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Abstract

Swiss Federal law protects all natural processes occurring within the borders ofthe Swiss National 
Park (SNP). Natural wildland fires are counted among them and should not be extinct. Strict nature 
Conservation represents the top goal of the SNP (IUCN category I) and does not allow any 
mitigation measures being undertaken unless the park is put at risk in its very existence. However, 
for societal reasons all fires are put out at present regardless whether they are of natural or human 
origin. Ninety years of strict nature protection have triggered fuels to build up in the boreal type 
forests ofthe SNP reaching the point where natural fire cycles could come into play again.

With field-based fuel investigations and high-resolution Remote Sensing (i.e. LIDAR and Imaging 
Spectroscopy) we get a very good picture of the present forest and fuel structures, allowing us to 
predict potential fire behavior. On the other hand pollen and charcoal analysis show us that fire has 
been an important and regulär disturbance factor in the SNP area, shaping Vegetation succession 
long before men became a dominant factor in this remote landscape. All these elements are input 
to the fire management policy ofthe Swiss National Park.

Introduction and Motivation

The leasing contracts between the Swiss National Park and the land owning communities specify 
that the SNP is liable for damages emerging from within its borders. Therefore, all fires are extinct 
at present regardless whether they are of natural or human origin. After ninety years of strict 
nature protection - meaning no management measures whatsoever - the question arises whether 
or not fuels are building up in the boreal type forests ofthe SNP reaching the point where natural 
fire cycles could come into play again and what to do from a managerial point of view?

The goal of this long-term study is to develop fire management strategies that integrate ecological 
and societal demands alike and thus have a chance to be accepted by the local population and 
authorities.

Material and Methods

Fire history and Vegetation conditions are part of the puzzle required for the elaboration of a 
Wildland Fire Management Plan (FMP) that meets the requirements of a nature Conservation area 
such as the Swiss National Park. However, it is not the goal of this paper to give a detailed 
description of how a complete FMP is developed, yet to give details on a future FMP for the Swiss 
National Park.

Study Area fSwiss National Park)

The Swiss National Park is situated in the Southeast of Switzerland in the midst of the Engadine 
Valley, one of the top tourist destinations of the Canton of Grison. Rugged topography, Dolomite 
limestone and little precipitation (900 mm per year) create harsh environmental conditions. Forests 
cover one third of the Swiss National Park. Before the foundation of the SNP in 1914 these forests 
were heavily logged and livestock grazing was going on (Paro lin i 1999).
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Fuel Assessment

Specific SNP fuel models were established in former investigations (A llgöw er et al. 1998) and 
introduced to GIS-based fire propagation modeling.

In 2002 a high resolution remote sensing campaign took place where the Ofenpass area was 
investigated with a LIDAR sensor (Falcon II by Toposys, Ravensburg, Germany) as well as two 
Imaging Spectroscopy sensors (DAIS and ROSIS by DLR, Germany. Both flight and ground truth 
campaigns are described in detail by M orsdo rf et al. (2004) and Koetz et al. (2004)

Long-term Fire History
Little is known on the long-term fire history of the Swiss National Park. Unfortunately natural 
archives such as mires are very rare in that area. Nevertheless it was possible to core one mire 
south of II Fuorn (central Ofenpass) and to perform pollen, plant macrofossils, microscopic and 
macroscopic charcoal analysis. A detailed description of our Holocene fire history investigations can 
be found in S täh li et al. (subm.).

Results

Fuel Models and Fuel Build-up

Former studies produced three fuel models (A, B, and C) for the Swiss National Park (A llgöw er et 
al. 1998). Species names follow the nomenclature of the Flora Helvetica by Lauber and Wagner 
(1996).

Model A is an assemblage of mixed conifers, namely Larix decidua, Pinus sylvestris L., Pinus mugo 
ssp. uncinata, Picea abies, and Pinus cembra. This Vegetation set-up is typical for N, NW and NE 
oriented slopes. The understorey is formed by Erica carnea L., Rhododendron L. hirsutum L., and 
Rhododendron ferrugineum L. as well as various Gramineae and Cyperaceae associations. Fuel 
loads are low to medium. Fire behavior is expected to be of low to medium intensity. However, 
some stands could easily develop intense fire behavior as they are rieh in vertical fuels consisting 
of lichens and low reaching branches.

Model B consists of Mountain Pine Pinus mugo ssp. uncinata mainly and is typical for the S, SW and 
SE facing slopes. The understorey is formed of dense Erica carnea L. 'carpets' that would maintain 
a low intensity surface fire. Depending on the amount of fine dead fuels and the distribution of 
vertical fuels fire behavior is expected to vary from medium to severe. In general surface fires are 
expected to develop into crown fires easily wherever vertical fuels, especially low reaching 
branches allow for torching.

In Model C the 'dwarfed Mountain Pine' (German Legföhre) Pinus mugo ssp. mugo is the dominant 
tree species. Fuel loads are high and fire behavior is expected to be severe. This Pinus Variation 
forms a brush like, very dense Vegetation cover that grows to an average height of 2 to 3, seldom 
5 meters; it is typical for avalanche shoots and other disturbance areas. The understorey often 
contains dense Erica carnea L. 'carpets' but may also consist of gravel which then reduces fire 
potential considerably.

The LIDAR investigation provided very good data on the vertical and horizontal distribution of the 
fuels as single tree geometry can be derived, in particular tree height, crown base height, crown 
diameter and from that fractional cover. The main output of the DAIS campaign are Leaf Area 
Index LAI (m2/m2), crown water content (g/m2), water equivalent water thickness (g/cm2), and 
live fuel moisture content (%). All results are described in detail in M orsdo rf et al. 2004 and Koetz 
et al. 2004.

Lona-term Fire Historv

Our pollen and charcoal analysis show that fire has been an important and regulär disturbance 
factor in the SNP area, shaping Vegetation succession long before men became a dominant factor 
in this remote landscape. The II Fuorn core allows us to study approximately 8000 years of 
landscape and Vegetation history. Thereafter we can distinguish two phases: a) 6000 BC to 0 and 
b) 0 and 2002 AC. Contradictory to all expectations the first phase is characterized by a rather high 
fire frequency - one event per approximately every 250 to 300 years, whereas fire cycles become 
almost twice as long during the second phase. During the investigated time period Pinus mugo ssp. 
uncinata has always been the dominant tree species and seemed to nicely intertwine with Picea 
abies which was present in higher concentrations than today. Herbs and Graminacea pollen do not 
vary significantly between the two phases; Cerealia pollen cannot be found at any time at the 
coring site of II Fuorn. This indicates that the Ofenpass was settled only late and for logging 
purposes mainly. This may also explain why fire cycles increased despite human presence. Logging 
and livestock activities kept fuel loads low and hence decreased fire ignition probability.
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Discussion and Outlook

Fire and Mountain Pine stands seem to go along fine - they even appear to promote each other! 
This comes as no surprise really as it is a well-known fact that many pine species and fire have a 
close relationship and depend on each other. Hence, given the fact that fuels are building up in the 
Swiss National Park it is maybe only a question of time until a natural fire regime will establish 
itself again. Future fire management that fully respects the park's goals and legislation needs to 
respect ecological and societal requirements alike and will have to balance them carefully. If the 
SNP succeeds to handle this challenge successfully, he will become a pioneer in dealing 
appropriately with (natural) fires in the Alps in the future. Based on the described results, previous 
analysis of the present fire Situation (Langhart et al. 1998) as well as fire risk analysis (Bärtsch 
1998) wildland fire management strategies are now being developed that seek to meet the 
requirements of the SNP and the surrounding areas. With that we hope to set the path for the 
successful and well-received 're-introduction' of a natural and moderate fire regime to the 
landscapes ofthe Swiss National Park.
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Abstract

The modification of high alpine environments due to climate warming was a topic of increasing 
importance of research in the 90 ' s of the last Century and is the main objective of research in 
recent years. Several disciplines use different techniques to draw a comprehensive picture of 
environmental dynamics. Terrestrial laser scanning is a quite new technique for monitoring glaciers 
and natural hazards. The ability to acquire high-resolution 3D data of surface structures makes 
long-range laser scanners a very interesting instrument for measuring geomorphodynamics. The 
Pasterze glacier in the Hohe Tauern National Park (Central Alps, Austria) is object of a 
comprehensive monitoring network beginning in 1879. Since the middle of the last decade the 
glacier retreat increases dramatically, as a consequence a massive modification of the proglacial 
areas is in progress. To quantify these landscape dynamics with an accurate resolution, terrestrial 
laser scanning has been used the last years beginning in 2001. In 2004 we started to increase the 
temporal resolution with two measurements in the summer period to get a better picture of the 
interannual ablation dynamics.

Keywords

Pasterze Glacier, Terrestrial laser scanning, Landscape modification, Climate change 

Introduction and objectives

The Pasterze G lacier (Glöckner Mountains, Central A lps) represents the longest glacier in the 
Eastern A lps and is located S o fth e  main crest o fth e  Hohe Tauern Range (12°44'E, 47°04'N). The 
g la c ie r 's  dimension changed from 1852 to 2002 as follows: length 11.4km to 8.4km (-26%) and 
area 26 .5km 2 to 18.5km 2 (-30%). First m easurem ents observing changes at the g lacier term inus 
were carried out by Ferdinand Seeland beginning in 1879 (Seeland 1880) leading to one of the 
longest records of annual m easurements in the Alps. Annual measurem ents are carried out in the 
last decades within the fram ework of g lacier m easurem ents coordinated by the Austrian Alpine 
Association (OeAV) which now include (a) location o f g lacier term inus, (b) surface velocity, and (c) 
surface elevation changes (e.g. W akonigg & Lieb 1996). The dram atic loss of ice in the last decades 
is documented in a comprehensive m odification of th is alpine environm ent which is furtherm ore 
made available for public in form o fth e  nature trail "G letscherlehrweg", new adapted and reopened 
in 2004 (L ieb & S lupetzky 2004). Quantification of these changes such as spatial measurements of 
glacier surface changes are a primary task in the last 20 years w ith new remote sensing techniques 
using photogram m etric analyses (e.g. Kaufmann & Ladstätter 2004), A irborne laserscanning (e.g. 
G eist et al. 2003) and radar-interferom etry (e.g. Kaufmann et al. 2005). This article discusses first 
results o f annual terrestrial laserscanning cam paigns beginning in 2001 within the monitoring of 
the g lacier tongue of the Pasterze. Th is monitoring network furtherm ore consists o f additional 
annual GPS m easurem ents of g lacier outline and profile points.

Methods

For the past few years, terrestrial 3D laser scanning (TLS) systems have been employed very 
successfully in the design and manufacturing industries as well as in industrial surveying (Pfe ifer et 
al. 2004). Further development in terms of measurement speed, accuracy, ränge, field-of-view, 
and data sampling rate allow TLS to be applied in terrain surveying (Bauer et al. 2001, 2004, and 
2005). The ability to acquire high-resolution 3D data of surface structures makes this technique a 
very interesting instrument for measuring glacier (Avian et al. 2005, Kellerer-P irk lbauer et al. 
2005) as well as rock glacier dynamics (Bauer et al. 2003, 2005). The integrated measurement
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system is capable of describing 3D motion and deformation of glacier surface within a single day's 
measurement campaign including logistics and evaluation. It is a time-of-flight system that 
measures the elapsed time of the pulse emitted by a photo-diode until it returns to the receiver 
optics. Maximum ränge depends on the reflectivity of surface (which is very good for snow and 
rock covered terrain), and atmospheric visibility (best for clear visibility, bad for haze and fog). A 
measuring ränge of up to 2000m allows hazardous sites to be easily measured from a safe 
distance. Since each single measurement consists of a multitude of laser-pulses, different 
measurement modes ("first pulse", "last pulse", "strongest pulse") give proper results even on bad 
weather conditions and surfaces that may otherwise lead to ambiguous measurements like 
vegetated, moist or roughly structured terrain.

Single time-of-flight measurements with distance accuracy of better than 5 cm are automatically 
combined to a measurement grid. Although the data generated by the measurement devices can in 
principle be directly used for measurement and further visualization, several methodological, 
technical, and logistic problems are to be encountered when establishing an integrated monitoring 
system. In case of the Pasterze area this method was selected due to several reasons and 
advantages: the steep terrain is unfavourable for airborne or satellite data resulting in a better 
resolution of terrestrial data, a perfect accessibility keeps costs low respectively.

For Scanner parameters and values of the used Instrumentation cf. T a b . l in Kellerer-P irklbauer et 
al. 2005 in this volume.

Fig. 1: Situation and scanning sectors (Image: Kellerer-Pirklbauer 2003)

Results

Mass losses and deglaciation were successfully measured five times resulting in four data-sets of 
surface elevation changing rates (xy-resolution Im, z-resolution 5cm). As expected from 
simultaneous tachymetric measurements all data sets show a clear trend in spatial distribution of 
glacier retreat. There is a significant distribution of mass loss from the SW to the NE which also 
increases towards the glacier terminus on the bare ice glacier part. Quantitative rates begin with 
about -2m/a on the right boundary increasing to ~-4.5m/a at the boundary of the two glacier 
parts. Here we can observe a clear leap in mass loss difference between the two obviously different 
glacier parts from ~-1.5m/a in the upper part to more than -3m/a in the lowest part where 
absolute rates of ~-7m/a occur. Debris cover with a thickness of at least 5cm is a significant 
protection against incoming short wave radiation (cf. Benn & Evans 1998, Nakawo et al. 2000, 
Kellerer-P irklbauer et al. 2005, in this volume) as well as less potential radiation in the summer 
period due to the shadowing effect ofthe adjacent Großglockner ridge may be a reason as well.

Near the left boundary of the entire glacier the ice body is beginning to collapse in several areas. 
The lowermost event is already visible in the last years with a dramatic landscape modification near 
the fenced off touristic area. Following the glacier upwards two further small basins are developing 
with a distance of 500m. The sinking ofthe surface occurs with rates of -7.5 to -8.Om/a in 2001/02 
and increased to -9.2 to -9.5m/a in 2003/04, 2.0 -2.5m/a above the sinking rates of the 
surrounding areas. The lower part of the adjacent slope facing to the "Gamsgrubenweg" is also 
getting increasingly unstable which is observable in mass losses already above dead ice. This part 
has not been measured consequently in the last years, no comparable rates are calculated.
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Fig. 2: Results of measurements of the periods 2002/03 and 2001/03

Discussion and Conclusion

The experimental setup at the Pasterze glacier turned out to be very economic in time and costs. 
The Scanner is installed at the Franz-Josefs-Höhe where an appropriate infrastructure in terms of 
accesibility, power supply, and safety is avaiblable. As a consequence only one person is needed to 
carry out the measurements within a single day campaign. This TLS measurement system provides 
nearly real time data for monitoring, whereas protected areas in very sensitive high alpine regions 
(e.g. National Park Hohe Tauern) and close to intensive tourist utilisation area are of special 
interest for research and public.

Results from the last five years lead to following future activities:

(1) Interannual measurements at at least three epochs (June, July, and September)

(2) Additional measurements in the upper part of the glacier tongue

(3) Scanning of special areas of interest with higher resolution (e.g. proglacial areas in the vicinity 
of hiking trails and tourist areas).

All these tasks will lead to new information about:

(1) Area w ide information on elevation Variation on the glacier tongue;

(2) Spatial surface velocity distribution;

(3) Analysis of different ablation rates (debris cover - bare ice).

Furthermore research activities and results have been made avaible for public in form of:

(1) Media

(2) Journal of Austrian Alpine Association (OeAV)

17



References

Avian M. & Bauer A., 2005. The use of long ränge laser scanners in terrestrial monitoring of glacier 
dynamics, Pasterze glacier (Hohe Tauern, Austria). Geophysical Research Abstracts, Vol. 7, 06779, 
European Geosciences Union General Assembly, Vienna, Austria. April 24-29, 2005.

Bauer A., Paar G. & Kaufmann V., 2003. Terrestrial laser scanning for rock glacier monitoring. Phillips 
M., Springman S.M., and Arenson L.U. (eds.) Proceedings of the 8th International Permafrost 
Conference, Zürich, p.55-60.

Bauer A., Paar G., 2004. Monitoring von Schneehöhen mittels terrestrischem Laserscanner zur 
Risikoanalyse von Lawinen. In Proc. o f the 14th Int. Course on Engineering Surveying. Zürich, 
Switzerland. March 15-19, 2004.

Bauer A., Paar G., Kaltenböck A., 2005. Mass Movement Monitoring Using Terrestrial Laser Scanner 
for Rock Fall Management. In Proc. of the First International Symposium on Geo-information for 
Disaster Management. Delft, The Netherlands. March 21-23, 2005.

Bauer A., Kellerer-P irklbauer A., Avian M. & Kaufmann V., 2005. Five years of monitoring the front 
slope of the highly active Hinteres Langtal rock glacier using terrestrial laser scanning: A case 
study in the Central Alps, Austria. Terra Nostra, 2nd European Conference on Permafrost, Potsdam, 
91.

Benn D.I. & Evans D.J.A, 1998. Glaciers and Glaciation. Arnold, London, 734p.

G eist, T h ., E. Lutz, J. Stötter , 2003. Airborne laser scanning technology and its potential for 
applications in glaciology. In: Proceedings of the ISPRS Workshop on 3-D reconstruction from 
airborne laserscanner and INSAR data, Dresden, pl01-106.

Kaufmann , V., K enyi, L.W. & Avian, M., 2005. Messung der Fließgeschwindigkeit von Gletschern 
mittels satellitengestützter Radar-Interferometrie in der Schobergruppe (Nationalpark Hohe 
Tauern, Kärnten). Endbericht zum Forschungsprojekt des Kärntner Nationalparkfonds, Institute of 
Remote Sensing and Photogrammetry, TU Graz, 59p.

Kaufmann V. & Ladstätter R., 2004. Documentation of the retreat of a small debris-covered cirque 
glacier Goessnitzkees, Austrian Alps by menas of terrestrial photogrammetry. Proceedings of the 
4th ICA Mountain Cartography Workshop, Vall de Nuria, Catalonia, Spain, 30th September - 2nd 
October 2004.

Kellerer-P irk lbauer A., Bauer A. & Proske H., 2005. Terrestria l laser scanning for glacier monitoring: 
G laciation changes of the Gößnitzkees glacier (Schober group, Austria) between 2000 and 2004. 
Third Sym posion of the Hohe Tauern National Park for Research in Protected Areas. Kaprun, 
Austria. Septem ber 15-17, 2005.

Lieb, G. K., & S lupetzky, H., 2004: Gletscherweg Pasterze. - Naturkundlicher Führer zum 
Nationalpark Hohe Tauern, Bd. 2, Innsbruck, 122p.

Nakawo M., Raymond C.F. & Fountain A. (eds.), 2000. Debris-covered glaciers: Proceedings of the 
international workshop held at the University Of Washington at Saettle, Washington, USA, 13-15 
September 2000, IAHS publication, 288p.

Pfeifer N. & Lichti D., 2004. Terrestrial Laser Scanning: Developments, Applications and Challenges. 
GIM International, December 2004, p.50-53.

Seeland, F. (1880). Studien am Pasterzengletscher. - Z. d D.u.Ö.A.V. 11, p.205-208.

Wakonigg H., & Lieb G.K. (1996). Die Pasterze und ihre Erforschung im Rahmen der 
Gletschermessungen. - Kärntner Nationalparkschriften 8, Großkirchheim, p.99-115.

Contact

Mag. Michael Avian 
m avian(a)vahoo.com

Institute of Remote Sensing and Digital Photogrammetry
Graz University of Technology
Steyrergasse 30
A 8010 Graz
Austria

18



Conference Volume
3rd Symposion ofthe Hohe Tauern National Park 

for Research in Protected Areas page 19
September 15th to 17th, 2005, Castle of Kaprun

Ernas application in the Euganean Thermal Basin

Silvio Bartolomei (1), Antonio Scipioni (2), Ambra Morelli (2), Filippo Zuliani (2)

(1) Parco Regionale dei Colli Euganei
(2) Centro Studi Qualitä Ambiente, Universitä degli Studi di Padova

The EMAS project was started at the beginning of 2003 as an initiative of the Euganean Hills 
Regional Park with the joint signing of a Commitment Protocol by the Euganean Hills Regional Park, 
as the activities coordinator and promoter, five municipalities in the Euganean Thermal Area 
(Abano Terme, Battaglia Terme, Galzignano Terme, Montegrotto Terme and Teolo), the Province of 
Padua, the Regional Agency for Environment Prevention and Protection (ARPAV) and the Regional 
Agency for Agricultural, Forestry and Food Sectors (Veneto Agricoltura). It represents an 
implementation of the requirements stipulated in European Regulation No. 761/2001 - EMAS (Eco 
Management and Audit Scheme).

The main objective is to implement five Environmental Management Systems in the five 
municipalities concerned, which are to adopt an Environmental Policy of observing legal 
prescriptions, commit themselves to introducing measures for the concrete and continuous 
improvement of environmental performance and put into effect transparent communication with 
stakeholders.

The first phase of the project provides for the Initial Environmental Analysis study applied to the 
five municipalities, identifying direct and indirect environmental aspects relating to municipal 
activities and evaluating their effects as potential impacts on the environment, checking 
environmental legislative conformity with the aim of precisely identifying the responsibilities and 
methods necessary to ensure conformity with the law.

The second phase of the project, which is based on the Initial Environmental Analysis results and 
on the Strategie content of the Environmental Policy, provides for the organization and the 
implementation of five Environmental Systems, the definition of methods and responsibilities for 
managing activities relating to environmental aspects and the setting of specific indicators for 
monitoring environmental performance as it relates to municipal structures and to the territory, 
with the object of providing a complete picture in order to support decision-making and specific 
active programmes of action aimed at environmental protection and Conservation.

The third project phase is intended to improve stakeholders' awareness through the circulation of 
the document called "Environmental Declaration". In fact, as the EMAS Regulation requires, the 
municipalities must guarantee to provide public information on their Environmental Policy, on 
environmental objectives and targets fixed in advance and on their own environmental impact and 
performance, by means of the periodic publication and distribution of a checked and validated 
document.

