consequence of an
irreversible transformation of the soils. The mineral horizons become impo-
verished with humus and other important ion nutrients (nitrogen, phospho-
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Vegetation change in the central Spanish Pyrenees
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Figure 9. Effects of land-use change on the vegetation composition in the Central Spanish Pyrenees (800 - 2000 m a.s.1.).
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rus, potassium, exchangeable alkaline cation etc.). The accumulation of sur-
face litter that is difficult to decompose and the increasing acidification of the
topsoil result in a decrease both in the number and the activity of soil orga-
nisms, and the C/N ratios increase. The former crumb structure becomes
indistinct and begins to decompose to a coherent structure. Changes concer-
ning the soil structure, the pore space and the organic substance content also
bring along changes concerning the water storage and the ability of water
transport in the soil.

As soon as the woodland has established during the proceeding succes-
sion, weakly to strongly shaped podzolized moder to raw humus-like moder
brown soils can be found, as well as podzoles (iron- and iron humus podzol)
with weak raw humus layers (Fig. 11), which form the climax stages of the
soil development line. This process up to the podzol lasts, however, several
centuries (KUBIENA 1986). Podzoles below raw humus layers but also pod-
zolized moder brown soils below dwarf shrubs can only be reshaped with
greatest effort (soil ploughing, fertilization, etc.) into soils that are suitable for
an agricultural land-use.

Applied aspects

The first results of ECOMONT show that land-use changes cause charac-
teristic changes in the vegetation, the soil and related processes, which affect
biodiversity and may increase potential risk. A high degree of biodiversity
can be achieved when management is adapted to maintain lower levels of
plant available nutrients. An increase in management intensity, especially
when coupled to higher nutrient inputs into ecosystems, as well as complete
abandonment leads to a significant decrease in biodiversity. Abandonment
may increase potential risks by increasing the probability of snow gliding
avalanches, as well as erosion related to gliding snow. In addition, soil aggre-
gate stability in the upper soil decreases after abandonment, which may
result in a decrease of water storage capacity and potential infiltration.

These important aspects, as well as future results to be expected from
ECOMONT will allow for a more detailed assessment of ecosystem develop-
ment, biodiversity, potential risks and interlinkages between plant - ecosys-
tem and landscape level and should provide a scientific basis for application
towards developing concepts of sustainable land-use. '
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Vegetation change in the Scottish Highlands

[ PASTURE BURNING

i‘ Acid Agrostis capillaris- \[

-
H . Festuca ovina grassland |
] I | e e —
g, A | ! ]
& Deschampsia flexuosa s Calluna vulgaris |
g P grassland | heathland |
g I ] S— [ |
5 | Grassland-heathland [ T
i mosaics
& ;
= S
=
3 ‘
=
B \
) Calluna vulgaris |
! heathland | A
|
v

Betula spp. or
| Betula-Pinus sylvestris ‘ |
woodland -

=) |

Time since abandonment

—

|

. . |
Pinus sylvestris woodland |
i

Figure 10. Effects of land-use change on the vegetation composition in the Scottish Highlands.
Efectos de los cambios del uso de la tierra en la composicion de la vegetacion en los Highlands
de Escocia.
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Figure 11. Effects of land-use change on the soil in the Eastern Alps (example of composite expe-
rimental site at Stubai Valley, 1600-2000 m a.s.1.).
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