The environmental improvement finds its highest expression in the research into even more 
ambitious environmental objectives and in a commitment to the improvement of the territory's 
careful management which is why the project agreement has, as its ultimate aim, not only the 
achievement of EMAS registration of the 5 municipalities but also the growth of environmental 
awareness in the municipalities and the extension of the stakeholders' active involvement to 
encompass the entire territory.
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Abstract

Besides its importance for nature Conservation as the largest protection area of the Alps and for 
scientific research, the Nationalpark Hohe Tauern (NPHT) represents a major tourist attraction in 
the central part of the Eastern Alps. Mountaineering in many forms, especially high alpinism has a 
long tradition in the region. Several economic branches (e.g. hiking tourism) depend on tourism. 
Studies from Switzerland show that climate change and subsequent effects (e.g. glacier and 
permafrost retreat) can have a considerable impact on those and related alpinistic fields. The 
results of such studies do of course depend on the region. Therefore the recent climate change and 
the glacier retreat in the Glocknergruppe/Goldberggruppe in the NPHT have been examined. 
Furthermore an opinion poll has been undertaken, addressing mountain guides, mountain huts and 
alpine clubs, regarding their perception of and reaction to climate change. The compiled results of a 
sample of more than 100 participants show that most of the respondents are concerned over the 
issue of climate change. Besides new information on impacts on certain routes and huts, there is 
common sense in each focus group that an adaptation of current strategies is already in progress 
or will be necessary in the future. Problems resulting from permafrost retreat or from changed 
water supply may lead to substantial financial issues for singulär huts and also for maintenance of 
routes, especially in an area of conflict with strict regulations in protected areas.
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Area

The area of investigation was defined as the Goldberg-, Granatspitz-, Schober- and Glocknergruppe 
(see figure 1), regions famous for its mountaineering facilities. It covers an area of approximately 
1370 km2 lying predominantly within the Nationalpark Hohe Tauern (NPHT). The highest elevations 
in both regions are Hocharn (3254 m) and the highest peak of Austria, the Großglockner (3798 m). 
Approximately 75% of the area is situated between 2000m and 3000m a.s.l. The Pasterze, 
Austria's largest glacier, is one out of many glaciers in the area.

Tourism has a long tradition in the region not only as downhill skiing, cross country skiing and 
mountaineering but also in its more extreme variants of alpinism like ice/rock climbing. All these 
activities are supported by a dense infrastructure provided by the alpine mountaineering clubs, 
private owners and public authorities. More than 30 mountain huts and more than 1.100 km of 
trails are found in the area. The economic value of alpinistic infrastructure of Alpine 
mountaineering clubs is huge not only for mountain huts, mountain guides etc. but also in general 
for Alpine tourism.

Climate / Glacier change

A climate observatory has been built at the summit of Sonnblick more than 100 years ago. Since 
then, continuous monitoring of climate is available. Within the last decades, many more scientific 
programmes have been established at the observatory. These data sets allow a very detailed 
analysis of climate change and glacier retreat in this area.

Figure 2 shows the temperature increase since the end of the Little Ice Age. The average annual 
temperature has risen by 2°C since 1890. A strong increase can be observed since the mid 
1980ies.
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Fig. 1: Area of investigation

SONNBLICK: AVERAGE TEM PERATURE 1887-2000

Fig. 2: Average temperature recorded on the Sonnblick observatory (3106 m a.s.l) since 1887. The violet curve 
shows the smoothed average (low pass filter of 30 years).

Figure 3a and 3b show the cumulated length measurements of individual glaciers since the 
beginning of their observation. More or less all glaciers have been retreating in the last decennium.
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Cumulative length changes of glaciers in the Glocknergruppe
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Fig. 3a and 3b: Cumulative length changes of glaciers in the Glocknergruppe (a) and Goldberggruppe (b) since 
the beginning of measurements.

Glacier behaviour is better indicated by mass balance than by length measurements. These 
observations correlate well with climate data (Schoener et al. 2000). Periods of mass loss are 
mainly caused by increased summer temperatures whereas periods of mass gain are more related 
to winter snow fall.

Besides glacier retreat, permafrost melt is a serious problem in high elevated regions (e.g. 
Sonnblick Observatory), but is yet not enough investigated. A higher risk of rockfall and damages 
of infrastructure are examples for first impacts of the decreasing permafrost.

Opinion poll

An opinion undertaken among swiss mountain guides (Schwoerer 1997) shows possible impacts of 
climate change and subsequent effects (e.g. glacier retreat, increased rock fall due to permafrost 
melt) on their profession. Inspired by this study and the poor general knowledge of impacts of 
climate change on alpinism in the region, an anonymous opinion poll in the Glöckner- and 
Goldberggruppe was performed. Three focus groups were identified: Hut owners, mountain guides, 
persons in Charge of hiking trails.
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The main goals of the survey were:

♦ To examine the perception of and the reaction to climate change in the region
♦ To analyse possible changes in the behaviour of local people
♦ The identification of heavily effected localities (huts, paths and routes)
♦ The estimation of additional costs induced by climate change impacts (conservation of paths, 

maintenance of huts)

First Results

The survey was supported by relevant alpine mountaineering clubs in Austria (Oesterreichischer 
Alpenverein, Naturfreunde Österreich, Österreichischer Touristenklub, Deutscher Alpenverein) and 
the NPHT itself. Partly thanks to this, a very high participation in the opinion poll was achieved. 114 
out of 266 questionnaires were returned, despite that not all of the recipients were affected or
based in the region. This shows an enormous interest in the topic. The questionnaire was split in a
general part (identical for all three focus groups) and a specific part for each focus group. In detail,
32 hut owners/tenants, 68 mountain guides and 14 persons in Charge of hiking trails sent the
questionnaire back. Some ofthe main results are:

♦ Climate change is perceived by different factors (e.g. raising temperature), a huge ränge of
changes in the environment is observed (e.g. retreat of glaciers).

♦ Most of the participants see direct effects on their profession or activities due to climate change 
and react accordingly.

♦ A clear indication that the behaviour of visitors is changing as a result of climate change.
♦ Rock fall due to permafrost melt is increasing.
♦ The impact is not evenly distributed: Most huts are not seriously affected, but a few will

encounter problems. The same accounts for the conservation of paths and climbing routes.

Discussion and outlook

The results show that climate change has considerable effects on alpinism in the region. Especially 
for Alpine clubs climate change will have big impacts for maintaining huts and hiking trails. In 
future, their financial demands will increase significantly. Furthermore their expertise on this topic 
will be sought increasingly. The aspect of safety is also a concern (e.g. dismissing certain paths 
because of increased rock fall) getting more and more important. Adaptation strategies will be 
necessary in the future. This is already happening on a "personal" scale. According to the results of 
the survey, mountain guides are aware of a higher risk due to increased rock fall and avoid certain 
routes. This awareness will have to be also transferred to non-professional hikers. However, issues 
like stated above are still waiting for answers.
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Abstract

In the last years different research groups emphasized the importance of wind-induced snow 
transport on the variability of the snow cover. Knowledge about the causing processes saltation is 
important for determining the temporal dynamics of the snowmelt runoff. Furthermore interception 
losses induced by snow transport can have reasonable effects on the water balance. In addition 
wind induced snow transport can lead to a reasonable avalanche risk in deposition areas.

For accurate modelling of the snow pack preferably good climatologic parameters are alienable. 
There are two major factors which influence the quality of these input data a) the closeness and 
the temporal resolution ofthe meteorological network and b) the suitability ofthe parameters to be 
interpolated over a given area. It is a known problem that in high-alpine terrain wind fields can not 
be provided by a simple interpolation of Station recordings. Therefore we use a modified version of 
the PSU/NCAR Mesoscale Model MM5 with a multiple nesting approach to derive wind fields for a 24 
x 19 km area at a target resolution of 200 m. The wind fields are validated by Station data. In a 
last step the modelled wind fields are used as an input for a snow model bond (PROMET and 
SNOWTRAN3D). The modelled snow cover will then be compared with measurements made in the 
National Park of Berchtesgaden and with remotely sensed data.
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Project aims

The superior goal of the project is to investigate how snow transport processes influence the 
hydrology of alpine catchments. All processes which are relevant for the description of a snow 
cover shall be assimilated into a model assembly. For doing so we use different approved model 
schemes like MM5, PROMET and SNOWTRAN3D.

Study area

The test sites are located within the National Park of Berchtesgaden. Founded in 1978 the park is 
the only one in Germany providing high alpine terrain. A benefit of the park is the dense met- 
stations network which is owned by the Lawinenwarndienst Bayern (LWD, the Bavarian avalanche 
forecasting Service), and by the National Park. Special attention is given to the areas around the 
meteorological stations of Kühroint and Reiteralm. Kühroint is located near the centre of the 
national park (4572386E, 5270606N) at an elevation of 1416 m a.s.l and was installed in winter 
2004/2005. Reiteralm is located in the north Western part ofthe biosphere reservation (4560495E, 
5279439N). This site contains three stations which were installed by the avalanche forecasting 
Service of Bavaria especially for reconstructing blowing snow events. The stations lie between 1615 
and 1755 m a.s.l. Stations at both sites measure wind speed, wind direction, air temperature, 
humidity, snow surface temperature, snow height and the snow temperature in four depths. 
Kühroint also provides a snow pillow which enables us to measure the snow water equivalent.

Method

Caused by the fact that MM5 would be to slow for being an operational part of our modelling 
network we run it separately. So as a preparatory work we made statistical studies of historical 
DWD (German weather Service) Local Model reanalysis data for the Alpine region. By doing so we 
were able to figure out the most relevant synoptic situations. For these situations we run MM5 in 
order to derive wind speed and direction for each raster element. For the intended snow modelling
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a library o f wind fields was com posed on a LINUX duste r Computer resulting in 226 data files.

The criteria for the extraction of the wind field to be used for the current snow-model time step are 
mean wind speed and direction in the 700 hPa level derived from DWD (German Weather Service) 
Local Model data. This data comes with a / has a temporal resolution of one hour and is then 
compared to the corresponding mean wind speed and direction of the appropriate MM5 nesting 
area. From this comparison we can decide which library file represents the best fit. Verification is 
conducted by comparison of historical Station measurements with corresponding downscaled 
Simulation results.

Results

It could be shown that MM5 can reproduce the wind speed on a daily basis very well. Here we 
found a coefficient of determination of 0.7 between Station data and simulated wind fields for the 
years 2000 2003. On an hourly basis the coefficient is decreasing to a value of 0.5 for the same
period. We have also seen that we are underestimating the wind directions. Our values are about 
40-50 degrees lower than the values at the Station but the time-dependence is pretty good.

Discussion

The presented scheme shows that available mesoscale atmospheric models can be effectively used 
to provide valuable wind fields even in areas of a larger scale. So one can provide wind speed and 
direction for a variety of applications such as the modelling of snow transport processes. The 
application of the wind fields as an input for our snow model will be the next work package. Final ly 
one can say that the National Park provides ideal conditions for such a work. The dense network of 
meteorological stations allows us to find a better understanding of the meteorological processes 
within alpine terrain. Another advantage are the constant boundary conditions within the park. 
These constancy makes the data and results comparable over several years.
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Abstract

"Cogeva-Vahsa" Interreg IIIA, a project which involves Italian and French protected areas 
management subjects (Mont Avic Natural Park; Regione Autonoma Valle d'Aosta; ASTERS), is 
focused on different scientific research activities and on the communication of their results to 
general public.

The recent Mont Avic Natural Park widening gives the needing of a revision of its management plan 
articulated on three actions. The first action outlines the development of research activities to get a 
capillary knowledge of both environmental and anthropogenic issues of the park, allowing a 
homogeneous distribution of information between the old and the new park areas.

In 2003, from the Environmental Management System (Regulation EC 761/2001, ISO 14001 
Standard) raised the individuation of the most important environmental themes in terms of nature 
conservation. Because of the needing to preserve such themes, the second action involves the 
implementation of monitoring activities mainly linked to biodiversity conservation and water 
management strategies.

The third action concerns public communication of the results coming from these activities in 
different ways, depending on target categories.

Keywords
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Project's aim and duration

In 2004 the Mont Avic Natural Park - with the cooperation of the Aosta Valley Autonomous Region 
(Italy) and the association ASTERS (France) - started a three-year project within the framework of 
the Interreg IIIA Alcotra Programme, aimed at the integration, management and enhancement of 
the protected areas in the High Savoy and Aosta Valley territories. The project actions involve the 
drafting of management plans, the launch of multiannual monitoring activities aimed at the 
protection of biodiversity, and the creation of tools for the spreading of the results achieved. The 
project core scientific activities are accompanied by several communication initiatives targeted at 
the general public, schools and all those who are interested in environmental sciences.

Area of study

The project activities cover nine natural reserves located in the High Savoy area, the Natura 2000 
sites on the Italian side of Mont Blanc and the Mont Avic Natural Park. In this document, we will 
describe the actions concerning the Mont Avic protected area, which covers 5747 hectars in the 
Champdepraz and Champorcher valleys (Aosta Valley, Northwestern Italy). The altitude ofthe area 
ranges from 1000 m a.s.l in Boden to 3185 m a.s.l on Mont Glacier. The most representative 
substrates are ophiolites and lime schists, which produce extremely varied and unusual 
environmental situations at Alpine level. The morphology ofthe orography, characterised by valleys 
Stretching from East to West, is the result of the combined erosive and cumulative action of water 
streams and glaciers. The forest surface, dominated by the Mountain Pine, covers over 2000 
hectars in the Champdepraz area, while it is virtually non-existent in the Champorcher high valley. 
The area includes over 40 Standing water bodies and several peat-bogs.
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The project structure

The following actions are currently under way (some of them will be later described in further 
detail):

♦ Review and update ofthe Territorial Management Plan prescribed by existing regulations.

♦ Multiannual environmental monitoring, accompanied by the launch of studies on air and water 
quality, fauna and liehen flora, carried out in sample areas.

♦ Creation of suitable communication tools to:

-  disseminate the results of in-situ research,

-  describe the specific features of Mont Avic,

♦ compare the actions implemented by the three project partners (Website, publications, 
illustrated panels).

♦ Launch of a twinning protocol and constant exchange of information among the protected areas 
in the Aosta Valley and High Savoy territories.

Fig. 1

The Territorial Management Plan

In 1994, the first Territorial Management Plan for the Mont Avic Natural Park was approved. After 
the park territorial expansion in 2003 - the protected area almost doubled in size - and given the 
significant changes in the regional, national and international legal framework since that first text, 
a thorough review of the document has been deemed necessary. An accurate data gathering has 
therefore been started, aimed at:

♦ Ensuring in-depth knowledge of both the park valleys.

♦ Identifying the environmental critical aspects and emergencies which need safeguarding and 
enhancing.

♦ Allowing the drafting of management rules that can be easily understood by the public and by 
local residents.

In order to review the Territorial Management Plan, in compliance with the national guidelines 
issued by the Italian Ministry for the Environment, the following studies will be carried out:

♦ Synopsis ofthe existing climatological and geological knowledge.

♦ Pedological characterisation and cartography of soilscapes. Although often overlooked, the study 
of soils gives precious indications for the interpretation and the safeguard of mountain 
environments. The research will include the execution of several profiles, the chemical and 
physical analysis of humuses and the creation of related cartographic representations.
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♦ Completion of the inventory of water bodies and gathering of chemical-physical and flow rate 
data.

♦ Study of the ichthyofauna and benthonic macrofauna in some water streams. The Mont Avic 
Natural Park includes several types of water bodies concerned by the monitoring activities. The 
fish populations of the two main streams (Chalamy and Ayasse) are investigated using 
electrofishing equipment to obtain biodiversity, structural and functional information. At the 
same time, the river macrobenthos is sampled using semi-quantitative protocols to obtain 
useful taxonomic data for the evaluation of current and potential impacts caused by water 
catchments and discharges.

♦ Study of rock and soil liehen flora, brioflora and vascular flora in the area included in the park 
after its recent expansion.

♦ Study of entomological fauna and molluscs. Some groups of particularly interesting insects have
been selected for the characterisation of open and semi-open environments, such as
lepidoptera, orthoptera, coprophagic coleoptera and carabidae. So far, molluscs have been
virtually ignored by researchers working in the area.

♦ Systematic gathering of observations on vertebrated animals in the Champorcher valley, and 
update of the database managed by the park staff since 1991, which currently contains more 
than 25.000 records.

♦ Inventory ofthe mountain pastures in the protected areas and nearby territories.

♦ Gathering of data on socio-economic issues, with the creation of sector archives and
cartographic documents.

All georeferenced data will be gradually integrated in the Geographical Information System (ESRI
Are View 8.1) of the Park in order to optimise its management and update, and to facilitate its use
through query functions.

Fig. 2

The environmental monitoring
Several monitoring campaigns have been launched. In the longer term, these will continue to be 
carried out on a regulär basis with the aim of following the development of the habitats mentioned 
by the European directive 92/43 and of species of high conservation interest. In addition to the 
investigations on the impact of ozone and atmospheric depositions on Vegetation, described in a 
separate document, the action includes the following reasearch areas:

♦ Water quality. The impact of the discharges of two tourist huts on streams is evaluated through 
a seasonal check based on chemical, physical and microbiological parameters (temperature, pH, 
nitrites, nitrates, total phosphorus, COD, surface-active agents, hydrocarbons, fatty oils, E.coli 
and Enterococcus). Peat-bogs are very common in the park and some of them are affected by 
the presence of livestock, which might influence the hydrochemical balances. Seasonal water 
samples are collected to evaluate the impact of such presence on the chemical forms of main 
nutrients (N and P).
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♦ Biomonitoring of lichens. A screening of liehen biodiversity (LB) in the forest area of
Champdepraz is currently being carried out. This is integrated by surveys carried out according 
to the ICP/Conecofor guidelines and by the analysis of liehen individuals in permanent squares.

♦ Ornithological investigations. Birds, safeguarded by the European directive 79/409, are
considered as good indicators of environmental changes. The action aims at setting up a system 
for the monitoring of interesting species from a management point of view. For such species, 
the park staff should be able to gather qualitative and quantitative data. In the Mont Avic area, 
the following species have already been identified for such monitoring activity:

diurnal birds of prey (Honey Buzzard, Goshawk, Sparrowawk, Common Buzzard, Golden 
Eagle, Short-toed Eagle, Peregrine, Kestrel)
Corvidae (Alpine Chough, Chough, Raven)
Galliformes (Rock Ptarmigan, Black Grouse, Rock Partridge)
woodpeckers (Green Woodpecker, Black Woodpecker, Great Spotted Woodpecker).

♦ Entomological investigations. In the past few decades, the open environments in the hill,
mountain and subalpine areas in the Champdepraz valley have been constantly contracting due
to the reduction of traditional rural activities. In order to evaluate the consequences of such 
transformation in terms of biodiversity loss, studies are being carried out on groups of insects 
with different diffusion patterns. Some live predominantly in the grassland areas, others in 
ecotones or in forested areas (orthoptera, lepidoptera, carabid coleoptera, coprophagae, 
borers). The surveys are carried out in sample areas and along transects, both with traps and 
by direct observation. As of 2006, an investigation protocol will be defined and implemented on 
a multiannual basis.

Fig. 3

♦ Disturbance of sensitive mammal and bird species during winter. Some vertebrated animals, 
such as ungulates, game birds and - to a lesser extent - lagomorphs, can be negatively 
influenced by a strong anthropic presence in their wintering grounds, during a very sensitive 
stage in their biological cycle. In winter 2004-2005 a systematic gathering of observations was 
launched, aimed at:

quantifying the problem at local level
identifying the most populär routes followed by skiers and trekkers 
creating a cartography ofthe sites that need safeguarding.

The species taken into account are the following: Ibex, Chamois, Mountain Hare, Rock 
Ptarmigan, Black Grouse and Rock Partridge.
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The communication tools

The results of scientific research carried out in parks and natural reserves are often little known by 
the users of such areas. This lack of communication often leads to a reduced cultural and 
educational interest in the data acquired and a very limited understanding of the management 
strategies for environmental protection. An effective dissemination of scientific knowledge can 
result in a wider acceptance of potential limitations on economic and recreational activities.

Four different communication tools have been envisaged:

♦ Website. By autumn 2005, the structure of the Website www.montavic.it will be reviewed and 
implemented. Different types of layout and language will be used in order to effectively present 
the research to the various users of the Website.

♦ Scientific monographies. New publications containing a synopsis of the various research areas 
results will be published, in order to organically present data now scattered in several 
specialised publications, often difficult to access. When possible, a non technical language will 
be used, while still providing rigorous and complete information. The topics selected for the 
Mont Avic park are as follows:

forests - the park contains a wide variety of forest types, and they are particularly 
interesting in terms of environmental management;
the Black Grouse - a species which has been continuously studied in-situ for over 20 years; 
the Black Woodpecker - in-depth investigations on this species have been carried out with 
the help of radiotracking.

♦ Information leaflets. Illustrated flyers for the general public will present the results obtained by 
the project partners on three common research areas: the ecology of the Black Grouse, the 
winter fauna and lepidoptera.

♦ Information panels. These will be lotated in alpine huts and at a winter sports resort in the 
vicinity of the park, with the aim of raising awareness on the safeguard of the Alpine 
environment among visitors.

Conclusions

In conducting research activities, managing bodies of protected natural areas shall:

♦ meet the knowledge needs related to management issues;
♦ transfer the results obtained to the public through suitable communicaton tools.

The COGEVA - VAHSA project aims at enabling the optimal achievement ofthe above objectives by 
exploiting the sinergic international cooperation and know-how exchange among the participating 
subjects.
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Abstract

The impact of tropospheric ozone and atmospheric depositions on forest ecosystems is of 
considerable concern in Europe. Monitoring the dynamics of such pollutants in remote sites is a 
way to understand how uncontaminated areas are exposed to diffuse atmospheric composition 
alterations coming from elsewhere.

Since spring 2005 two different ozone and deposition monitoring sites are operating in the Mont 
Avic Natural Park. The aim of this research activity is to compare pollutants exposition in open field 
and through canopy sites. The ozone concentration is measured by passive samplers on a weekly 
basis from May to October, while atmospheric depositions are evaluated on bulk samples collected 
with continuously exposed collectors.

The impacts of ozone concentration and atmospheric depositions on forest ecosystems are 
evaluated with weekly Chlorophyll fluorescence measurements made on needles of mountain pine, 
Pinus uncinata (M ille r) , the most widespread tree species in the Mont Avic Natural Park forests.

The monitoring results will be disseminated through the park communication activities, with the 
aim of highlighting that even places which are generally deemed as uncontaminated, are affected 
by alterations in the atmospheric composition.

Keywords
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Introduction

The evidence of damages on European forest ecosystems due to atmospheric pollutants and the 
implementation of various monitoring activities in different EU countries have pushed the Mont Avic 
Natural Park to start a research activity on Vegetation exposure to ozone and atmospheric 
depositions. The project aim is to measure temporal variations of such pollutants in two different 
remote sites and evaluate their potential effects on forest ecosystems. These objectives will be 
achieved through a two-year monitoring Programme managed by the Environmental Protection 
Agency of the Aosta Valley (ARPA Valle d'Aosta), with the cooperation of the Mont Avic Natural 
Park foresters.

Study Area

The Mont Avic Natural Park is the first Regional Natural Park of the Aosta Valley, a mountainous 
region in northwestern Italy, on the Southern side of the Alps.

With a total area of 5747 ha, and a mean altitude of 2270 m a.s.l. (920-3185 m a.s.l.), the 
protected area lies over two east-west oriented valleys and is characterised by the most typical 
alpine landscapes: uncontaminated deciduous and coniferous forests, wide alpine pastures and 
lofty unvegetated areas.

The monitoring sites are located in the Chalamy Valley, in the subalpine layer, at 1550 m a.s.l..
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Fig. 1: Geographie location ofthe Mont Avic Natural Park (black dot).

Fig. 2: Geographie location ofthe monitoring sites (OF: open field; TC: through canopy).
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The first site, called open field (OF) site, is in the middle of a scarcely exploited pasture, while the 
second, the through canopy (TC) site, is located in a coniferous forest stand, whose main tree 
species is the mountain pine, Pinus uncinata (M ille r) . The distance between the two sites is less 
than 200 m. In both, the ozone concentration, atmospheric deposition composition and mountain 
pine needles Chlorophyll a fluorescence are measured or analysed.

Methods

Ozone concentration measurements

Ozone measurements are carried out using passive samplers which are continuously exposed. 
These diffusive tube type samplers rely on the reaction of 4,4'-dipyridylethylene with ozone to 4- 
pyridylaldehyde, which can be determined spectrophotometrically. The limit of detection is 2 pg/m3 
for 7 days exposures. The uncertainty at 2a is 14.5% over the whole sampling rate linearity ränge.

Fig. 3: Passive samplers exposed in the through canopy site.

The weekly samplers substitution and analysis yields a mean weekly 0 3 concentration for the two 
monitoring site. Measurement are made from April to October and will last two years.

Atmospheric depositions

The composition of atmospheric depositions is evaluated on bulk samples collected on continuously 
exposed collectors.

The two monitoring sites have a different number of such collectors due to the expected differences 
in samples heterogeneity: the open field site is equipped with only 3 samplers, while the through 
canopy site has 8. Samples will be collected each week for 12 months starting from August 2005. 
In winter, because of snow, the samplers exposed will be different from the one shown in Fig. 4. 
The parameters analysed on each sample collected are listed below.
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PH
Conductivity
Alkalinity
Ammonium
Nitrate
Total nitrogen 
Total phosphorous

Sulphate
Calcium
Magnesium
Potassium
Sodium
Chloride

Fig. 4: Atmospheric depositions bulk collectors in the open field site.

Chlorophyll a fluorescence

The effects of atmospheric pollutants on forest ecosystems are investigated through measurements 
of Chlorophyll a fluorescence, carried out with an active fluorimeter (Handy PEA). The fluorescence 
transients of 10 samples, taken from three Pinus uncinata trees in each monitoring site, are 
analysed on a weekly basis. Each sample comprises of four needles and in order to allow a 
complete understanding of damage spreading, measurements are carried out both on the apical 
and the basal portion ofthe needles. Before each measurement, the needles are dark adapted for 
60 min with leaf clips; the rising transients are induced by a red light (peak at 650 nm) of 1300 
W/m2 which is readily absorbed by the chloroplasts ofthe leaf.

Fluorescence transients are then analysed with the JIP test, which takes into account the 
fluorescence values at different time steps. This test is widely accepted and has been successfully 
used to analyse stress conditions in plant samples subjected to high levels of ozone exposure.

Preliminary Results

Ozone

The data on ozone concentration gathered over the first eight weeks show a high degree of 
correlation between the measurements at the two sites. These first results also indicate an 
interesting pattern of differentiation between the two monitoring sites, outlying significantly lower 
concentrations in the through canopy (TC) one.
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Fig. 5: Ozone concentration during the first eight weeks of the monitoring project (TC: through canopy; OF: 
open field)

Chlorophyll a fluorescence

At the time of drafting of the present document, data on fluorescence transient derived vitality 
index (PI) were not enough to see any ozone induced damages. The period when stress 
phenomena are expected to be detected is actually late summer, when a higher degree of ozone 
exposure may lead to damages in the forest ecosystems. However, favourable indications are given 
by the clear-cut difference observed between the two sites after the first measurements. Such 
Situation should provide a better understanding of the effects of different ozone exposures on the 
same tree species. Fig. 6 shows such first results.

Fig. 6: Performance index (PI) variations during the first nine weeks of the monitoring project (TC: through 
canopy; OF: open field)
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Discussion

The research activity presented has two main purposes: providing the Mont Avic Natural Park with 
the first data on air quality - seen from an ecological point of view - and investigating, with a basic 
approach, the main differences experienced by sites with different micrometeorological conditions.

Measurements of ozone concentrations and the analysis of atmospheric depositions will be 
compared to the same data collected in the more urbanized area of the Aosta Valley and in other 
forest ecosystems in Italy and Europe. Even if atmospheric pollutants dispersion dynamics act on a 
bigger scale, providing protected areas with such information is of considerable importance, both 
for communicating with the general public and for management plan development purposes.

On a more local scale, comparing the m easurem ents made in the open field and through canopy 
site is a way to analyse the atm ospheric pollutants dynam ics that forest ecosystem s experience. 
Keeping in mind that only flux modelling techniques can lead to a com plete quantification of the 
pollutants dose to which plants are exposed, the strategy suggested is a first step for a better 
understanding of Vegetation damages induced by atm ospheric pollutants.

Contact

Dr. Massimo Bocca 
parc.avic(a)libero.it

Parco Naturale Mont Avic 
Loc. Fabbrica 164 
I 11020 Champdepraz (AO)
Italy

Dr. Edoardo Cremonese 
e.cremonese(a)arpa. vda.it

A. Facchinetti

A. Mammoliti Mochet

Umberto Morra di Cella 
morradicella® netvallee.it

ARPA Valle d'Aosta - Aosta Valley Environmental Protection Agency 
Loc. Grande Charriere, 44 
I 11020 Saint-Christophe (AO)
Italy
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How to manage a national park? 
Asking the right questions to manage an alpine protected area: 

les Ecrins

Herve CORTOT

The National Park les Ecrins

Created in 1973, the National Park les Ecrins has a special place in the Alps: it is the largest park in 
France located between the North and the South Alps. The central area (91.800 ha of protection) 
and the peripheral area spread over 270.000 ha with approximately 30.000 inhabitants. The 
National Park Les Ecrins is a public establishment and employs one hundred of persons.

The Ecrins territory is organised around a series of high mountaintops: Meije, Ecrins, Pelvoux, 
Bans, Olan, and Sirac. Some ofthe mountain sides cover an altitude ränge of more than 2000 m. 
Long and deep valleys meet at the core of the crystalline massif. To the North and especially to the 
South, the relief is less rough: sedimentary mountains open on wider valleys, with far-reaching 
plateaux that allow the development of high pastures. Mountain passes make the exchanges 
between valleys easier. Today, the Cols that are easy going and easy to set up are used as road 
crossings in particular: the main Cols are the Col Bayard, the Col d' Ornon and the Col du Lautaret.

High mountains (from 800m to 4102 m, the top of les Ecrins) have a significant part of mineral, 
glacier and grass. Lots of valleys are faced with a decreasing agriculture.

For over 30 year, the National Park benefits from tools on managing information. To gain 
knowledge and experience in the field is essential for the National Park' missions:

♦ The rangers (50) are well motivated and qualified. They are long-made up of inhabitants and 
naturalists.

♦ There is currently a staff of 7 scientific workers. This staff is advised by a scientific committee. 
By the way, we are please to work with people on the long view.

♦ Two universities are not so far: Grenoble (100 km) and Marseille (180 km).

30 years and such a work!

♦ Strong inventories: ordinary for a protected area: flora, fauna but also geology and 
geomorphology. Landscapes have been studied within the "DELPHINE" method" Special work 
on lakes and groves has been carried with Universities. In social studies, the work on the 
National Park history and on Archaeology are in progress.

♦ The following step has been the monitoring: of rare plants, populations of chamois, gallineous 
birds, golden eagles, but also glaciers and physical parameters. The more original is the health 
monitoring for wild fauna, air pollutions, the visitors management, flying over mountain...

♦ Main points of this period:
the growth of biodiversity (by introducing the alpine Ibex, for instance)
the partnership with farming on 3 types of landscapes: alpine pasture, reaped meadows and 
hedged farming.
the symbolic creation ofthe Lauvitel Reserve with a special scientific program

♦ After 30 years, it is an important core which is diversified, with different quality, useful for:
official documents: regional development program, local planning management, atlas,
Natura 2000 sites
databases
information for visitors centres 
training for the National Park employees

This knowledge is a resource for the scientific research in the territory and an important source of 
information for visitors and inhabitants.
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C h a lle n g e s  fo r  th e  fu tu re

The question is: what kind of information on the long run?

To be exact:

♦ What is of importance to survey and to monitor?
♦ Which external links? international or national networks?

- In France, an attempt is currentiy in progress to create real exchanges between French 
National Parks.

♦ Which is the public targeted? How to relate back the information?

These questions have been examined, collected and organised by three axis (during the choice for 
the regional development program 2005-2010 meeting):

♦ to consider global factors acting on the territory development
♦ to measure the environmental changes to use management tools and practices
♦ to plan out conditions to preserve species
♦ to give elements concerning the territory memory

After a discussion and a debate, the scientific committee and the board of directors made the 
following choices:

♦ to continue the monitoring with priorities
♦ to start working on biogeographical data by environment (monitoring species - temporal and 

space)
♦ the operating ofthe space (environment and species)
♦ monitoring and evaluation of human activities (winter tourism, sport pollutions ...)
♦ going with disturbances (wolf , wild boar)
♦ to develop long term monitoring (flora, fauna)
♦ to develop knowledge on water
♦ to keep up the National Park culture (changes of rangers generation)
♦ to collect cultural knowledge

Som e th o u g h ts

♦ Expert or heckler? If a better knowledge is necessary to legitimate the National Park (useful 
for communication and for the territory management ), the actors of the territory can be 
embarrassed. "More we know, more it's difficult to integrate obligations and to make choices" 
for politics.

♦ Scientific knowledge, populär knowledge. How to integrate populär information and to
contribute for the preservation of cultural diversity? How to understand the local culture without
local staff ?

♦ To relate back our information on the territory. It is necessary for the acceptance and the 
development not only for inhabitants, but also for the technical public and visitors. It's not the 
same level of knowledge.

♦ Sciences and alpine protected areas:
A little research on this particular territory and on protected areas problems. We are concerned 
by the disappearing ofthe naturalists able to help us.

♦ Long term information:
Which information can be useful in the future to preserve and to manage our space? A large 
amount of work has to be done on the processing of our data.

♦ Networks, a chance for protected areas?
Today, it's a stäke to share our knowledge, our methods and to move on together.

In a world more and more standardized and planned, a National Park is moving, it changes, it goes 
forward. It's a real dynamic... May be it is like our knowledge where it's possible to get lost and to 
find back, as in the Ecrins territory!

C on ta c t

Herve CORTOT, chef du Service scientifique 
herve.cortot@espaces-naturels.fr

Parc National des Ecrins 
Domaine de Charance 
F 05 000 Gap 
France
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The Biodiversity Database ofthe Hohe Tauern National Park

Wolfgang Dämon, Patrick Gros

Abstract

The biodiversity database of the Hohe Tauern National Park is a multi-functional information 
system which documents all available data on the biodiversity of the Hohe Tauern region. The 
database, maintained at the "Haus der Natur" Museum of Natural History in Salzburg, is designed 
to integrate distribution data on all animal and plant species, while including parameters specific to 
certain systematic groups. Unit-Ievel data originate from various sources such as field studies, 
museum collections, literature, and privately maintained databases provided by biologists. Unit- 
Ievel data are referenced to comprehensive metadata concerning taxa, sites, collections, literature, 
and contacts. Many ways exist to access the information stored in the database. Possible 
applications of the biodiversity database are manifold and are of large interest to biologists, 
teachers, practitioners, politicians, and all who relate to the Hohe Tauern region.

Keywords

Biodiversity, database, digital distribution maps, Hohe Tauern National Park, "Haus der Natur" 
Museum of Natural History, Salzburg, Carinthia, Tyrol, Austria.

Project aims

The Hohe Tauern National Park biodiversity database was established with the aim of documenting 
all available data on the distribution of animals and plants in the Hohe Tauern region in one 
extensive database. The database is a multi-functional information system which allows data query 
relating to specific questions and quick retrieval in any desired structure and format. The search 
results are required to be presented so as to permit assessment of potential distribution areas with 
a special focus on threatened and target species and so as to include increases and decreases of 
distribution area sizes and population densities. The data should allow the definition of areas of 
high and specific biodiversity as well as areas requiring special protection and management 
actions. The database is a valuable basis for the compiled analysis and publication of existing 
biodiversity data. Furthermore, the project should emphasise the necessity to promote biodiversity 
research in the National Park, especially where data are scarce or obviously lacking.

Duration

The project started in the year 2000, and the total time for recording biodiversity data within the 
scope of this project should be seen as infinite. As nature is constantly reshaped by underlying 
dynamic processes (natural or non-natural) continual changes in biodiversity are to be expected 
and the documentation needs to be updated on a regulär basis.

Area of study

The geographic area covered is the "Hohe Tauern region", including the core zone and the buffer 
zone ofthe National Park (ca. 1800 km2), as well as the total surface ofthe so-called National Park 
municipalities in Salzburg, Tyrol (Osttirol), and Carinthia.

Methods

The Biodiversity database is maintained at the "Haus der Natur" Museum of Natural History in 
Salzburg. Database management and data entry is carried out by a small team of biologists 
specialised in the taxonomy and ecology of vertebrates, invertebrates, and plants respectively, and 
with in-depth knowledge of informatics.

The main Software used in the project is "BioOffice" (by BioGis Consulting), a database program 
based on a Microsoft SQL-Server with integrated GIS functionality (ESRI Map Objects). The 
program provides many useful options allowing the adaptation of the database model, application 
and user interface to exactly fit the scope and particular needs of the project. For each of the some
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400 data fields used in this project policies for the contents as well as data integrity and 
consistency were agreed upon and documented.

Highly accurate and at the same time highly efficient procedures have been developed to 
guarantee standardised, consistent data.

For all main groups of organisms the database contains comprehensive and standardised 
taxonomic lists, including information on higher systematics, nomenclature, name codes, general 
distribution (in Austria, Europe), the degree of endangerment where defined in national and 
regional Red Lists, and the degree of protection according to European Union Directives.

Unit-Ievel data records (so-called "objects") contain either observations of individuals in their 
habitat, or collected, prepared, and preserved specimens. Sources of unit-level data include 
published literature, unpublished project reports, expert mappings and expert opinions, private and 
public collections, and miscellaneous sources of observational data collected in the field and held by 
many zoologists and botanists (such as traditional paper card indexes, excursion lists and diaries, 
but also data already in some way digitised). Consequently, the database contains recently 
sampled data as well as historical data.

In the course of importing data from these sources, the reliability of the information is evaluated 
and commented on by scientists (e. g. with respect to taxonomic identification), assuring a high 
quality Standard. Many ways exist to access the information stored in the database. The record 
sets retrieved from queries may be presented in user-defined reports and on digital maps, or may 
be exported to be analysed statistically or using GIS Software.

Results and discussion

Currently the database contains ca. 61000 records (objects) concerning ca. 4400 species of 
animals and plants and ca. 5400 georeferenced sites. Table 1 shows the number of data broken 
down into the main groups of organisms. Since on average each record set comprises about 25 
data fields (i. e. filled with information), the total amount of effective information is estimated to 
exceed 1500000 data.

Unit-level
Data Taxa Sites

Mammals 2419 69 522

Birds 23324 281 2552
Reptiles and amphibians 991 19 544
Butterflies and moths 14821 1290 625
Bees and bumble bees 5487 60 672
Grasshoppers 1481 41 623
Beetles 7857 1810 345
Dragonflies 92 27 18
Spiders 21 13 12
Flowering plants and ferns 4572 575 425
Lichens 130 107 24
Mosses 360 152 99
Total 61555 4444 5464

Tab. 1: Number of record sets in the biodiversity database

Among the most important data sources which have been integrated in the database so far are the 
following: data collections provided by specialists (of e. g. birds, butterflies and dragonflies); 
collections of specimens held in the "Haus der Natur" Museum of Natural History; research project 
reports commissioned by the National Park (Vegetation Science, monitoring of eagles, vultures, 
bats); some 150 published papers dealing with faunistics and floristics in the Hohe Tauern region, 
and last but not least observations reported by National Park authority employees and trainees. 
Remarkably, an overwhelming amount of data originates from private experts who volunteer their 
time to unsalaried investigations.

An exceptional number of data comes from a few regions, such as Badgastein, Heiligenblut 
(Großglockner region), or Prägraten. Actually, places like these have always attracted scientists. 
On the other hand, the data clearly indicate some regions where biodiversity data are scarce and 
on which research should be focused. The amount of data available from the core and buffer zones, 
and thus the number of known species, is rather small compared to the adjacent regions. However, 
when extrapolating species richness from the number of currently existing records, biodiversity in 
the core and buffer zones should be distinctly higher than in the adjacent areas.
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During four years of database management we experienced the importance of keeping data 
standardised, cleansed and consistent, which was attempted rigorously from the beginning. 
However, the effort to maintain the database at a high quality level continuously grows with the 
number of integrated data sources and takes at least the same time as the digitisation of new data.

The biodiversity database serves as a tool to organise the huge amounts of data originally spread 
over many sources and makes them easily accessible for use in nature conservation, landscape 
planning and management of natural resources. It already proved to be a helpful Service system 
for all those who have to consider biodiversity in a decision-making process. In the near future the 
information stored in the database should be available also to the public (e. g. in the National Park 
centers) and via the Internet. This should increase the awareness of the public for issues of 
biodiversity and biological sciences in general.

Contact

Dr. Wolfgang Dämon 
wolfqanq.daemon@hausdernatur.at

Dr. Patrick Gros 
patrick.qros@hausdernatur.at

"Haus der Natur" Museum of Natural History 
Museumsplatz 5 
A 5020 Salzburg 
Austria
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Aerial image Interpretation within the Interreg IIIB project 
"HABITALP"

Walter Demel, Ulrich Kias 

Abstract

Eleven protected areas from all over the Alps are working together in the project HABITALP to 
derive habitat-data from aerial images. This proceeding gives an overview on the approach, the 
status of the activities and future trends in remote sensing which may be important for monitoring 
in protected areas.

Introduction

Color infrared-sensitive films ("CIR"-films) are established as one of the most important source of 
information for land use mapping and even for detailed monitoring of Vegetation. Because of the 
considerably higher differentation of the reflection of Vegetation in the ränge of near infrared the 
reconnaissance of species in such images is much more easier and reliable compared to 
panchromatic or true color images. Very good examples are the distinction of decidous and 
coniferous trees and the identification of moist and wet areas.

Since 1980 CIR aerial images are used in the Nationalpark Berchtesgaden for the mapping of 
biotop and land use types. Rotational repetitions of the flights took place in 1985, 1990, 1997 and 
2003, the updating of the mapping was carried out at the Center for Landscape Informatics (LIZ) 
ofthe FH Weihenstephan. During the long lasting cooperation with other nationalparks in the alpine 
area the idea arose in the mid 90s to Start a project to aim at a concept for a standardised 
interpretation method of aerial photographs.

Within the scope of an Interreg Ila project (Kias et al., 2001) an appropriate study was conducted 
at the LIZ from 1999 to 2001 which produced an interpretation key extended for the special 
conditions ofthe high mountains. Basing upon this interpretation key in november 2002 started the 
project HABITALP with partners from eleven protected areas from Austria, Italy, France and Swiss 
under the leadership of the Nationalpark Berchtesgaden. And as biotop and land use types or 
rather habitats are intended to be mapped all over these aereas with CIR aerial images in 
HABITALP, the CIR aerial images are the most important basis of this project.

Flight campaigns: Technology, Organisation, problems and profits

Whereas some of the project partners had already wide experiences with flights for aerial images, 
it was totally new territory for most of the participants. Nevertheless within a short time it could be 
managed to provide the corresponing specifications in all languages for the tender procedure of the 
flights and the following orthophoto production.

A small summary ofthe technical specifications:

♦ film: Kodak Aerochrome III Infrared 1443

♦ average image scale: 1:11000 up to 1:13000

♦ flight period: july - august (September)

♦ scan-resolution: 12,5p

♦ resolution ofthe digital orthophotographs: 20cm

♦ optional: digital terrain model (DTM) production

With these requirements the project was intentionally based on approved methods, whereas new 
technologies like digital camera systems were not excluded a priori. However only one tenderer in 
France did ask if he could offer also flights with digital cameras, but a corresponding offer wasn't 
submitted.

Final ly in summer 2003 the protected areas Les Ecrins, ASTERS and Berchtesgaden could be 
processed. Five areas in Italy attempted to make a collective tender procedure, but the bidding had 
to be repeated as the offers were way too expensive. Beside a loss of time this turned out to have
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also some advantages: Because of the opening of the procedure also for non-italian tenderers it 
was possible to get much better prices.

Summer 2004 was planned as an "backup" date for the flights of 2003. While the flights of 2003 
couldn't be accomplished because the Vegetation was heavily suffering under the dryness of this 
hot summer, the weather of 2004 was so bad that flying was only possible in La Vanoise, Bozen 
and some small parts of Stelvio. For these reasons the whole project was suddenly put into 
question, but the project leader Nationalpark Berchtesgaden could manage it to get a Prolongation 
from the EU authorities.

Interpretation key: Development, deployment and application

The Interreg Ha study was the prototype ofthe interpretation key which was used as from summer 
2003 both in Nationalpark Hohe Tauern, applying the CIR and FDIA aerial images from 1998, and 
in Nationalpark Berchtesgaden. Basis for the interpretation key is the „Systematik der Biotop- und 
Nutzungstypenkartierung" ofthe german Federal Agency for Nature Conservation (BFN, 2002). The 
assignment of attributes is made by a hierachical system in three columns:

biotop-/land use type (4-digits) e.g.: 7215 coniferous forest (pure stand), old growth stand
species/genus/character (3-digits) e.g.: 120 dominant: spruce; accompanying: fir
degree of cover (1-digit) e.g.: 4 canpoy: 60% - 90%

In order to start the process of harmonisation the LIZ at the same time did gather proposals for 
additions from the other project partners. Commencing with a first common workshop in Salzburg 
in June 2003 step by step suggestions were collected via the internet forum of habitalp.org. The 
realisation was done by a smaller team of experts (coordination group for the aerial image 
interpretation) where experienced interpreters met as representatives of the Western, central and 
eastern parts ofthe alps.

Quickly was revealed that specially the requirements of the partners of the south side of the alps 
could overextend the previous coding system with its limited scope.

The first revision ended in the autumn of 2003 resulting in the publication of a complete new 
translated mapping guide in german, french and italian language within the series of publications of 
the Alpine Network of protected Areas (ALPARC, 2003). In march 2004 the first training of the 
interpreters took place in Gap. Participants were not only the partners who had flights in 2003, but 
also the coordination group. An interesting side effect of the successful team work was the 
acquisition of several high-value stereoscopes for those park administrations who had tili then no 
or not sufficient equipment for stereoscopic analysis of the aerial images.

Finally in the course ofthe application ofthe interpretation key so many pervasive change requests 
were brought forward that it was necessary to totally revise the mapping system. Basically 
following the same logic the orignal three columns became around 20 columns representing single 
criterias (e.g. degree of scree, rock, water, trees ...). With a translation routine it 's  possible to 
convert the old data into the new Schema.

The new system was presented in July 2004 during a workshop in Lausanne, where the 
arrangement was made to decide the realisation after a testing phase until autumn 2004. A serious 
consequence of this change was the necessity to revise and translate all documents of the 
interpretation key. This was achieved in time tili the second training of the interpreters in March 
2005 in Freising.

Data: habitalp.org

As already mentioned a multilingual internet platform with discussion forums was established 
within the project HABITALP to provide the up-to-date interpretation key and the photo examples 
for all project partner in their national language. This media was embraced during the first revision 
of the interpretation key. The second revision did happen „offline" in the circle of the coordination 
group.Having the first results of the aerial image interpretation digital maps will be integrated in 
the internet platform by using the free map sever of the University of Minnesota. The goal is to 
provide the project partners with cost-saving mapping results of the project. In this context legal 
aspects, mainly questions concerning the release ofthe data, are examined at the moment.

Monitoring: Change detection in the Nationalpark Berchtesgaden

The question about the best monitoring system came up in the project HABITALP after having 
meanwhile results from four aerial image flights in the Nationalpark Berchtesgaden. In the course 
of the change to the new interpretation key a new procedure could be developed which seamlessly 
fits in the Schema and uses the advantages ofthe new system.
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Significant features are „Delta-Colums" for the documentation of changes (e.g. increase or 
decrease of the number of trees) as well as a column for description ofthe change causing process. 
With this system it 's  possible to record also minor changes in detail and not only major incidents in 
the landscape which would lead to a new biotop- and land use type or a new shape ofthe polygon.

Future: New sensors, data and Software

The flights within the project HABITALP were offered only with analogue cameras because at this 
particular time the switch to digital systems of the flight Companies hadn't already started. In a 
few years however this technology will be the Standard and also remote sensing projects like 
HABITALP will benefit from the fact that digital cameras will have beside the classical RGB channels 
also a fourth channel in the ränge of near infrared.

On the other hand with Quickbird and Ikonos two high-resolution satellites are available delivering 
pictures with ground resolutions between 0,6m and Im within the panchromatic spectrum. In the 
Nationalpark Berchtesgaden the Provision of Quickbird data is planned for 2005 in order to make 
comparative tests related to interpretation results of conventional aerial images. In spite of this 
impressive technology there are remaining doubts if it 's  possible to abstain from flights especially 
in the alpine regions where flight periods are typical ly shorter due to climatical reasons.

An absolute innovative and useful additional information will be data from airborne laserscanning 
(Kraus, 2005). This technology provides not only precise digital terrain models (DTM) with 
unprecedented resolutions for alpine regions but also digital surface models (DSM) delivering 
vertical informations about the objects on the ground (e.g. Vegetation, buildings...) and thus 
enabling interpreters to better map roads or geomorphology especially in areas with a lot of 
forests. The availability of such data will push modern image Processing systems like eCognition 
because the integration of the elevation information in this quality will reduce a lot of difficulties for 
environmental modelling in the near future.

Summary

The project HABITALP started with the goal to create a standardised data basis for eleven 
protected areas in the Alps by the use of aerial image interpretation. Even if the project was 
temporary endangered because of delayed flights the result for research in alpine regions is 
already a success by now: Due to the perennial co-operation Standards could be created ranging 
from multilingual bidding documents to a shared interpretation key on an internet platform.
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Aspects of sports ecology and wildlife biology in high mountain 
regions of the Alps 

Interactions between outdoor sports and rock ptarmigans 
(Lagopus mutus helveticus) in arctic alpine zones

Heinz Dungler 

Abstract

In this project sports ecology combines sports sciences and wildlife biology for research in high 
mountain regions. The relationship of sports and nature is the main theme of sports ecology. The 
example of rock ptarmigans shows interactions between outdoor sports and wildlife. Abundance 
and parts of behaviour like attraction, habituation, sensitisation and avoidance are examined to 
show effects. Philosophical aspects of sports ecology make us think about the value of wilderness. 
The educational part of sports sciences and several other institutions like protected area 
management can realise the results. The basic research is done in the area of Nationalpark Hohe 
Tauern.

Keywords

Sports ecology; sports sciences; wildlife biology; outdoor sports; natural resources and wilderness; 
rock ptarmigans; effects; abundance; behaviour; symbols of wilderness; didactic of sports; 
education; protected areas management

Introduction and project aims

The coincidence of sports and nature is a sensible complex. Natural resources and wilderness are 
limited, intrinsic values. They are resources for a harmonic development of humans. Health, fitness 
and quality of life are related to biodiversity and natural evolution.

The growing number of outdoor sports activities in protected areas shows that sportsmen are 
attracted by values like natural resources and wilderness.

Sports ecology, as a part of sports sciences tries to discuss scientific basics for a harmonic 
development of sports and nature. In the presented project the example of rock ptarmigans shall 
show us interactions between outdoor sports and wildlife. The educational part of sports sciences 
and several other institutions like protected areas management can realise the results.

Methods

Studv area

The basic study area was the Weißsee area around Alpinzentrum Rudolfshütte, upper Stubachtal, 
Granatspitz- und Glocknergruppe, Nationalpark Hohe Tauern (ÖK 153, 47°80' N, 12°37'0). Some 
data about the behaviour of ptarmigans are collected in different parts of the Alps like Radstätter 
Tauern and Sextener Dolomiten.

General studv time

The basic study time was the seasons of recreational use in the time of 7. 5. 2000 21. 10. 2000,
18. 1. 2001 - 9. 9. 2001, completed in summer 2002 and winter 2003 / 2004.

Methodical desian

The methodical design uses methods to examine outdoor sports and methods of wildlife biology to 
examine rock ptarmigans. The combination leads into questions of sports ecology.

One part of the methodical design is to examine area use by outdoor sport activities and the 
behaviour of sportsmen and visitors. It is separated in seasonal and daily use and several kinds of 
human behaviour.

With rock ptarmigans, abundance, sports ecological abundance and scanned samples of animal 
behaviour are examined.
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The assumption for these examination is the proximity of infrastructure like ski slopes, ski touring 
tracks, off piste skiing possibilities, ice climbing areas, hiking paths, rock climbing areas, alpine 
huts etc. and their use by sportsmen and visitors.

Distances of reaction between rock ptarmigans, infrastructure or humans are the basic for the 
data. The combination of distances of reaction and samples of behaviour are used to show effects 
like attraction, habituation, sensitisation or avoidance.

Sports ecological methods are descriptive. They also relate to philosophy and didactic of sports and 
outdoor education.

Sciences of biology
Sciences of philosophy, human ecology, 

education, didactic of sports

\ /
Sports Ecology

Science of the relationship 
between sports and nature

£
Education of human consciousness and behaviour

£
Harmonic development of sports and nature

Fig. 1: Model of scientific parts and aims of sports ecology

Results and Discussion

In the Weißsee area visitors and alpine courses cross the ranges of ptarmigans. Between summer- 
and winter seasons there are some months without recreational use.

The "ecological abundance" of ptarmigans in the observed area was 4,04 territories/km2. This value 
does not significantly differ from other regions of the Alps.

Compared with the high recreational use of the area no obvious negative effects on the abundance 
of ptarmigans were observed. This does not mean, that there could not be a higher quantity than 
4,04 districts/km2 if the tracks were not used that much.

The sports ecological abundance and the ecological abundance of ptarmigans per track use show 
that during the studied periods the seasonal and daily use of outdoor activities had no direct 
connection to distribution and behaviour of ptarmigans.
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May and June are the critical months because during this period, the animals begin to build their 
nests and to brood during a time of low recreational use. If the ptarmigans have been successful 
with breeding and the recreational season in their districts starts suddenly, normally they do not 
leave their nests or territories. So habituation is one ofthe possibilities for successful breeding.

Early habituation of juvenile ptarmigans is probable because some ofthe breeding areas and nests 
were close to tourist infrastructures.

The migration of the birds in higher regions of the area is natural and a connection to outdoor 
sports was not evident.

During the period of research no impact from outdoor activities on autumnal mating, territories or 
social structure could be found.

A lot of observations of breeding- and resting places were close to tourist infrastructure. 
Habituation of ptarmigans appears very probable. The loyalty of ptarmigans to their home ranges 
and successful experiences in these places are possible reasons for this behaviour.

If ptarmigans had a special interest in tourist infrastructure this could not be through experience, 
although the distances between the birds and tourist infrastructure did not demonstrate 
sensitisation or avoidance. Loss of home ränge area is possible because of the ski slopes and 
buildings. The activities of two ptarmigans close to a ski slope showed that even skiers under 
defined conditions caused no disturbance. These birds did not show any reaction of sensitisation or 
avoidance. It seems that this could also be habituation.

Measuring distances of reaction, consequences from outdoor activities on the behaviour of 
ptarmigans could clearly be recognised. From Situation to Situation ptarmigans used the most 
effective and economical reaction. Flying was less often recognised than all other reactions. A 
general sensitisation against or a special interest in human beings could not be recognised. Most of 
the reactions were forms of avoidance and habituation. Only aeroplanes and dogs out of lead 
excited the animals very early.

Rock ptarmigans are good indicators of habituation of wildlife towards humans but they are no 
indicators for borders of tolerance against outdoor activities.

Ptarmigans are symbols of wilderness in the Alps. They give sports ecology the chance to use 
educational values for a development of sports, natural resources and wilderness in harmony.
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Towards an international protected area : 
Lessons from the transfrontier interdisciplinary research network 

for the protection of the Mont-Blanc

Barbara Ehringhaus

Background

The Mont-Blanc, the highest massif of the Alps and of EU-Europe, continues to have a surprisingly 
low and spatially limited protection status that is inadequate in view of its ecological, historical and 
symbolical importance. This vulnerability is compounded because the Mont-Blanc area is a hotspot 
of international mountain and mass tourism and lies along a main European transport corridor, 
contrary to most other protected areas (PA). In 1990, responding to the demands ofthe worldwide 
environmental community the respective ministers of France, Italy and Switzerland agreed on 
creating an International Park at the « Roof of the Alps ». To date, however, only some nature 
reserves at the fringes of the central massif exist on the French side. As the local authorities 
protested against a park project fearing an « Indian reserve » they were instead entrusted to 
build the »Espace Mont-Blanc» project in 1991, pledging to harmonise development and protection 
in a much larger region of 2.100 km2. Nevertheless, the three project scientists withdrew soon, 
regretting the lack of political will and progress towards the ambitious double goal. In a parallel 
process, between 1993 and 2004 the World Conservation Congress has adopted three resolutions 
demanding the international protection of Mont-Blanc. In recent years ProMONT-BLANC, the 
international umbrella NGO regrouping over 20 organisations for the protection of Mont-Blanc 
(MB), has attempted to draw researchers of all fields into the PA lobbying process and to provide a 
scientific dialogue and basis for a proposed transfrontier World Heritage (WH) nomination, as well 
as the required management plan and prior legal protection status.

Project aims

The multiple goals of the research network are to further cooperation between scientists across 
borders and fields and to popularize scientific results and predictions for decision-makers and the 
general public. In spite of MB's importance as the cradle of earth sciences and mountain research 
there is still very little cross-national and inter-disciplinary exchange of research in this region. 
Furthermore, solid scientific arguments needed to be assembled in order to lobby local and national 
authorities in respect to their responsibility towards this iconic mountain ränge. Scientific input is 
also necessary to demonstrate the massif's outstanding environmental services, the specific threats 
and their impacts, and the consequent needs for protection. Also, in view of a potential World 
Heritage nomination the uniqueness and the exceptional features of MB have be to specified in 
comparison with other similar sites of the world. Most urgently, ProMONT-BLANC wants to assure 
scientific input into the highly politicized « Sustainable Development Scheme » which is currently 
being prepared by Espace Mont-Blanc as an EU-INTERREG III project.

Though the local population around the MB is very proud and knowledgeble of «their»mountains, 
much better communication is needed on pros and cons of different PA alternatives and on 
research data of complex issues such as climate change and tourism trends to motivate and 
mobilise them towards active participation in protection efforts. For unlike earlier PAs, today the 
protection status can neither be imposed by the state, nor by international institutions, but has to 
be supported by local stakeholders and authorities, who need to be better informed about the 
issues at stäke.

Approach

The targeted involvement of researchers started in early 2002 with a series of expert meetings 
with social and natural scientists and PA practicioners and a subsequent international conference 
on the MB as a potential World Heritage site (October 2002). Since then, ProMONT-BLANC 
gradually enlarged the network of researchers from France, Italy and Switzerland through several 
tri-national and interdisciplinary meetings and electronic communication. Initially, the Strategie 
goal for protection is the uninhabited central area, therefore the first steps assembled mainly 
natural scientists. For the human dimension and for the wider region social scientists are ready to
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re-integrate the network. As a result, so far 34 natural scientists from 12 Universities and other 
research institutions in the three countries have volunteered to contribute to the analysis of 
highlights, risks and environmental services of Mont-Blanc as well as of MB's scientific importance 
and ecological specificity citing recent and ongoing research (including data from the hot summer 
of 2003). Outstanding glaciologists and geologists, hydrologists and climatologists, as well as 
biologists and ecologists have each used the methods of their own discipline and the long data 
series available for MB and then jointly summarised their findings and possible trends with their 
colleagues from the same field. Written additions by those not present at the meetings have 
completed the inter-disciplinary overview of MB's natural features and possible future role.

Achievements

Researchers from all three countries have volunteered their time and drafted a preliminary dossier 
and are ready to work on a solid scientific dossier for a transfrontier management plan of Mont- 
Blanc, if so requested by the respective authorities. In this they underline MB's importance for 
current and future dynamic processes and strongly advocate a more coherent and effective 
transborder protection status of its core zone with corridors to the surrounding «balconies» and 
connection with the nearby National and Regional Parks in France and Italy. The researchers also 
confirm the compliance with at least 3 of the 4 selection criteria for a natural World Heritage site: 
1) representative of earth history, 2) representative of on-going ecological and biological 
processes, 3a) exceptional scientific importance, 3b) unique aesthetic beauty, and 4) while the 
area does not excel in endemic and threatened species, it contains an extraordinary abundance of 
all species representative ofthe Western and Central Alpine arch. Therefore they strongly endorse 
its transfrontier nomination, although there is concern about the absence of the required prior 
«integrity» in legal protection.

In particular, the scientists maintain that the MB, while in the midst of densely populated Europe, 
distinguishes itself by offering all the world's mountain features in a nutshell, such as

♦ High diversity of cold, warm and black glaciers in all expositions and gradients

♦ All altitudinal levels and expositions suitable for plants and wildlife, including extreme 
ecosystems in arctic environments unsuitable for permanent life forms

♦ Presence and visibility of most of the geological stages and the resulting phenomena

♦ A reservoir of water and humidity and a buffer for the expected regional repercussions of global 
warming thanks to the convergence of 5 different climate zones around the summit elevation.

Therefore, the research network urges to use the massif more systematically as an ideal 
observatory for inter-disciplinary research on the dynamics of mountain ecosystems. They insist on 
intensifying the regulär data gathering in view ofthe unique climatic conditions and the long data 
series that have been collected since the 18th Century and which are available only on the MB. 
Climatologists, glaciologists and hydrologists agree on the utmost importance of this European 
hotspot of precipitation for the study and application of the findings about future climate risks and 
chances, about the renovation mechanism of glaciers throughout annual seasons and pluri-annual 
cycles. Geologists underline MB's crucial role for man's growing understanding of earth history and 
its geographical location in the Alpine arch.

While presenting a high risk for degradation by mass tourism, the area's easy accessibility 
compared to other higher mountain ranges of the earth - presents the opportunity of MB as a 
unique outdoor show case where the general public can appreciate and learn about processes of 
life's adaptation to extreme conditions, of ecological diversity and altitudinal variations, and of 
specific phenomena of climatic change (e.g. growth and decrease of glaciers in time) as well as the 
overwhelming richness and beauty within a compact and steeply rising mountain ränge.

Finally, the scientists also recommend MB as a priviledged laboratory for innovative PA strategies 
and policies (e.g. mountain tourism) and the application of the protocols of the Alpine convention 
with high potential for multiplication elsewhere in the Alps and beyond because of its exemplary 
role.

Challenges and difficulties of the research network

While researchers and activists reached unprecedented levels of communication and enthusiasm, 
the process towards a de facto protection and concrete WH nomination is very slow and hampered 
by the ups and downs of voluntary NGO engagement, limited funds, and political obstacles. In 
addition, there are a number of difficulties regarding:

♦ the respective national frames of reference that are still prevailing, rather than an ecosystem 
perspective which transcends national species and habitat categories.
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♦ the spatial strategy to be adopted in the initial lobbying efforts, i.e. how far to extent the future 
PA beyond the core area of the massif into the so-called surrounding balconies, which might 
compromise the political will for protection altogether.

♦ a recommendation as to which combination of PA types to establish around the natural WH core 
area (e.g. MAB Biosphere Reserve, Parc Naturei Regional and/or mixed natural-cultural WH site)

♦ the biologists' and ecologists' hesitation to elaborate on potential future scenarios, in particular 
regarding climate change and plant diversity

♦ the integration of social sciences into the process that underline the socio-economic, political, 
symbolic and historical dimension that are so crucial to the area, but might complicate the first 
initiative to protect the uninhabited, but contested, core zone.

Outlook

While ProMONT-BLANC was successful in bringing together researchers from the three concerned 
countries in a Creative dialogue and in engaging them in the lobby for a PA status, the biggest 
challenge for MB's transfrontier protection still lies ahead: How to bridge the wide gap between the 
exemplary wealth and level of scientific achievements on the one hand and the decisions of local 
people and their elected representatives on the other. Specifically, this process now needs to 
strategically deploy research into creating a significant PA which is actively promoted by local, 
regional and national decision-makers and supported by the wide array of local and non-local 
stakeholders. This requires that local authorities of «Espace Mont-Blanc» become convinced that 
protection of their natural capital, the basis of their current prosperity, will have to be protected 
adequately in order to achieve realistic long-term sustainable development of tourism, mountain 
farming, as well as cultural and natural landscapes. In particular, issues such as environmental 
risks and services both for the region itself and for the wider downstream area, offer an 
opportunity to engage a broader set of-decision-makers and stakeholders in a PA debate and to 
develop and implement protection schemes with people rather than in Opposition to them. As one 
step to address these challenges we currently search for scientific journalists capable of 
summarising the results in a non-scientific format for political decision-makers and a populär 
version for the general public, primarily in French, but also in Italian, German and English.
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Global Change Impact -  Projects in the National Park 
Berchtesgaden

Helmut Franz

Abstract

The National Park Berchtesgaden was founded in 1978. Protection of nature, research focussed on 
observation and monitoring of biocoenoces and recreation as well as environmental education, are 
the most important tasks, defined by the Bavarian Parliament. Research and long term monitoring 
will support understanding of ecological processes. The natural und man made changes will be 
identified for the whole area. Research in National Park Berchtesgaden is applied research. It 
supports the management measures as well as the long term development tendencies. This is 
defined in the National Park plan and put into force by the Bavarian Ministry of Environment in 
2001 (StMUGV 2001).

The tasks of the research and monitoring distinguish between topics in natural and near natural 
ecosystems ofthe core zone and topics in human influenced ecosystems in buffer zone. In addition 
to these topics, the development of ecosystems, which are no more used by human activities, 
should be worked out in core zone. The results of these synthesises should be compared to the 
present expectations.

Basics of long term monitoring in Berchtesgaden

A Geographie Information System (GIS) is the basis for research, planning and monitoring in 
Berchtesgaden. It was introduced in 1984 as a part of the UNESCO-MaB - Project 'Impact of 
human activities on high mountain ecosystems', which took place from 1981 - 1991. These data 
were consequently processed for the management plan from 1991 - 2001. At present, all data 
models are refined for long term monitoring.

Hierarchy of long term monitoring -  the management projects

Basic of all the previous and present research projects, of the management plan and the long term 
monitoring is the interpretation of colour infra red (CIR) aerial photos at a map scale of about 1: 
10000, combined with the digital elevation model. In Berchtesgaden, CIR-photos exist for the 
years 1980, 1985, 1990, 1997 and 2003. This method was adopted by 10 other protected areas 
within the HABITALP-project (Lotz 2005).

Long term monitoring 

all over the national park 

Color infrared aerial photos

Vegetation
Monitoring

Game- Forest 
Monitoring

Monitoring of 
springs and 

running water

Biotop types, biocoenosis or p ints o f it on defiliert Iocsitioiis' 
re.vpectively »niinnl and plant species

Fig. 1: Hierarchy of monitoring programmes in the National Park Berchtesgaden 
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Temporary buffer zones are defined in the management plan. Exclusively measures for game 
management are taken in these zones. They will be change into buffer zone in ten years, if the 
measures for forest development will succeed. Methods for validation are

♦ monitoring of chamois

♦ com parative monitoring o f Vegetation inside and outside fences

♦ forest inventory

The data structures and the routines will be developed at the basics ofthe existing data models.

The Global Change Monitoring Projects

The projects on climate change are embed in this framework. The effects of global change will be 
worked out at present in three projects:

♦ Impact on global change on high alpine Vegetation including contribution to the GLORIA-Project

♦ Phaenological monitoring

♦ Monitoring of water sources

Impact on global change on high alpine Vegetation

A hypothesis assumes, that the plant species of alpine calcareous grasslands (Carex simpervirens-, 
Carex firma-community) have changed during the last 20 years. For this reason, historical plant 
mappings between 1984 and 1988 in the National Park Berchtesgaden were repeated in the year 
2003 by Thomas Kudernatsch, Weihenstephan Center of Life and Food Sciences. Floristically 
changes between 1988 and 2003 were evident. The increase of temperature during the last two 
decades caused the changes of plant species. Since 1988 the average number of species per 
mapping site increased significantly by 11 species in the plant communities above 2000 m about 
sea level. This rise is not caused by the immigration of new species but by an increase in the 
frequency of species, which existed still 1988. A trait analysis showed that species which have 
clearly increased in their frequency are from small growth, preferably generative reproduction and 
have light seeds. In the Carex firma-community the species are also characterized by a late start of 
flowering time. Different exogenous and endogenous factors were discussed as possible reasons for 
the documented changes. The floristically changes should be explained by global warming. Natural 
succession, nitrogen deposition as well as changed land use practices obviously play not an 
important role (Kudernatsch 2005).

Phaenological Monitoring

Phaenology works on periodical returning phenomena of development of plants and animals. The 
appearance of flowering and leaf stages is documented for plants. It is closely linked to phenomena 
of weather and climate conditions. Phaenological data will be used more intensively for future 
analysis of trends of climate change. In the National Park Berchtesgaden, two international 
Phaenological gardens (cf. http://www.aqrar.hu-berlin.de/pflanzenbau/aqrarmet/ipq de.html) are 
installed at Schapbach and Kühroint. In addition, the NP Berchtesgaden runs another 30 places for 
phaenological documentation in an altitude profile from 700 to 1400 m above sea level since 1994.

Monitoring of water sources

Water sources are very outstanding biocoenoces. Their temperature fluctuates in a very narrow 
ränge between 3 respectively 4 to 6 0 C. The fauna of water springs is adopted to this special 
condition. Till now, about 750 zoological species were identified. A third of these species, found in 
about 60 water sources of the NP Berchtesgaden, is strongly adopted to the conditions in water 
sources and might change with global warming. This special Programme will be continued for next 
decades.

Integrated environmental monitoring

The approach to put integrated environmental monitoring into concrete terms, was developed in 
the Biosphere Reserve. It is based on development of a core set of parameters, corresponding with 
data collected in the process of integrated environmental monitoring or provided by existing 
measurement and monitoring programmes: the parameters of the core set are selected by a 
problem and a data oriented approach as well as a system theoretical approach, based on a runoff 
model.
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The biggest development potential of environmental monitoring is to realise an integrative 
interpretation: by bringing together data sets, the value of the statements of the existing 
monitoring programmes and measurement networks can be significantly increased.

The exemplary implementation and assay ofthe methodological proposals in the Biosphere Reserve 
Rhön (Schönthaler et al. 2003) will be implemented in the National park and Biosphere Reserve 
Berchtesgaden on behalf of the management plan. The interpretation of colour-infrared aerial 
photos is the most important data layer for this monitoring.

Summary

1. Research and long term monitoring are central areas of responsibility of a national park (cf. 
decree of implementation ofthe national park, § 6(1))

2. On behalf of the NP Berchtesgaden, the Free State of Bavaria accepts responsibility for the 
alpine region within the scope ofthe national and international framework

3. National park administration will concentrate on long term monitoring, especially on the 
integrated environmental monitoring concept, developed in the biosphere reserve Rhön

4. At the same time, this work can support the duties for the Natura 2000 duties of the European 
Union

5. At last, the management measure will be validated by this concept of long term monitoring 
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Alpine Streams -  Natural Ecosystems as 
Indicators of Environmental Change

Leopold Füreder

Abstract

Streams are common features of alpine landscapes, and the attention given alpine streams has 
increased recently in response to increased recognition ofthe important role that these headwater 
streams play in major river systems throughout the world, and the vulnerability of these streams 
to local and regional environmental change (e.g., associated with changes in adjacent land use, 
acid and nutrient deposition, global climate patterns). Current climate change scenarios indicate 
proportionally more detectable impacts at both high altitude and latitudes. In recent investigations 
we have been focusing on the large variety of natural freshwater ecosystems in the Hohe Tauern 
Nationalpark, as their importance is often recognised in their dominating appearance in the alpine 
landscape, their re-creating and formative, sometimes threatening natural dynamics, but also in 
their progressive decline within the Alpine countries. Since lakes and rivers are highly driven by 
climatic, catchment and thereof dependent internal processes they are considered to be sensitive 
ecological systems and may serve as models to examine the consequences of environmental 
changes. Our results from various investigations in high mountain landscapes help to understand 
how alpine running water systems and their biota can be regarded as catchment-scale integrative 
monitors for a set of hydrological, thermal and biotic variables. In that sense, Alpine running 
waters can be regarded as research foci in the context of environmental change. These 
investigations in larger protected areas provide essential contributions for a forward-looking 
environmental research.

Keywords

River typology, habitat assessments, glaciation, global climate change, aquatic invertebrates 

Project aims and duration

Running waters are inherently important components of alpine landscapes because they are vital 
water and nutrient conduits that connect high elevation snowfields, glaciers, and alpine meadows 
to natural and human resources at lower elevations. Awareness of the environmental value of 
headwaters, as ultimate resource of unpolluted waters for the future, has grown among the 
scientific community, land/water managers, administrators and the public. Notwithstanding this 
interest, few studies have focused on the ecology of mountain running waters. However, recently, 
greater attention has been given alpine streams in response to increased recognition of the 
important role that these headwater streams play in major river systems throughout the world 
(e.g., Brittain and Milner 2001). In the last decade awareness ofthe environmental value of Alpine 
headwaters has grown, as testified by various international activities, like recent international 
congresses and scientific programs. Interest has also grown among the general public as a 
consequence of a more widespread knowledge of environmental problems caused by human 
activities, both at the local (hydropower, tourism, artificial snow, etc.) and global scales (climate 
change, acid rain effects, etc.). These changes are known to impact even the most remote areas, 
at high latitude and elevation, in ecosystems that are particularly vulnerable to organic pollution, 
tourism, acid rain and global warming.

In this presentation I want to summarize the results of several research projects carried out within 
the last decade in the Central Alps. The major aims of these investigations were to

♦ provide an inventory of Alpine running waters in selected mountain areas,

♦ identify the habitat conditions at reach as well as catchment scale in a representative selection 
of Alpine running waters within these areas,

♦ identify major abiotic and biotic factors important for the structure and function of running 
water ecosystems, and

♦ identify the indicator role and quality of alpine running water systems and their biota for climate 
and environmental change issues so that they can be regarded as catchment-scale integrative 
monitors for a set of hydrological, thermal and biotic variables expected to change.
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Area of study

The investigations presented and summarised herein were carried out in the Nationalpark Hohe 
Tauern (Austria), the Naturpark Rieserferner-Ahrn (Italy) and in various running waters in the 
Inner Oetz Valley around Obergurgl (Austria).

Methods

Detailed descriptions of research methods were provided in several publications (Füreder et al.
2000, Füreder et al. 2001, Füreder et al. 2002, Füreder et al. 2003), and used for further analysis 
for answering the above mentioned questions.

Results

With the inventory of 344 streams and rivers (1159 km) and the habitat assessments of 354 
reaches (from 33 streams and rivers comprising 187 km) in randomly selected running waters in 
protected areas in Austria (Hohe Tauern National Park) and Italy (Naturpark Rieserferner-Ahrn) 
(Füreder & A mprosi 2001, Füreder & V acha  2001, Füreder et al. 2001,), a comprehensive 
characterization of alpine streams and a database is available which resulted in a typology of Alpine 
running waters (Füreder et al. 2002). The defined stream types are based on the origin, hierarchy 
and channel/catchment morphology, together with the detailed characterization from habitat 
measures, and provide important information for the definition of reference conditions for impact 
measures and for the evaluation of the ecological status of alpine streams. The principal 
components of the abiotic milieu of river ecosystems - hydrology, temperature and channel 
morphology - reflected regional-scale climate and geology.

When we looked into the structure and function of Alpine running water ecosystems, four main 
factors were found to be responsible for species numbers, abundances and diversity (Fig. 1): time 
since glaciation, temperature, channel stability and nutrient / food availability. Results from several 
investigations indicated that these factors had a pronounced effect on ecological conditions in these 
systems.

Fig. 1: a) Alpine stream types and b) factors responsible for the structure and function of 
running water ecosystems.

Alpine streams were found to be extreme environments and to be located on the declining limb of a 
harshness-diversity curve (Fig. 2). Decreasing environmental harshness (e.g., due increasing 
groundwater influence, decreasing glaciation) favours overall biodiversity, which also is expected to 
occur as a potential effect of climate change. After considerable alterations of flow patterns as well 
as temperature and channel dynamics, the relative contribution of channel types providing 
numerous refugia for the aquatic fauna will increase with the continued glacial retreat. The 
occurring flora and fauna will indicate a less harsh environment.
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Fig. 2: Scenario of climate change effects on the abiotic factors and consequently on structure 
and function of aquatic biocenosis (here as diversity) in alpine streams. Alpine streams are 
situated along the right slope of the curve, where environmental harshness is moderate to 
extreme, depending on the glacial influence. In glacial streams (KRYAL) the environmental 
factors, like flow dynamics, temperature, nutrients, are most extreme and therefore only 
few but highly adapted species can be found. In spring-fed streams (KRENAL) and in 
snowmelt and rainfall induced systems (RHITHRAL) because of moderate environmental 
conditions the existence of many species is possible. Only when the environmental 
harshness is low, freshwaters can get very productive, single species are promoted 
resulting in lower species numbers but usually with high abundances. Climate change 
effects would alter the Situation: glacial retreat would reduce the glaciation of the 
catchment, diurnal and annual dynamics of flow would decline. The duration of snow cover 
is expected to be reduced. As a consequence, the production both in the stream and in the 
catchment, respectively would increase and consequently favour nutrient and food 
availability for the aquatic fauna.

Results of our investigations demonstrate how alpine running water systems and their biota can be 
regarded as catchment-scale integrative monitors for a set of hydrological, thermal and biotic 
variables variables that might be modified by climate change. Since current climate change 
scenarios indicate proportionally more detectable impacts at both high altitude and latitudes, alpine 
running waters can be regarded as research foci in the context of climate change and their 
communities considered to be as much under change as other biological communities.

Discussion

The herein presented research covers a wide spectrum of themes in stream ecology, ranging from 
general ecological questions as structural and functional aspects in running water systems (habitat- 
biota-relationships, food availability and food web structure) to more specific topics, like river 
typology and the definition of reference conditions. These results provided a substantial basis to 
approach accurate subjects in ecology, like structure and function of ecosystems, biodiversity, 
climate change effects and environmental impacts.

Alpine stream ecosystems have been proposed as sensitive indicators of climate change and 
anthropogenic impacts (McG regor et al. 1995). Albeit scattered information existed from European 
limnologists early in the last Century, only few holistic ecological studies have been carried out on 
alpine streams. Recently, greater attention has been given alpine streams in response to increased 
recognition of the important role that these headwater streams play in major river systems 
throughout the world, and the vulnerability of these streams to local and regional environmental
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change (e.g., associated with changes in adjacent land use, acid and nutrient deposition, global 
climate patterns).

Our accomplished research in alpine streams provides essential knowledge for the assessment of 
biodiversity in alpine catchments. Besides well known and easily applicable parameters of the 
aquatic fauna (like taxa number, diversity, abundance) functional relationships (e.g., species traits 
vs. autochthonous production and/or habitat templates) in alpine stream communities are still 
poorly understood. Further investigations including field and laboratory experiments should 
approach these topics. Investigations ofthe distribution and ecology of Alpine aquatic invertebrates 
are of major concern when long-term monitoring is planned to elucidate climate change effects and 
human impacts. Without a profound knowledge in the taxonomy of aquatic invertebrates together 
with their biological and ecological traits, clear and satisfying results would not be achieved. 
Continued monitoring efforts would help on building reference collections for comprehensive 
biological and ecological data of species, the essentials for the quality of indicators of 
environmental change.

With the existing knowledge gained from our studies in streams and rivers in high altitudes in 
protected areas in Austria (Hohe Tauern National Park) and Northern Italy (Naturpark Rieserferner- 
Ahrn) it will be possible to model potential climate change effects and to differentiate 
anthropogenic effects from climate effects. As introduced herein, future research should encompass 
both short-term intensive studies and long-term monitoring studies developed within 
comprehensive experimental arrays of streams and lakes specifically designed to address the issue 
of anthropogenic versus climatic effects. Especially, in larger protected areas, like the Hohe Tauern 
Nationalpark, the conditions for these applications can be found, and when research is carried out 
in correspondence of current national and international research, these topics will meet high 
scientific value.
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Remote sensing based monitoring of the 
Natura 2000 site Niedere Tauern

Heinz Gallaun, Claudia Praschk, Peter Sackl, Mathias Schardt

Abstract

Information on alpine Natura 2000 sites frequently fails to meet decision-makers' requirements, 
since comprehensive, systematic and comparable data acquired over longer periods of time are 
available only in exceptional cases. The present project thus focused on developing remote sensing 
based methods tailored to the mapping and habitat assessment of large-scale alpine protection 
areas. These methods were implemented in the Natura 2000 site "Niedere Tauern" designated as a 
SPA according to the EU Birds Directive. The following results are now available:

♦ Criteria catalogue for comprehensive data coverage

♦ Colour infrared orthophoto mosaic

♦ Land cover map at 1:10,000 scale

♦ Knowledge-based habitat models for 13 bird species listed in Annex I ofthe EU Birds Directive

♦ Remote sensing based monitoring system for the assessment of habitat changes

♦ Natura 2000 decision support system‘for the Niedere Tauern protection area

The developed methods can easily be adapted for application in other alpine protection areas.

Keywords

Natura 2000, Niedere Tauern, alpine SPA, remote sensing, land-cover classification, monitoring 
changes, GIS, knowledge-based habitat models

Introduction

The Niedere Tauern ränge forms part of the Austrian Central Alps and rises between the Enns 
Valley in the north and the upper Mur Valley in the south. The region is characterised by the close 
vicinity of natural and cultural landscapes, which evolved in centuries of extensive agricultural and 
forestry use. The Natura 2000 "Niedere Tauern" region is classified a "Special Protected Area 
(SPA)" according the EU Birds Directive. The region is home to a total of 16 breeding bird species 
listed in Annex 1 of the EU Birds Directive (Sackl & Zechner, 1995). Large parts of the Niedere 
Tauern bird protection area are also listed as protection areas in the Fauna, Flora and Habitats 
(FFH) Directive. Covering an area of 107,000 hectares, the Niedere Tauern region is the largest 
Natura 2000 protection area in Styria.

The project was commissioned by the Government of the Province of Styria within the EU- 
cofinanced IPAM  (Integrative Protected Area Management) project. The multidisciplinary work 
was carried out by Joanneum Research (project management, remote sensing, geo-informatics) in 
cooperation with Landesmuseum Joanneum (ornithological aspects), the University of Graz (habitat 
assessment) and the Styrian Government (nature conservation specifications) (Gallaun et al., 
2005).

Criteria Cataloaue

As basis for the work, a criteria catalogue with detailed specification of the nomenclature and the 
data sets to be derived was elaborated by the multidisciplinary project team where those 
parameters were selected, which

♦ are required for nature conservation work,

♦ can be mapped using remote sensing or can be derived from existing information,

♦ can be generated for the entire Natura 2000 Niedere Tauern area at justifiable expense (total 
area of 120,000 ha, including border areas).
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For the detailed specification of the parameters, a comprehensive literature search of the habitat 
requirements of 13 Annex I bird species selected for the nabitat assessments was performed 
(Praschk, 2004).

Use of remote sensing and aeoinformatics for comprehensive data coveraae

Flight missions with colour infrared (CIR) film were performed to create a colour infrared 
orthophoto mosaic. The land cover was classified by means of on-screen visual interpretation. All 
other parameters were automatically derived from the digital terrain model and the land cover data 
using geoinformatics methods. The following data sets were generated according to the 
specifications ofthe criteria catalogue:

♦ Colour infrared orthophoto mosaic with a spatial resolution of 0.5 m per pixel

♦ Land cover map at 1:10,000 scale

♦ Parameters derived from the digital terrain model

♦ Structural parameters derived from land cover mapping

The developed cost-effective methods are suitable for comprehensive data coverage and can be 
readily adapted to other alpine protection areas.

Landscape-Ievel habitat suitabilitv models

According the requirements of the nature protection department of the Styrian Government, 
landscape-level habitat suitability models were developed for the following 13 species listed in 
Annex I ofthe EU Birds Directive:

♦ Dotterel

♦ Rock Partridge

♦ Ptarmigan

♦ Bluethroat

♦ Golden Eagle

♦ Black Grouse

♦ Capercaillie

♦ Tengmalm's Owl

♦ Pygmy Owl

♦ Three-toed Woodpecker

♦ Grey-headed Woodpecker

♦ Black Woodpecker

♦ Hazel Grouse

The habitat models were defined on the basis of literature searches and the expert ratings of the 
ornithologists involved in the project. Habitat suitability for all parameters was coded separately for 
the 13 bird species in matrix form. As opposed to case-based habitat models, which require 
comprehensive empirical observation data, the developed rule-based habitat models use empirical 
observation data only for the verification of the assessment results.

Habitat Monitoring

In order to monitor the implementation of the EU-birds and FFH directives, the member states are 
required to submit reports to the EU Commission at six year intervals. In view of these 
requirements, methods were developed to detect changes in land cover and to assess the resulting 
changes in habitat suitability. For detecting severe changes, which cause a significant change in 
reflection properties, semi-automatic classification of satellite imagery is applied. The 
implementation is much more cost-effective than the initial land cover mapping, since the existing 
land cover data are used as a basis and only the changes are classified. Areas affected by long 
term succession processes at the alpine tree-line which lead to only small changes in reflectance 
within the 6 year reporting period are not assessed by this change detection approach, but are 
mapped by visual interpretation. The effects of the land cover changes are then assessed through 
repeated application ofthe habitat models and comparison ofthe assessment results.

The developed methodologies thus allow to assess the presence ofthe habitat structures required, 
the location, size and distribution of potentially suitable habitats, and the temporal and spatial 
changes in habitat suitability for 13 annex I bird species. The methods do not, however, provide 
information about the population dynamics.
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Niedere Tauern Decision Support System

To allow efficient use of the comprehensive project results, a decision support system was 
implemented, which is based on the ArcMap and ArcReader Software. The main functionalities of 
the system include on-screen visualisation, generation of cartographic output and database 
queries. All project results are integrated in this GIS based decision support system and can be 
directly linked with further data of the Styrian Government in order to support the management of 
the Natura 2000 Niedere Tauern protection area.
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Research becomes public: The use case of WebPark

Ruedi Haller, Christophe Rhin

Abstract

Thanks the EU research project „WebPark Geographically relevant information for users in 
protected areas", the Swiss National Park (SNP) has established a mobile digital visitor information 
system called WebPark2005. The system was developed as prototype and could be a model for 
protected areas. The overall aim of the system is to provide visitors in protected areas with location 
based information. A common personal digital assistant (PDA) with an integrated GPS is used.

The current Version of WebPark2005 integrates the following applications: A topographic map and a 
profile ofthe selected trail allow the cartographic overview. On request, a "search around"tool lists 
the available information around the current position. This tool integrates thematic map 
information (e.g. distribution of mountain ungulates) as well as general information (e.g. general 
description of the selected animal). A interactive tool allows the visitor to störe and send their own 
observations to a Server in the National Park house. If wanted, the observation can be submitted to 
other online users of the system. This tool is used for survey purposes by the administration staff 
as well. Moreover, a virtual natural trail on wildfire and a classification key for butterflies has been 
integrated.

The integration of existing GIS data and information was an explicit task of the project. The huge 
knowledge from research could be offered to the guests, obviously filtered and redesigned.

WebPark was a successful project, not only due to the completion of a number of technical tasks. 
As important as the technical work was the work on additional components like the accurate 
definition of user needs and the continuously collaboration with the staff of the protected areas. 
The combination of nature and high technology was on interest for media. Due to the overall 
positive feedback it was possible to find sponsors for the next years to maintain the system in the 
SNP without project support. Further development shall integrate tourism relevant information too.

The project WebPark

The EU research project "WebPark Geographically relevant information for users in protected 
areas" has been started in autumn 2001 with the aim to demonstrate the possibilities of a Location 
Based Service (LBS) for leisure and Professional users in recreational and protected areas. 
Therefore, visitors of natural areas and parks should be provided with information about their 
surroundings using smart phones or personal digital assistants (PDA) and GPS. The objectives were 
divided in two main directions: (1) Developing a prototype for the test sites and (2) investigating 
intensively the user needs and reactions. Moreover, the potential of the service should be tested 
under the premise of policies on conservation and safety in recreational areas.

The project consortium was composed of six partners from five European countries: Geodan Mobile 
Solutions (NL), European Aeronautic Defence and Space Company EADS (F), the City University 
London (UK), the Geographical Institute of the University of Zürich (CH), Laboratörio Nacional de 
Engenharia Civil (P) and the SNP as the main test site. The other test site was established on the 
island of Texel (NL).

User needs and information strategies of protected areas

The visitors of protected areas were identified as the end users of the LBS. Therefore, the main 
questionnaire was distributed within the subscribers of the journal of the SNP and on the park's 
website. It has to be pointed out that most of the visitors could only react from the basis of their 
imagination what an LBS could serve for, as the service not yet had been established in the first 
year and LBS at that time was not commonly used.

In situ monitoring showed in the SNP, that 95% of all visitor groups carry a mobile phone at least 
for safety purposes. Out of 1000 responses of the questionnaire of the journal subscribers, 23% 
wanted to use such a digital mobile service, 24% would like to use it for safety reasons and 37% 
refused the use of a PDA in the SNP. 10% could not imagine, how the service would work (Krug,
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A bderhalden et al. 2003). The possible contents were also evaluated: Safety information was rated 
with the highest priority, followed by possible locations for the observation of wild animals in the 
SNP, topographic and thematic maps with the current position of the visitor and location based 
information. A possible virtual natural trail was not highly prioritised (see Table 1).
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Virtual trail guided by a PDA 2,5 19,8 28 ■
Tab. 1: Possible contents of a Location Based Service in the Swiss National Park and the weighting by visitors.

The needs on information technology from protected area management were collected with online 
interviews among an expert panel composed by sixty-seven park administrators of distinct 
protected areas in Europe. The goal was to collect their assessment of the challenges related to the 
(over)exploitation ofthe park resources, and the introduction of targeted information Provision tool 
for park sustainability. 22.4% of the information management in protected area (n = 67) have 
defined the importance of information as "fundamental", 70.1 % still as "very important". No single 
park is defining the importance as "neutral" or "not important". Different techniques are used to 
make information available outdoor, mostly guided tours (88.1%) and info boards (94.0%). 
Although 89.6 % of the areas are maintaining a website, only 17.9% are planning to provide 
visitors with digital information outdoor in a long term perspective (D ias , B einat et al. 2004).
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Functionalities

Based on the questionnaire and first tests in the SNP in 2002 the following core functionalities were 
developed:

1. A mapping tool provides the user real time with their position on different topographic maps and 
on the profile ofthe trail. Moreover, the current Coordinates can be listed.

2. Features of Interest (FOI) were integrated and mapped on request. Additionally, more general 
content (e.g. species descriptions) can be integrated as texts, images, films or audio files. The 
content of the FOIs in the SNP application is mostly based on existing content from the GIS or 
information department. In the SNP, a virtual trail on wildfire was developed for 2005, based on 
research activities and results.

3. All current observations and information outdoor can be forwarded to other users of the system 
with geographical bookmarks. A specific approach is the development of a butterfly application, 
which allows the user to identify occurring butterflies with a classification key. The observation 
can be stored and transmitted online to a Server in the national park house.

All the tools had to be developed with the limited resources of a PDA like power availability, 
processor speed and screen size as well with a limited availability ofthe mobile network. Therefore, 
the involved institutes focused on these scopes. The user interface is based on the functionalities of 
the Internet Explorer and was improved with many hints of test persons (see Fig.).
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Fig. 1: (1) User interface of Webpark: With 9 symbols the user will be guided to the most important 

applications.The map (2) and the route profile (3) with the current position. The top 20, the interactive 
list with the most important key words for the SNP (4). Some explanations on effects of wildfire (5).

The acceptance of the project

The project was launched as a technical research project. Including a protected area as a partner in 
the consortium illustrates the awareness of the complexity (not only for technical but also for social 
reasons) to build a bridge between natural environment and high technical tools. The project had 
the aim to adapt visitors and park managers reactions. The initiating phase showed mainly 
sceptical or denying attitude. Like many of the visitors managers thought that there is a 
mismatching of mobile devices in protected areas. Further, they explained that the conservation 
policies concerning information, communication and geographically based education could be 
achieved with other solutions. Nevertheless, the acceptance of the new service has grown. In 
autumn 2004, the SNP has decided to continue the service at least the next three years. A set of 
strong arguments helped to change the attitude:

The possible impacts of this new instrument could come along with the reduction of other 
impacts. For example, the number of information boards can be reduced and therefore the 
impact reduced by using the new technology. This argument is the strongest one in relation to 
the conservation strategy.

The tests in 2004 showed clearly, that younger people - a target group in the information 
strategy of a protected area - prefers the use of such a device compared with traditional media.

The protected areas have a strong economic value. They have to follow economic principles of 
expansion and investment. More and more, the visitors satisfaction will be an important value of 
the existence of a protected area. The visitors of protected areas will receive additional 
information, which is not available in not protected, managed and investigated areas.
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An interactive process has been started, integrating the knowledge of visitors in the survey 
processes.

There is an added value of monitoring data and GIS data layers, if they are also used for 
information purposes.

Conclusion and outlook

The conclusions for the project WebPark might be distinguished into two parts:

1. Does a service as presented could help to spread research results and the need for research in 
protected areas?

2. Did the WebPark research project became accepted as a substantial research work?

For (1) the answer is not yet fully deployed: Visitors appreciate the possibility to be informed about 
research results. And WebPark offers a media, which is highly predestined to present these results 
of research, because different types of information can be integrated and the visitors interest is 
higher out in the area than elsewhere. Nevertheless, unfiltered and redesigned results can not be 
integrated. Therefore, other types of media could also be used to provide the public with 
information. Moreover, no media is the unique one for all visitor types in protected areas.

For (2), the public acceptance of the project idea and its results was the key for the success of the 
use case WebPark. The decision of the quality and success might differ from different perspectives. 
Although it might not be a "typical" research project for a protected area, the project has shown 
that different opinion leaders might influence the overall success. A key to success was the high 
presence of the press in the last months of the project. The combination of high technology and 
natural environment was highly appreciated by the media s.o.. Several journalists have reported 
on WebPark. The overall opinion was very positive. This has been accepted by official bodies after 
the acceptance through the public.

The further success of WebPark2005 will also depend on the possibilities to integrate more general 
tourism information. A close collaboration of tourism and SNP managers will be necessary to 
provide the tourist with all information needed for his stay and mobility in the area.
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Long-term ecological research in protected areas: the example of 
Alpine ibex in the Gran Paradiso National Park

Achaz von Hardenberg, Bruno Bassano

Abstract

As an example of a successful Long Term Ecological Research (LTER) in a protected alpine area, 
here we present the main results of the long term researches on Alpine ibex (Capra ibex) in the 
Gran Paradiso National Park (GPNP). More than 45 years of regulär censuses permitted to test the 
relative importance of density-dependence and climatic factors on ibex population dynamics. Using 
an out-of-sample prediction test it was possible to assess the long-term predictive power of a 
simple model incorporating snow depth and population density. The long-term systematic collection 
of ibex skulls, found dead for winter starvation, permitted the discovery that horn growth is a good 
predictor of the onset of senescence in males. The repeated measurement of body weights of 
individually tagged ibex, using a remotely controlled platform scale, and the regulär monitoring of 
fecal egg counts of nematode parasites over many years, are providing new insight on the- 
individual variability in these life-history traits. The ongoing LTERs on Alpine ibex in the GPNP are 
providing essential information on the factors influencing the population dynamics and life history 
of this species.

Keywords

Long term research, LTER, Alpine ibex, Gran Paradiso National Park, Population dynamics, survival, 
senescence

Project aims and duration

Long term data on population dynamics and life history of large herbivores are essential for their 
conservation and management. Alpine ibex (Capra ibex) is the flagship species of the Gran 
Paradiso National Park where it has been the subject of ongoing long term ecological researches 
(LTER) with the aim of understanding the main factors regulation the population dynamics and the 
life history of this species. Regular censuses have been conducted in the GPNP since 1956. We 
examined ibex skulls collected between 1988 and 1997. The ongoing Alpine ibex life history 
research project started in 2000.

Area of study

The GPNP was established in 1922 in northwestern Italy (45° 25'N, 7° 34'E), in part to protect the 
only surviving population of Alpine ibex. The park is bounded on the west by the Parc National de la 
Vanoise in France. The GPNP is composed entirely of mountainous terrain and is sparsely populated 
by humans. Alpine pastures, moraines, cliffs, glaciers and rock account for 59% of its 720 km2 
area. Ibex use elevations ranging from about 800m above sea level to beyond the upper limit of 
Vegetation at about 3200 m. Long term data on the life history of individual ibex are being 
collected on free-ranging individually tagged alpine ibex males (N = 83), in the study area of 
Levionaz, Valsavaranche (GPNP). Most of the Levionaz study area lies above the tree line, above 
2300 m a.s.l.

Methods

A total count of alpine ibex is conducted in the GPNP each year at the beginning of September, 
along trails and from fixed locations within each surveillance area. Ibex skulls of animals found 
dead for winter starvation, are systematically collected and conserved in the GPNP. The exact age 
at death in years was determined by counting the clearly separated growth annuli. The length of 
each annulus was measured for both horns, along a central line on the back of the horn. Alpine 
ibex males aged 3-16 years were life-captured with a dart-gun in the study area of Levionaz 
(GPNP). The captured individuals were marked uniquely with different combinations of coloured 
ear-tags or with differently coloured radio-collars. Individual males in Levionaz were repeatedly 
weighed from June to September each year with an electronic platform scale baited with salt
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(Bassano et al. 2003). Faecal egg counts of nematode parasites (FEC) were estimated twice a 
month from all individually tagged males in Levionaz in 2000-2004. Survival of each individually 
tagged ibex is monitored every year.

Results

More than 45 years of regulär censuses permitted to test the relative importance of density- 
dependence and climatic factors on ibex population dynamics. Yearly changes in total population 
were correlated with seasonal average snow depth and population density over the 39 years for 
which climate data were available. Our results show that the ibex population size was limited by 
both density dependence and deep snow. A model based on these factors fit to the first 19 years of 
data was used to forecast subsequent changes in total population based on initial population size 
and yearly snow depth. The model was able to predict the increase and subsequent decline in total 
population size over the final 20 years of the study (Jacobson et al. 2004).The long-term 
systematic collection of ibex skulls, found dead for winter starvation, permitted to test the 
hypothesis if the size of horn annuli predicted annual survival probabilities in males. Between 5 and
11 years of age, individuals that grew shorter annuli than the population average had a greater 
probability of mortality over the following years than males with greater rates of horn growth. 
Annulus size, reflecting the onset of senescence, appeared to be a good indicator of individual 
quality in Alpine ibex males (von Hardenberg et al. 2004). The long term Alpine ibex life-history 
research project conducted in Levionaz showed that between-individual variability in FEC was 
higher than within-individual variability in all five years of study suggesting individual differences 
in parasite resistance, possibly of genetic origin. Body mass increased with age peaking at 12 
years, suggesting late maturity in this population. The number of nematode eggs in faeces also 
increased with ibex age but appeared to peak after 12 year of age. Reduced parasite resistance 
may be a cost of reproduction for older males or a sign of senescence (von Hardenberg, 2005).

Discussion

Many ecological processes can only be fully understood if studied over long temporal scales. Also 
ecological changes, crucial for conservation, can only be detected with adeguate long term 
monitoring. Despite their importance, however, long-term ecological researches (LTER) are not 
common because they require the long-term commitment of human and financial resources. The 
lack if immediate short-term benefits of LTER may have further discouraged their implementation.

The LTERs and monitoring prjects on Alpine ibex in the GPNP are providing essential information on 
the factors influencing the population dynamics and life history of this species. We believe that this 
knowledge will be useful for ibex conservation and management beyond the borders of the GPNP. 
Protected areas in the Alps offer great opportunities for LTER. National and natural parks typically 
can rely on the long-term work of qualified park wardens. Furthermore parks generally have a 
tradition in the long-term monitoring of species and habitats.
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Toward a Guiding Principle "Recreational Use" 
The Protected Area Berchtesgaden National Park within the Region

Sabine Hennig (1}, Michaela Künzl (2)

(1) Institut für Geographie FAU Erlangen-Nürnberg, (2) Nationalpark Berchtesgaden

Abstract

Nature conservation and recreation are two purposes of protected areas. The relationship is 
complex and sometimes adversarial. To avoid and minimize conflicts visitor guidance is relevant. 
According concepts must be based upon general conditions of e.g. natural landscape, cultural 
history, social-economy and human needs. Understanding of recreation is also relevant. Another 
aspect to consider, national parks can give drive to, is regional development. However, 
management objectives shall not only lead to singulär visitor management concepts. Important is 
one guiding principle as a concrete picture of the desired future state. To concretise a guiding 
principle data and information about recreation e.g. infrastructure and visitors is essential. The 
acquisition needs support of institutions located in the surroundings of the protected area. In this 
context the importance of recreation within the region can lead to development and expansion of a 
culture of collaboration. An exemplary project is worked out for Berchtesgaden National Park. 
Although the park plan adopts guidelines focusing on recreation it includes no guiding principle. To 
achieve this, listings of recreational infrastructure and use as well as visitor numbers and 
characteristics must be acquired. As a part of the EuRegio Salzburg Berchtesgadener Land 
Traunstein the German Berchtesgaden National Park borders the Austrian Bundesland Salzburg. 
Thus it must be strived for international-regional collaboration.

Background: Changing Times, Demands and Concepts

The link between protected areas and tourism is as old as the history of protected areas: Protected 
areas need tourism tourism needs protected areas. This relationship is complex by the basic 
meaning of protected areas. Focusing on the two primary protected area purposes nature 
conservation and recreation, the last mentioned is a critical component to consider. In the 
management of protected areas it is a major issue (IUCN 2002, UNEP 2005).

In the last decades society changed towards a recreational society. With the growth of the touristic 
and recreational sector the demand for nature-related activities increased (IUCN 2002). Today 
pressure upon nature and landscape arising from recreation are among the most relevant. 
According changes and developments are also affecting large protected areas: For years they have 
observe visits by rising numbers (Nelson & S erafin 1997). Therefore, the importance of managing 
resources and visitors is even more a key message (IUCN 2002). To apply adequate measures it 
needs the guidance by one overall guiding principle. To concretize this Vision of the desired future 
Situation, including diverse singulär concepts to get there, the understanding of protected area 
recreation is essential. General conditions and altered circumstances must be investigated. In the 
broader context of the natural and cultural environment it requires many different kinds of 
knowledge, interests and values. Toward this it is helpful to first identify and analyse existing 
linkages between recreation and the protected area in a broader sense. In a second step relevant 
data and information must be collected.

Recreational Use in Berchtesgaden National Park

For Berchtesgaden National Park (see figure 1) in recreational use is to be seen a major threat. 
This use is characterized by changes mentioned above. The park plan of this large protected area 
(StMLU 2002) adopts only guidelines focusing on recreation inside the park area. To incorporate 
management objectives adequate to changes and demands in recreation, an overall guiding 
principle should be elaborated. Right now the description of recreational use inside the park region 
is based on only few information (see park plan: StMLU 2002) and some (estimated) visitor 
number (e.g. compare Job , Metzler & Vogt 2003: 1,13 visitors/a). The InterReg lila  project 
"Euregional Recreational Area Berchtesgaden National Park / Salzburger Kalkalpen" (duration: 
5/2005 - 12/2006) makes needed data and information available.
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Nationalpark
Berchtesgaden

Location:
South-East of SRO; Bundesland Bavaria 
Sordering the Austrian Bundesland Salzburg 
Part of the EuRegio "Salzburg - 
Berchtesciadener Land • Traunstein”

Size:
210km2 

Key Data:
1907 Plant Protection Area 
1921 Nature Protection Area 
1978 National Park 
1990 Biosphere Reservat 

Legal Basis:
National Park Ordinance 
BayNSchG 
lUCN-Guiöelines 
Alp Convention 
FFH-Guidelines 
European Diploma 
etc 

Zoriification:
Core Zone 66 %
Temporary Buffer Zone 9 %
Buffer Zone 23 %

Nature Conservation 
Research
Environmental Education 
Recreation

Fig. 1: Overview "Berchtesgaden National Park"

Relationship-Cube ''Recreational Use"

As a starting point, must be established a better understanding of the recreational use concerning 
the park area. To achieve this it is helpful to analyse existing linkages between recreation and

activity (hiking, biking, skiing etc),
spatial areas (protected and surrounding area),
institutions (park administration and other stakeholder).

The different links can be illustrated as a relationship-cube (see figure 2).

Within park management the focus is frequently on the interrelated and overlapping concepts of 
recreation and nature conservation. It can be observed, that conventional management and 
planning procedures that focus on activities only within protected area boundaries are insufficient 
to content with the actual developments. Successes have been achieved by emphasizing linkages 
among protected areas, the surrounding areas and planning regions (N elson & S erafin 1997). 
Protected areas are part of their region in ecological, economic, social, educational, infrastructural 
and other sense. They must be understood, planned, managed and decided upon as an integral 
part of the regional context in which they find themselves (Nelson & S erafin 1997). Existing 
dynamics must be incorporated in the different processes much more intensively. By 
communicating and working with a broad ränge of regional stakeholders much can be done much 
to ensure that recreation works for the park as well as for the people living in it or nearby (IUCN 
2002).

In resume treating recreation for Berchtesgaden National Park the location of the protected area 
plays an important role: Being part ofthe EuRegio Salzburg - Berchtesgaden Land - Traunstein the 
German national park borders mostly the Austrian Bundesland Salzburg. Thus cross-border 
approaches are relevant: The park area, the German transition zone and the neighbouring Austrian 
area must be considered.
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W inter

Area

Park Area Park
____  Surroundings

____________Germany_______Austria_______

/ Example
Within the park area the German Alpine 
Association (DAV) maintains serval refuges 
for hikers. Recreational use is thereby directlya

mm

Park Area
/ Communication and collaboration with this 
f association is relevant for the park managment.

Fig. 2: Relationship-Cube "Recreational Use" for Berchtesgaden National Park

"Recreational Use"-Data

Recreation can be analysed by Splitting this abstract object in relevant aspects. This illustrates the 
"Recreation-Model" in figure 3.

Human Being

Activity

Temporal Presence
(Day-Time, Season, Duration)

Spatial Presence
_______________ (Infrastructure)____

Fig. 3: Recreation-Model
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Based on the recreation-model and the relationship-cube, relevant data can be identified and 
collected. Insight in to the relationship between the data is given by figure 4. All (spatial, temporal, 
attribute) data concerning stakeholders, recreational infrastructure and visitors is managed by 
databases. Thereby for all responsible within the region (park and surroundings), data use, 
analysis and availability is simplified. By the help of diverse Software programs (e.g. GIS, 
Statistical applications, tools for Simulation) all data and information can be brought together to 
give an exhaustive overall picture of recreation usage and utilization within the park area.

German
Stakeholder

National Park 
Administration

Austrian
Stakeholder

Responsible <- Infrastructure
Routs 

Parkings lots 
Refuges 
Crests 

Viewpoints

-► Visitors

Numbers 

-► Characteristics 

Activity

Attnbutedata Spatialdata (Time-depending) Aftributedata

Fig. 4: "Recreational Use"-Data-Sources for Berchtesgaden National Park

Conclusion

Analysing relationships focusing on recreation can help to build up partnerships. All-embracing 
Situation descriptions enable the elaboration of guiding principles for protected areas within its 
regions. To involve surrounding areas and other stakeholder can be looked upon favourably. This 
can give drive to a regional culture of collaboration and is definitely a factor for success in 
protected area management.
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Building-dwelling bats in the Nationalpark Hohe Tauern 
(Carinthia, Salzburg, Tyrol)

Maria Jerabek, Ulrich Hüttmeir, Josef Kreuzberger, Anton Vorauer, 
Christoph Wälder, Guido Reiter

Abstract

We studied the species composition of bats in the higher altitudes ofthe Nationalpark Hohe Tauern 
in the Austrian Alps in 1998 (Salzburg), 2002 (Carinthia) and 2003 (Tyrol). 457 buildings at 
altitudes between 1000 and 2000 m above sea level were surveyed. The following species were 
found: Myotis brandtii, Myotis mystacinus, Eptesicus nilssonii, Vespertilio murinus, Pipistrellus 
pipistrellus/pygmaeus and Plecotus auritus/macrobullaris. Bats were found in 7.6 % ofthe checked 
buildings, faeces of bats in 22.2 %. In Carinthia 37 % of the buildings had been used by bats, in 
Salzburg 32 %, in Tyrol only 12 %. Overall, whiskered bats dominated (M. mystacinus/brandtii), 
followed by Eptesicus nilssonii, and some individuals of Pipistrellus sp., Plecotus sp. and Vespertilio 
murinus. Myotis brandtii was not recorded in Tyrol, whereas Vespertilio murinus was only found in 
Tyrol. Within a species, individuals were found at higher altitudes in the Southern parts than in the 
northern parts of the national park. As the roosts in the national park predominantly hold single 
individuals the potential threats for the bats are not as eminent as in the surrounding valleys. The 
valleys and villages at the edge of the national park, however, are very important for the bats of 
the region, especially in Salzburg.

Keywords

Bats, altitudinal distribution, species composition, Nationalpark Hohe Tauern, Austria 

Background and Project aims

The first systematic summer investigations of bats in the national park took place in Salzburg in 
1986. In the 1990-ies the adjacent valleys of the national park region Hohe Tauern have been 
studied quite thoroughly in Salzburg, Carinthia and Tyrol, but not the higher altitudes of the 
national park. To investigate possible changes in the bat community of the Salzburg part, the 
national park valleys where reinvestigated in 1998. In 2002 the Carinthian part ofthe national park 
and in 2003 the Tyrolean part ofthe Hohe Tauern were surveyed.

The aim of the studies was to investigate the species composition of the bat fauna in the three 
parts of the national park, to assess the numbers of individuals and preferred roost types, and to 
investigate potential differences between the northern and Southern slope ofthe central alps. Given 
these results we identify potential threats for the bat community and conservation measures to 
preserve the bat fauna ofthe protected area and its surroundings.

Study area

The study took place in the Nationalpark Hohe Tauern, a 1836 km2 protected area in Carinthia 
(420 km2), Salzburg (805 km2) and Tyrol (611 km2), which has been nominated as a Natura 2000 
site of the European Union in 1995. The national park extends 100 km in the east-west direction 
and 40 km in the north-south direction. Altitude ranges from 1.010 m to 3.798 (Großglockner, 
highest mountain of Austria). The area covered in the present study area comprised most of the 
important valleys ofthe national park in Carinthia, Salzburg and Tyrol, concentrating on elevations 
between 1000 and 2000 m. Most of the investigated area consists of forest in the lower parts and 
mountain pastures in the higher regions.

Methods

A total of 457 buildings was checked for the presence of bats by searching all potential roosts (all 
sorts of crevices, attics if possible) for faeces (indirect proof), living or dead animals (direct proof). 
In Salzburg 183 buildings were investigated in 1998 (13 days, mostly in July), in Carinthia 179 
buildings were checked between June and August 2002 (11 days), and in Tyrol 95 buildings were
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controlled in July 2003 (2 days). The roost records were divided into roosts of single individuals 
and maternity roosts (juveniles, lactating females). When possible, living animals were caught for 
species identification. During the study we did not distinguish between Pipistrellus pipistrellus and 
Pipistrellus pgymaeus as well as between Plecotus auritus and Plecotus macrobullaris. The 
determination of Myotis brandtii and Myotis mystacinus was only possible, when the individual was 
caught, all the others are referred to as Myotis mystacinus/brandtii. Species identification from 
faeces was not attempted. Instead faeces were classified as coming from either small or medium- 
sized to large species (Chiroptera indet). In addition to the survey of the buildings some mist 
nettings took place.

Results

The vertical distribution of the checked buildings differed significantly between the three parts of 
the national park (p< 0.0001), with Salzburg reaching a mean altitude of 1426 m (ranging from 
1030-1750 m), Carinthia 1612 m (1185-2030 m), and Tyrol 1753 m (1450-1975 m). We found no 
signs of bats in 70.2 % of the 457 buildings. Faeces only were found in 22.2 % and 7.6 % of the 
buildings held alive or dead individuals (Figure 1). These figures were highest for Carinthia, where 
in 37 % of the buildings signs of bats were detected. In Salzburg 32 % of the checks yielded bat 
records and in Tyrol only 12 %. The number of buildings with indirect or direct proofs of bat 
presence decreased with increasing altitudes (Figure 2). Preferred roost sites were alpine pasture 
cabins and hunting huts, where bats were using crevices in roofs, windows frames and shutters 
(Hüttmeir et al. 2003).

Salzburg Carinthia Tyrol

Fig. 1: Number of buildings with direct (individuals), indirect (guano) proof of presence of bats or no records

Six of the 25 Austrian bat species were found to occur in the national park: Myotis brandtii, Myotis 
mystacinus, Eptesicus nilssonii, Vespertilio murinus, Pipistrellus pipistrellus/pygmaeus and Plecotus 
auritus/macrobullaris.

A total of 52 roosting animals were determined, with the whiskered bats dominating the 
community (6 Myotis mystacinus, 4 M. brandtii, 20 M. myst/brand), followed by 13 Eptesicus 
nilssonii, 3 Pipistrellus pip/pyg., 2 Pipistrellus sp., 1 Plecotus sp., 2 Chiroptera indet and 1 
Vespertilio murinus. Myotis brandtii was not recorded in Tyrol, whereas Vespertilio murinus was 
only found in Tyrol. While M. mystacinus dominated in Salzburg, M. brandtii was more abundant in 
Carinthia, and E. nilssonii was observed as most abundant in Tyrol. When including faeces records, 
Plecotus species seem to be more abundant than expected from sightings only. Overall the roosts 
in the national park predominantly held single individuals. We only found one maternity roost in 
Carinthia (Myotis mystacinus, 1616 m), none in Salzburg and Tyrol.

The mist nettings in the national park yielded the following results: In Carinthia (4 mist netting 
sessions) 1 M. brandtii, 4 M. mystacinus, 5 Eptesicus nilssonii were caught, as well as 15 M. 
brandtii, 2 M. mystacinus, just outside the borders ofthe national park. In Salzburg 4 mist nettings 
just outside the national park borders yielded 13 M. mystacinus, 1 E. nilssonii and 1 Plecotus sp. As 
most of the above mentioned 15 individuals of M. brandtii and 13 M. mystacinus were lactating, we 
can assume maternity colonies.

80



2000-2199

1800-1999

1600-1799

1400-1599

1200-1399

1000-1199 -

0 10 20 30 40 50 60 70 80 90 100

Fig. 2: Percentage of occupied buildings (record) at different altitudes (in metres), number of buildings without 
record / number of buildings with record

Discussion

The species composition and roost preference found in the three parts of the national park Hohe 
Tauern is quite similar and seems to be characteristic for subalpine and alpine areas of the alps 
(Holzhaider & Zahn 2001). It is - with 6 species - clearly less species-rich than the lower regions, 
such as the adjacent valleys in the surroundings of the national park (e.g. Salzburg 11 species, 
Jerabek et al. 2005).

The number of occupied roosts in buildings decreases with increasing altitude and most of the 
buildings at higher elevations just house single individuals rather than maternity colonies. The 
maximum recorded altitudes for single species are higher in the Southern parts than in the 
northern part. This is probably due to climatic conditions and the availability of suitable roosts. The 
northern and Southern slope of the central alps face different climatic conditions: at the northern 
slope the 0°C-July-Isotherm is situated about 100 m lower, precipitation is higher, strong winds 
and more cold spells are observed more frequently. Therefore the agriculturally used areas and 
hence buildings are found at higher elevations in the Southern parts. This is mirrored in the 
distribution of bats. We only found one maternity roost inside the borders of the national park 
during the present study (Myotis mystacinus), but some maternity roosts of Plecotus 
auritus/macrobullaris, Myotis mystacinus and Pipistrellus pipistrellus/pygmaeus in Salzburg are 
known around 1250 m, whereas in Carinthia they reach 1600 m. However, records of single 
individuals can reach as high as 2300 m (Ausobsky 1970).

As the roosts in the national park predominantly house single individuals the potential threats for 
the bats are not as eminent as in the surrounding valleys. However, the traditional way of building 
favours crevices and should be kept up. The use of pesticides (including wood treatment) should be 
strictly forbidden in the national park. Overall, the conservation of roosts in the villages at the edge 
of the national park and the adjacent regions is essential for the long-term survival of the bats of 
the region. This is especially true for Salzburg, with two thirds of all maternity roosts of lesser 
horseshoe bats occurring in the villages adjacent to the national park. Hence, the public relations 
work should not stop at the borders of the protected area but help raising awareness for bats to be 
able to take long-term conservation measures.
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The IPAM-Toolbox: An Expert System for Integrative Planning and 
Managing of Protected Areas

Michael Jungmeier, Hanns Kirchmeir, Martin Kühmaier, 
Iris Velik, Johann Wagner

Abstract

"Experience is growing by sharing it". The paper presents a newly developed expert system that 
shall support planners, managers and consulters of Protected Areas (PAs) by a system of self- 
assessment, focused recommendations and a comprehensive knowledge base. The interactive 
"toolbox" provides substantial information on integrative management of PAs by means of new 
information technologies. Developed in cooperation with international partners and organisations 
this expert system aims to be an important backbone for the future development of PAs in Middle 
and Eastern Europe.

Background

The protection of areas and sites is one of the most important instruments of modern, anticipating 
strategies in nature conservation and planning for sustainable rural development. The enormous 
increase of number and acreage as well as the number of types, respectively categories of sites has 
been pointed out repeatedly.

Since planning and managing Protected Areas (PAs) hit many different legal administrative and 
technical realities, the experts in Charge have to face an unmanageable variety of tasks.

♦ Integration of different interests
♦ Diversity of categories
♦ Diversity of technical issues
♦ Diversity of approaches
♦ International requirement and regional demands
♦ Permanent lack of resources
♦ Permanent need of deciding, communicating, marketing, financing and creating benefits

That's why the demand for highly skilled and highly motivated personalities has steadily increased 
within the last years. Many of these PAs' managers and planners see themselves drowning in 
(ir)relevant information, but moan about a significant lack of knowledge. The IPAM-Toolbox intends 
to bridge this gap and has been developed in order to provide focused information for the question 
"what to do, when and how?"

The Toolbox was developed in a large-scale Interreg III B CADSES project, involving partners from 
Austria, Croatia, Czech Republic, Italy and Slovenia. The toolbox is based on explicit demands by 
IUCN (International Union for Conservation of Nature and Natural Resources), Man and Biosphere- 
Program of UNESCO (United Nations Educational, Scientific and Cultural Organisation) and the CBD 
(Convention on Biological Diversity). The development was prepared by an international inquiry 
among some 150 PAs in Middle and Eastern Europe and on expert Interviews (Europarc, IUCN, 
Ramsar, MaB, WWF and many practitioners from different PAs).

Being substantially co-financed by European funds the toolbox is free of Charge and provides up-to- 
date information that is based on an internationally accepted concept. It is applicable for all 
relevant international categories of PAs. The toolbox can be accessed on the IPAM-Homepage 
(www.ipam.info). Furthermore, a detailed technical documentation (Expert System booklet) and a 
demo-version are available. The technical solution is composed by a large variety of IT-tools 
(MySQL, PHP, eZ-publish, performed by a Linux-Server) and is not to be described in this context.
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Fig. 1: The project IPAM - an overview.

Conceptual Solution

As pointed out above, the mass, sometimes the mess of available information is to get clobbered 
over the head. Therefore, expert systems in general, and the IPAM expert system in specific are 
built up in order to reduce complexity and provide focused information only. The IPAM-Toolbox 
consists of three components:

♦ Self-Assessment. In a procedure of self-assessment filters are set up in order to primarily 
eliminate information being irrelevant for the Situation and to (later) rank information by 
importance. A major "side result" of this self-assessment is a clear positioning of the PA in 
different "fields of activities" (FoA). Along the life-cycle of a PA 25 FoAs were identified and 
described. By running through an ideal life-cycle (Preparing, Basic Planning, Detailed Planning, 
Implementation and Management) all FoAs are covered and therefore provide a helpful 
framework to determine the PA's position. In an interactively guided process the user of the 
expert system answers a bündle of key questions to identify the recent position and the evident 
Problems.

♦ Recommendations. On a general level, of course, but highly corresponding to the recent 
Situation of the PA the expert system provides a set of recommendations. These are 
automatically generated by the system. The conceptual structure behind these 
recommendations is the analysis of the difference between FoAs needed in the very Situation 
and the FoAs that really have been executed (well) so far. The recommendations are provided in 
standardised reports. So, they also allow reporting on the progress of the development or 
management ofthe PA (time series). The systems information are illustrated by some examples 
of "best practice" and furthermore lead to the most detailed information that is provided in the 
knowledge base.

♦ Knowledge Base. In a comprehensive database various examples of "best practice", in-depth 
information about literature, projects and available data as well as links and further expertises 
are proposed. The information is automatically ranked by requirements deriving from the self- 
assessment, but also can be selected individually. The content of the knowledge-base focuses 
geographically on Middle and Eastern Europe, but also provides international Standards and 
approaches.
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pre-phase: Development of Idea and Vision 
Feasibility Check
Communication and participation 1 
Incorporation into pA-Systems

Basic planning: planning Handbook 
participative planning 
Communication and participation II 
Basic Investigation 
Implementation plan 
Designation and Establishment

Detailed planning: Mission Statement and Basic Concepts 
Ecosystem-based Management plans 
Design of (Regional) Economic programs 
Specific planning (Subsidiary plans)

Implementation phase: personnel and Organisational Development 
Development of protected Area's Region 
Evaluating Management Effectiveness 
Research Setting and Monitoring 
Data and Information Management 
Optimising Financial Situation (Business plan) 
Information, Interpretation and Education 
Visitor Management, Services and Infrastructure 
Marketing and public Relations 
Co-operation Design 
Communication and participation III 
Impact Assessment and Limitation

Fig. 3: The Fields of Activities (FoA) in PA management - an Overview.
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Interfaces of the IPAM-Toolbox

The technical solution of the IPAM-Toolbox is composed by a large variety of IT-tools. The chosen 
programming language PHP is embedded in HTML and supported by Apache Web Server, a widely- 
used HTTP Server for the internet. SQL is the used query language for relational databases. The 
technical background is supported by a content management system, called eZ-publish, and a 
LINUX operating system.

After the login into the IPAM-Toolbox the Self-Assessment and the Knowledge Base will be 
available. Additional information like a glossary, best practice examples, recommendations and the 
help area with the virtual assistant called IPAM Joe can be queried during the whole Consulting 
process.

Fig. 4: IPAM Joe - the virtual assistant for the users of the Toolbox.
IPAM Joe, the virtual assistant welcomes the user and supports in running through the expert system.

Ba sic  p la n n in o  : CCTM.EO PLÄNNNO IMPLEfv1£NTATION REPORT

« M a l
Gain an overview of all relevant stakeholders, groups and institutions 
that possibly could get affected, inspired or involved into the 
development of a protected area

: Completed

Initiate and promote a process of discussion in order to draw up 
common visions and perspectives for the future ! Completed lÄ s l ä

prevent early misunderstandings in constraints, financing or
categories

Prepare and provide a highly Condensed Version of your idea (max. 
pages). Completed

OUTLINE

In the past, the development of 
many protected areas has fceen 
initiatecä in order to prevent acute 
exploitation oi the site, e.g. by a 
large scaietouristic. project, a 
powerplant, etc. Nowadays, more 
and more protected areas are 
developed against a less 
"defensive" and more anticipating 
background Driving forces may be 
conservationist, scientific or 
economic intentions. Therefore, the 
establishment of a protected area

' :: . ' : ■ ' :

Fig. 5: Screenshot -  Self-Assessment.
The visualisation of the Processing status of the phases and fields of activity is prepared in a user- 
friendly way.
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Fig. 6: Screenshot - progress report.
The progress report shows an overview of the processing status of the phases and fields of activity.

Comnnutiicditittn and parlicfpation I

Specify the target groups (check completenes at least three times) 
and make up order and mode of communication (you cant 
overestimate personal meeting

ij- f<‘$> SS Sb-:«?: : fS-s;.*:«. >;i
* *;* .S. >•••*

..

Visuaiisation o f  communication design.

To enfärge 'cfick on the picture...

The means /  bündle o f means have to be chosen with regards to the target groups. 
At this state o f discussion it is better to use existing networks, structures and media 
than to establish new, A clear distinction has to be made between a core rnessage 
relevant for all and specific information only relevant for specific iriterests, People 
should not be drowned in information. The detailed information may be distributed by 
sectoral or regional requirements.

Fig. 7: Screenshot - recommendation.
For each field of activity recommendations for managing protected areas are suggested.

87



FILTER SEAR'CH - EXACT MATCHES View suggested entrie  ̂ *1

exact matches only 7 ^ m B1

311 entriß- -- ■<• ............  U - i iV  fi all entri< V  relevance
■

v, apply n i t M
”, J';= v̂ ;>V !v«,“:5'~"' '■■> > .'-V̂ '”",''“"" " -V̂ ' ̂ \v,' ' „ , '  ̂' 'ß'~

1 7 of 7 entries for current filter settings ^

lllll D 0 C UMENT/R EP 0 RT/LITERATU R E 2D05/-Ü/4-

Co-management of Natural Resources. Organising, Negotiating and Learning-by-Doing.

lllll D 0 G UMENT/R EP 0 RT/LITERATU RE

indigenous and Traditionai Peopies and Protected Areas.

lllll D 0 C UMENT/R EP 0 RT/LITERATU R E

Public Participation in Protected Area Management - Best Practice.

Illli 0 0 C UMENT/R EP 0 RT/LITERATU R E

Detailplanung zum BiosphÄHrenpark Wfenerwaid - Bereich Waid.

lllll D 0 C UMENT/R EP 0 RT/LITERATU R E

Guidelines for Marine Protected Areas.

lllll D 0 C UMENT/R EP 0 RT/LITERATU R E

Naturparkstudie Karawanken. Teil 1: Machbarkeitsstudie.

lllll D 0 C UMENT/R EP 0 RT/LITERATU R E

Machbarkaitsstudie Trilateraler BiosphAHrenpark Moravien.

2005/-Ü/+

2005/-Ü/4-

2ÜÜ5/-Ü/4-

2ÜÜ5/-D/4-

2005/-D/+

2ÜÜ5/-0/4-

Fig. 8: Screenshot -  knowledge base (ranking).
Examples in the form of best practice, literature, projects, links and further expertises are contained in 
the knowledge base.
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Glacier monitoring by means of terrestrial photogrammetry: 
A case study in the Hohe Tauern National Park

Viktor Kaufmann, Richard Ladstädter

Abstract

Glaciers respond to changes in climate. Mass gain and loss change the geometrical and also the 
kinematic properties of a glacier. Their monitoring and quantification are of great interest to 
glaciologists, because these properties, i.e. glacier area, surface elevation, position of terminus and 
surficial flow velocity, can be linked to mass balance. During the first half of the 20th Century 
terrestrial, i.e. ground-based, photogrammetry was the only means to efficiently map glaciers and 
their changes in space and time. Modern remote sensing techniques, i.e. airborne and spaceborne 
photogrammetry, airborne and terrestrial laser scanning, and differential SAR-interferometry, have 
pushed away terrestrial photogrammetry. In this paper we want to show that the availability of 
low-cost high resolution digital (consumer) cameras opens up new perspectives in glacier 
monitoring. A case study was carried out at Goessnitzkees, which is a small debris-covered glacier 
located in the Schober group of the Hohe Tauern ränge, Austria. Terrestrial photographs (stereo 
pairs) of three different periods (1988, 1997, 2003) were evaluated by means of digital 
photogrammetric techniques. As a result, glacier retreat could be mapped and quantified 
numerically. The potential of a fully digital approach using a low-cost digital consumer camera is 
highlighted.

Keywords

Glacier monitoring, terrestrial photogrammetry, digital photogrammetry, Zeiss TAL 
phototheodolite, Rolleiflex 6006 reseau camera, Nikon D100 digital camera, Goessnitzkees, 
Schober group, Hohe Tauern National Park.

Introduction

Goessnitzkees is a small (1997: 0.75 km2) debris-covered cirque glacier located in the Schober 
group, Hohe Tauern ränge, Austria. The course of deglaciation has already been documented for 
the time period 1850-1997 within a research project funded by the Hohe Tauern National Park (Lieb

2000).

Data Acquisition

The Institute of Remote Sensing and Photogrammetry additionally carried out three terrestrial 
(ground-based) photogrammetric surveys ofthe central part ofthe glacier showing also the glacier 
terminus: A first survey was done in 1988 using a Zeiss TAL (German "Terrestrische Ausrüstung 
Leicht") phototheodolite obtaining a stereo pair of glass plates. The endpoints of the baseline were 
marked by cairns. The photogrammetric survey was repeated in 1997, this time using a semi- 
metric Rolleiflex 6006 reseau camera, since photographic glass plates for the TAL phototheodolite 
were no longer available on the market. During the second survey a third camera position was 
introduced in the middle ofthe baseline of 1988 for obtaining an appropriate stereo triplet. Finally, 
the third photogrammetric survey took place in 2003. At this time we used two camera systems,
i.e. the Rolleiflex 6006 of 1997 and a digital Nikon D100 still camera, which is a lost-cost SLR 
digital camera with an image resolution of 6 megapixels. See Figures 1-3, 5 and 6.

For the photogrammetric evaluation process the parameters of inner orientation must be known 
accurately. The calibrated focal length of TAL is 55.62 mm, the optical distortion is assumed to be 
negligible. Both cameras, however, the Rolleiflex 6006 (150mm lens) and the Nikon D100 (50mm 
lens) had to be calibrated using photogrammetric test fields.

Geodetic Measurements

Geodetic measurements using a total Station were carried out during the photographic 
documentations in 1997 and 2003 (K ienast & Kaufmann 2004). 3-dimensional data was captured:
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(1) The outline ofthe terminus ofthe glacier, (2) the shoreline ofthe proglacial lake, (3) additional 
points of the glacier surface (= velocity markers), and (4) a longitudinal profile. Additionally, 
photogrammetric control points which had been temporarily signalized were measured during the 
field campaign of 2003.

left stereo partner right stereo partner Zeiss TAL phototheodolite

Fig. 1: Goessnitzkees: Zeiss TAL stereo pair taken on 7 September 1988.

left stereo partner right stereo partner

Fig. 2: Goessnitzkees: Rolleiflex 6006 stereo pair taken on 11 August 1997.

Rolleiflex 6006 reseau 
camera

Klammerkoepfe

left stereo partner right stereo partner

Fig. 3: Goessnitzkees: Nikon D100 stereo pair taken on 23 August 2003.

Nikon D100 digital camera

Photogrammetric Mapping

In order to facilitate a fully digital data flow in the photogrammetric evaluation process, all 
analogue photographs were digitized at 10 |iim scanning resolution using the UltraScan 5000 
photogrammetric Scanner of Vexcel Imaging Austria. In a preprocessing step the many reseau 
crosses of the digitized Rolleiflex 6006 images were removed digitally, and furthermore, color 
fringes visible in the digital Nikon D100 photographs due to chromatic aberration ofthe optics used 
were minimized by appropriate scaling of the red and blue spectral bands in respect to the green 
one.

Photogrammetric orientation of all image data and subsequent 3D data collection were carried out 
using an ImageStation of Z/I Imaging. Absolute orientation of the multi-temporal stereo models 
was done as follows: A Rolleiflex stereo model of 2003 was selected as a reference model for 
obtaining tie points which could be used as control points in the other models. Such tie points were 
selected in areas of the deglaciated forefield of the Goessnitzkees and in the steep back walls of 
the cirque glacier.

Digital elevation models were obtained for all four stereo pairs through manual measurement of a 
regulär grid of surface points. The terminus of the glacier was also mapped for the three glacial 
stages. From these data numerical values quantifying the glacier retreat were obtained, i.e. change
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of ice thickness and horizontal recession of the terminus. Mean annual flow velocities of selected 
points ofthe glacier surface could also be estimated.

Results

The geometric quality of both DEMs derived from the Rolleiflex stereo models 1997 and 2003 were 
checked independently by means of the geodetic measurements. A comparison along the 
longitudinal profile showed that the photogrammetrically and the geodetically derived surfaces fit 
with an RMS (root mean square) value of ±22 cm for 1997, and ±13 cm for 2003. In both cases 
significant positive offsets of the photogrammetrically derived profiles in vertical direction in the 
order of 10 cm were observed. Furthermore, the DEM of 1997 was compared with another DEM, 
which was derived from aerial photographs taken three weeks after the terrestrial photographs. 
After elimination of a constant height offset between both data sets, which was inherent to the 
aerial case, an RMSE (root mean square error) of ±15 cm was computed for the whole mapping 
area. It was possible to visually verify this high quality by overlaying the respective contour lines.

In a further analysis the longitudinal profiles interpolated from both DEMs of 2003 were compared 
with each other. The height differences obtained have an RMS value of ±12 cm. No significant 
offset between the surfaces was observed.

Numerical values quantifying the glacier retreat are shown in Tab. 1. Moreover, various graphs and 
thematic maps were produced for visualization purposes (see Fig. 4 and also Kaufm ann &  L a d s tä d te r  

2004).

Change of ice thickness: Change of glacier length: Equilibrium line altitude

(E LA ): 2708 m (time period 1988-2003)
1988 -  1997: -13.6 m (= -1.51 m/year) 1988 -  1997: -85.2 m (= -9.47 in/year) Ablation gradient: [100 m] 0.969 m w.e.
1997 -  2003: -12.2 m (= -2.03 m/year) 1997 -  2003: -61.5 m (= -10.26 m/year) Mean annual

valid for elevation ränge [2530 m - 2560 m]_______________________________________________ horizontal flow velocitv: 30-60 cm/year

Tab. 1: Change of ice thickness and glacier length change of Goessnitzkees.
Vertical mass balance profiles (1988-1997, 1997-2003, 1988-2003) were computed for the 
longitudinal profile. Assuming a linear function between altitude and the mean specific mass balance, 
the mass balance gradient (the rate at which the specific balance changes with altitude) and the 
equilibrium line altitude (ELA) were numerically computed. For the time period 1988-2003 the mean 
annual mass balance gradient amounts to 0.00969 mwe m 1 yr'1 (meters of water equivalent per 1 m 
height interval per year) and the mean equilibrium line altitude was estimated at 2708 m. This means 
that nearly the whole glaciated area mapped has been affected by ablation (mass loss) throughout the 
last 15 years.

0m 100 m 200 m 300 m 400 m 500 m 600 m 700 m 800 m
distance from reference point H1

Fig. 4: Change of ice thickness along the longitudinal profile of Goessnitzkees for the time period 1988-1997-
2003.
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Fig. 5: Orthophoto of 1 September 1997 showing the camera positions and the position ofthe cross-section.
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distance

Fig. 6: Cross-section of Fig. 5 showing the longitudinal profiles of Goessnitzkees.
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Discussion

The usefulness of low-cost SLR digital consumer cameras for terrestrial photogrammetric glacier 
surveys was demonstrated. The comparatively low imaging resolution of the digital cameras 
compared to large format photographic cameras, however, is still a problem. 8-Megapixel digital 
cameras are currently available on the market, and Kodak has recently introduced a 14-Megapixel 
SLR digital (consumer) camera. The authors believe that it is only a matter of time (2-3 years from 
now) until that camera will be available for the same price as the 6- or 8-Megapixel cameras today.

In respect to Goessnitzkees we conclude that the annual change of ice thickness can probably be 
computed with an accuracy of ±20 cm using the Nikon D100 digital camera. Assuming a mean 
annual surface lowering of about 2 m, a relative measurement error not worse than ±10 % can be 
expected. In August 2004 and 2005 follow-up field campaigns were carried out. The results 
obtained will be published elsewhere.

In summary, it can be said that terrestrial photogrammetry, as described in this paper, can be 
applied successfully in long-term monitoring projects for small glaciers or selected areas of a 
glacier, e.g. outline of the terminus, if a sufficient number of stable points (natural control points) 
is available in the vicinity of the area of interest.
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Abstract

Monitoring of glacier behaviour is an important task in environmental research. For detailed 
detection of glacier surface and Volumetrie changes terrestrial laser scanning is a very effective and 
cheap observation method, due to the ability to acquire high-resolution 3D data. Since summer 
2000 this method is applied at the Gößnitzkees glacier, a small debris-covered glacier located in 
central Austria (12°45'E, 46°58'N; size c.0.75km2). More than 60% ofthe glacier is covered by a 
prominent debris mantle. So far, five terrestrial laser scanning campaigns have been carried out 
focusing on the central part of the glacier including the glacier terminus (07-2000, 08-2000, 07-
2001, 08-2001, 08-2004). These measurements allow the comparison of three different time scales 
(intermonthly, interannual, four years). The results demonstrate that accumulation and ablation 
(snow/firn/ice) can be monitored very accurately. The debris cover reduces net ablation at the 
glacier surface by up to 75% whereas the amount of incoming solar radiation is less important. A 
highly active feature is the retreating steep ice wall at the glacier terminus. Supraglacial meltwater 
causes further increase of local net ablation due to heat exchange at the meltwater-ice interface. It 
is shown that by use of this method it is easily possible to detect small changes on a glacier surface 
(clean and debris-covered) relevant for glacier-climate modelling but also for aspects in hydrology 
and natural hazard management.

Keywords

Gößnitzkees; Debris-mantled glacier; Glacier mapping and monitoring; Terrestrial laser scanning; 
Glacier surface and Volumetrie changes - intermonthly, interannual and four years.

Background and objectives

Advancing or retreating glaciers have a complex impact on their neighbouring environment, as e.g. 
on permafrost, geomorphic processes (thus natural hazards) or Vegetation. In Austria, monitoring 
of glacier behaviour is an important task in environmental research. Since many decades the 
Austrian Alpine Association (OeAV) Coordinates annual glacier measurement campaigns. O fthe  925 
Austrian glaciers according to the first Austrian glacier inventory from the year 1969 (Patzelt 
1980) 107 glaciers are currently monitored on an annual basis by this program (Patzelt 2005);
the majority of them only in a very general way (e.g. change of glacier terminus). In addition to 
these activities, annual mass balance measurements are carried out at a much smaller number of 
Austrian glaciers (Hintereisferner, Jamtal Ferner, Kesselwandferner, Sonnblickkees, Vernagtferner 
and Wurten Kees) within the framework of the World Glacier Monitoring Service (WGMS). 
Currently, a new Austrian glacier inventory is in progress. This inventory will also include for the 
first time volume and ice thickness data. For this purpose, 49 glaciers of different types have been 
surveyed between 1995 and 2003 with the aid of ground penetrating radar (Würländer & Kuhn

2000, Fischer & Span 2005, Lambrecht et al. 2005). Knowledge of glaciation changes is essential for 
the interpretation of glacier-climate interaction and glacier-climate modelling studies. Furthermore, 
the total volume of a glacier body is an interesting parameter for water resource management, in 
particular in areas where glacier water is essentially used for irrigation during the summer period 
(e.g. Hunza valley, Pakistan) or used for hydropower production (e.g. Kaprun, Austria). Numerical 
requirements on the quality of glaciological data are high in order to allow reliable predictions for 
all these issues. A number of different methods on a local, regional and global scale for glacier 
monitoring are available. For detection of glacier surface and thus Volumetrie changes in a very 
high spatial resolution terrestrial laser scanning is a very effective and cheap observation method, 
due to the ability to acquire high-resolution 3D data in a very short period of time. This paper 
describes first monitoring results of recent glaciaton changes (2000 to 2004) of the Gößnitzkees,
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the largest glacier in the Schober Group, Austria. The explanations refer to a research project 
which is carried out by the Institute of Digital Image Processing, Joanneum Research, Graz, with 
logistic assistance from the Hohe Tauern National Park Service. The scope of this ongoing project is 
to monitor surface and structure changes of glaciers and rock glaciers of different sizes with a very 
high accuracy by means of terrestrial laser scanning.

Study area

Gößnitzkees is located to the south of the main crest of the Hohe Tauern ränge in the central part 
o f the Schober group at the valley head o f the Gößnitz valley and is thus in the inner zone of the 
Hohe Tauern National Park at 12°45' E and 46°58' N (fig. 1). 'Kees' is the regional term  for glacier. 
Gößnitzkees was included into the network of the mentioned annual g lacier measurem ents o f the 
OeAV in 1982. Due to the unsuitable topographic (steep rock faces, narrow crests, lack of flat 
surfaces at high elevations above the regional ELA) and clim atic conditions (Continental climate: 
low precipitation c. 1500mm at 2000m asl., 0°C at 2300m asl.) of the Schober group, the 
glaciation is lim ited to a few positions at the foot o f rock faces in northern expositions. The mean 
size o fth e  glaciers does not exceed 0.18km 2 (N = 29) and making Gößnitzkees with its c.0 .75km 2 in 
1997 the largest glacier of th is mountain group (Lieb 2000, Kaufmann & Ladstädter 2004a). The 
general exposure o f the g lacier is NW with high crests and mountain tops to the S. The 
accum ulation area of the g lacier is very small. A high am ount of snow accumulation orig inates from 
avalanches, in particular at the western head of the g lacier at the foot o f some pronounced couloirs 
(fig. 2). More than 60% of the glacier is covered by a prom inent debris mantle with variable 
thickness. The rock material orig inates from the rock faces to the S consisting of crystalline rocks 
such as gneisses, am phibolites (Hornkopf peaks) and in particu lar schists (Western 
Klammerköpfe). The upperm ost parts o f the glacier -  as e.g. the m ore-or-less separate glacierette 
just below the cirque on the W-facing slope of Großer Hornkopf (cf. fig. 1) -  feature no pronounced 
bergschrunds, thus hinting a warm based glacier even at the upperm ost limit. The overall 
appearance o fth e  Gößnitzkees indicates a very inactive g lacier also expressed by low mean annual 
flow velocities of 30-60cm/a (Kaufmann & Ladstädter 2004b). Due to the described topographic and 
clim atic Situation in the Schober group the entire area favours perm afrost conditions. In NW-, N- 
and NE-aspects discontinuous perm afrost can be expected above 2600 m with frequent occurrence 
o f creeping permafrost features, i.e. active rock glaciers. The existence of the 77 intact rock 
glaciers is further enhanced by the mentioned lithologies; some o f them may also contain some 
glacier ice (Lieb 1991, Krainer et al. 2000, Lieb et al. 2004, Avian et al. 2005a). Summing up, relief 
and geoecological elements o f the Schober group are highly representative for the Central A lps and 
thus for the National Park Hohe Tauern.

Fig. 1: Location and setting of the study area Gößnitzkees. The delineation of the glacier and the distribution of 
debris-covered and clean surfaces are based on the aerial photographs from the year 1998. The square 
in the main map indicates the location of the maps shown in figures 3 and 4.
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Fig. 2: Terrestrial overview of the study area. Note the steep ice front of the mostly debris-covered glacier 
adjacent to the proglacial lake and the group of people standing next to the location of the laser 
Scanner; view towards SE (Photo: Kellerer-Pirklbauer 20-08-2004).

Methods and experimental setup

For the past few years, terrestrial 3D laser scanning systems have been employed very successfully 
in the design and manufacturing industries as well as in industrial surveying ( P fe ife r  et al. 2004). 
Further development of long ränge scanners with high precision allows them to be applied in 
terrain surveying. 3D laser scanners produce point clouds, sampled representations of 3D scenes, 
from ränge and angle measurements that are converted into accurate 3D models. The ability to 
acquire high-resolution 3D data of surface structures makes this technique a very interesting 
instrument for measuring glacier (Avian et al. 2005b; this volume) as well as rock glacier dynamics 
(B au er et al. 2003, 2005). The integrated measurement system is capable of describing 3D motion 
and deformation of glacier surface within a single day's measurement campaign including logistics 
and evaluation. Table 1 gives technical information concerning the used instrument Riegl LPM-2k 
Long Range Laser Scanner.

Scanner Parameter Value (ränge)
Measuring ränge for:
- good diffusely reflective targets
- bad diffusely reflective tarqets

up to 2500m 
>800m

Ranqinq accuracy +50mm
Positinq accuracy +0.01qon
Measuring time / point 0.25s to ls
Measuring beam diverqence 1.2mrad
Laser wavelenqth 900nm
Scanning ränge
- horizontal
- vertical

400gon
180qon

Laser safety dass 3B, EN 60825-1
Power supply 11-18V PC, 10VA

Operation temperature ränge -10 to +50°C

Tab. 1: Scanner parameters and values ofthe used instrumentation Riegl LPM-2k Long Range Laser Scanner.
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Between July 2000 and August 2004 five terrestrial laser scanning campaigns have been carried 
out (11.07.2000, 22.08.2000, 27.07.2001, 25.08.2001, 20.08.2004) covering the central part of 
the Gößnitzkees including the glacier terminus. The area that has been investigated during each 
laser scanning campaign covers 0.09 to 0.13km2 or 11.8 to 17.1% of the entire glacier surface. 
Figure 3 gives the spatial coverage during the 5 campaigns as well as the locations of the laser 
Scanner and the reflective reference targets relevant for sensor orientation. During each of the 5 
campaigns a high-resolution geo-referenced digital elevation model (DEM) in form of a regularly 
grid has been generated. The resulting DEM for each measurement campaign represents a dated 
state ofthe region covered by the sensor measurements. Since the data is geo-referenced, simple 
differences between the DEMs reflect the changes in surface elevation (volume) between the 
campaign dates. This has been performed for three different time scales (intermonthly, 
interannual, four years). Postprocessing and visualisation has been fulfilled by the house-own 
Software GeoScanner and ArcGIS (data resampled to a Im grid for visualisation in fig. 3, 4 & 6). 
Further description of measurement procedure and data processing is found in Bauer et al. (2003). 
To compare the potential short-wave solar radiation (PSWR) highly relevant for glacier ice 
melting and the measured glacier net ablation rates at the Gößnitzkees, a map of PSWR for each 
month and inferred from that for the summer season (June-July-August) was modelled using a 
25m-DEM and the Solar Analyst extension (Fu & R ich 2000) in ArcView.

iaser Scanner selup 
#  iaser scannet' iocj 
O  reference targets

Gö&n itzfeees 
| | glacier extent
.......debris-covered

sce/f'tm on surface

Fig. 3: Spatial extent ofthe five terrestrial laser scanning campaigns at the central part of the glacier including 
the glacier terminus: open circles mark the used reference targets for sensor orientation; the dot 
indicates the location ofthe laser Scanner illustrated in table 1 (cf. fig. 1).

Results

Based on the measured terrain data glaciation changes over 3 different time scales have been 
calculated: 2 x intermonthly - 07 to 08-2000, 07 to 08-2001, 2 x interannual - 07-2000 to 07-
2001, 08-2000 to 08-2001, and 1 x over four years - 08-2000 to 08-2004. The results are 
presented in figure 4. Table 2 gives a numerical overview of the calculated results and an 
estimation of volume changes for the total glacier for each time interval. The scanned area covers 
a profile sector from the cirque headwall to the glacier terminus and is representative for the entire 
area. Thus, it is assumed that the detected changes are not only valid for the measured sector but 
also can be - more or less - extrapolated on the entire glacier.
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Fig. 4: Glacier surface changes during three different time scales (intermonthly, interannual, four years). 
Positive values indicate areas of thinning and <0 values indicate areas of thickening respectively (i.e. 
accumulation of snow/firn). Note the increase in thickness in some areas at the 1 year time scales due to 
a favourable glaciological year 2000/2001.
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Difference
calculations

Area considered in the difference 
calculations

Area 
consi
dered 
on the 
entire 
glacier 
* (%)

Mean
change

in
eleva
tion
(m)

Measured 
volume 

change at 
the 

monitored 
glacier 
section 

(m3)

Estimated 
volume 

change for 
the entire 
glacier* 

(m3)total [a] 
(m2)

on the glacier 
[b]

5 of a 
& b 
(%)(m2) (%)

1 month:
07 to 08-2000

87,763 85,262 97.2 2.8 11.4 -0.971 -82,789 -728,250

1 month:
07 to 08-2001

120,241
118,17

5
98.3 1.7 15.8 -1.113 -131,529 -834,750

1 year:
07-2000 to 07-2001

86,262 84,224 97.6 2.4 11.2 -0.829 -69,822 -621,750

1 year:
08-2000 to 08-2001

119,962
117,89

6
98.3 1.7 15.7 -1.179 -138,999 -884,250

4 years:
08-2000 to 08-2004

63,083 62,894 99.7 0.3 8.4 -5.755 -361,955 -4,316,250

*glacier size 0.75km2

Tab. 2: Numerical overview ofthe calculated and estimated results for each time interval.

Discussion

The results shown in figure 4 clearly demonstrate non-uniform and peculiar retreat behaviour of 
the Gößnitzkees during all three studied time scales. This extremely uneven change pattem is 
related to a number of factors acting unequally at different areas on the glacier. These factors are:
(i) temperature and (ii) PSWR during summer, (iii) distribution and characteristics of debris cover 
on the glacier, (iv) heat exchange at the meltwater-ice interface in supraglacial meltwater 
channels, and (v) specific accumulation and/or ablation history of snow/firn/ice between two 
compared time periods.

Tem perature and PSWR during sum m er (modelling results in figure 5) are o f m inor im portance for 
the unequal distribution o f net ablation. Note the homogeneity o f modelled PSWR at the relevant, 
central part o f the g lacier indicating the low influence of PSWR on the difference of g lacier surface 
changes over short horizontal distances. The distribution and characteristics o f the debris cover 
plays a crucial role in the behaviour o fth e  Gößnitzkees. During all three tim e scales, g lacier surface 
changes are greatly influenced by the presence or absence of a debris mantle (cf. fig. 4 & 6). In 
some areas the debris cover reduced net ablation at the glacier surface by up to 75% compared to 
clean ice surfaces in close neighbourhood. G laciers mantled by a pronounced debris-cover behave 
differently to normal o r 'c le an ' glaciers. First, debris-covered glaciers may deposit massive ridges of 
morainic debris around their snouts, which are capable of ponding large volumes of meltwater, but 
lack the mechanical strength to impound the water for more than a few decades. The breakage of 
such a dam may cause dangerous and catastrophic glacier lake outburst floods (GLOF) causing 
massive destruction of property and loss o f live. Second, by insulating ice from solar radiation and 
daily tem perature fluctuations, a th ick debris cover effectively insulates the underlying ice and 
greatly reduces rates o f ablation relative to that o f uncovered ice, thus delaying the response of the 
glacier to atm ospheric warm ing. During periods of clim atic warm ing, debris-covered glaciers slowly 
melt down, until closed hollows and lakes begin to form on the g lacier surface or at the margin 
(Benn & Evans 1998, Benn et al. 2001). A further important aspect in th is context is the increasing 
input of debris on glaciers; lower glaciation causes a higher input o f debris on the remaining glacier 
body due to pressure release and paraglacial instabilities on adjacent slopes and the cirque 
headwall. Such an increase in debris input in combination with inefficiency of sedim ent transfer 
from the g lacier ice to the m eltwater may cause even complete debris coverage of a once 'clean' 
g lacier and eventually the transform ation into a glacier-derived or ice-cored rock g lacier (Krainer & 
M ostle r 2000, Shroder et al. 2000, Berger et al. 2004, Nakawo et al. 2000). Meltwater draining 
sub-, intra- or supraglacially enhances melting of ice due to heat exchange at the meltwater-ice 
interface ('thermo-erosion'; cf. Benn et al. 2001). At the Gößnitzkees this effect is most effective 
along supraglacial m eltwater channels (fig. 6c). Finally and obviously, the specific accumulation 
and/or ablation of snow/firn/ice between two compared tim e periods greatly influence the 
calculated results.
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As it is shown in figure6a-b, the accumulation of snow over a period of 1 year can be quantified in 
depressions close to glacier terminus, i.e. supraglacial meltwater channels still filled with wind- 
drifted winter snow, but also at the avalanche cones at the foot of the cirque headwall. This net 
accumulation results due to a very favourable glaciological year 2000/2001 at the Gößnitzkees with 
large areas of snow coverage even in late summer (Lieb et al. 2001). High ablation can also be 
quantified at different locations on the glacier as e.g. at the same supraglacial meltwater channel 
as mentioned before but over a different time scale (fig. 6c), at the glacier terminus (very active 
feature; retreat of 7-15m/a) and at the foot of the cirque headwall (fig. 6c-d). Figure 6b and d also 
shows nicely that on the lower part of this particular avalanche cone surface dynamics are lower as 
in the close vicinity due to a wind exposed and less avalanche prone location (cf. fig. 2).

The values given in table 2 reflect the recent glaciological history ofthe Gößnitzkees: unfavourable 
glaciological year 1999/2000 (Lieb et al. 2000), favourable glaciological year 2000/2001 (Lieb et al.
2001), unfavourable glaciological year 2001/2002 (Lieb et al. 2002), very unfavourable 
glaciological year 2002/2003 (K ro b a th  2003), and unfavourable glaciological year 2003/2004 
(K ro b a th  2004). For the 1-month period 07 to 08-2000 the mean change in elevation over the 
entire glacier and the measured and estimated volume change is due to snow and ice melting; for
07 to 08-2001 mainly due to snow melting. Values for the 1-year periods are relatively low due to 
a favourable glaciological year 2000/2001. The difference between these two periods is mainly 
based on higher snow ablation in summer 2001 (due to snow availability!) compared to summer 
2000. The results measured and calculated for the entire monitoring period give a mean elevation 
change of about c.-5.8m (-1.45m/a) and an estimated total volume loss of more than 4.3 Mio. m3 
(1.08 Mio m3/a) strongly indicating once more a retreating glacier. It has to highlighted that if no 
debris cover would protect the glacier, the rates of glacier ice retreat would have been much 
higher. As an example of utilizing high resolution laser Scanner data only a few glaciological aspects 
are pointed out in this paper. Further analysis and interpretations are in progress.

Gößnitzkees 
□  glacier extent

PSWR (kWh/m2)

H  400' 500
m  500 - 600

HM 600 -700
Ü Ü  700 - 800 

800 - 900 
900- 1000 
1000 -  1100 
11 00 -  1200

0.25 km

Fig. 5: The spatial distribution of the potential short wave radiation (PSWR) during summer (June-July-August) 
at the study area. Note the homogeneity of modelled PSWR at the relevant, central part of the glacier 
indicating the low influence of PSWR on the difference of glacier surface changes within short horizontal 
distances.
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Fig. 6: Section examples of figure 4 showing surface changes both increase and decrease - at the glacier at 
different time scales and at different locations; (A and B): sections of 1-year change maps (07-2000 to 
07-2001), bright areas indicate accumulation of snow - A: in the supraglacial meltwater channel (white 
arrow), B: at the foot of cirque headwall; (C and D): sections of 1-month change maps (07-2001 to 08- 
2001); dark areas indicate enhanced ice melting - C: at the supraglacial meltwater channel (white 
arrow) at the glacier terminus and in areas with a minor debris cover, D: melting of winter snow at the 
foot of the cirque headwall.

Technical and glaciological conclusions

♦ Monitoring of glacier surface changes with high temporal and spatial resolution in alpine terrain 
is feasible.

♦ Operational system is available as mobile or stationary unit.

♦ Results are available immediately after measurement.

♦ Accuracy depends on viewing geometry and footprint size of the laser beam.

♦ 3D high resolution surface change data (accumulation of snow and debris; ablation of 
snow/firn/ice) is obtained by DEM analysis.

♦ The same method can be applied to rock glaciers, snow cover thickness determination and rock 
slide monitoring.

♦ Both large scale (e.g. estimation of total glacier volume change) and small scale (e.g. 
quantification of supraglacial meltwater channel incision) glaciological features can be 
quantified.

♦ PSWR during summer plays a minor role in different ablation and accumulation behaviour on a 
heavily debris-covered glacier.

♦ An existing debris cover causes a striking difference in net ablation at areas mantled by debris 
relative to clean ice surfaces within close distance (up to 75%) , in particular at the debris-free 
vertical glacier terminus. A detailed analysis of the debris cover on the glacier (e.g. thickness of 
layer, spatial distribution, clast size) is planned in the near future.

♦ Obviously, the principal factor causing an uneven distribution of surface changes within a short 
horizontal distance between two compared time periods is the specific accumulation/ablation 
history.

♦ It is clearly shown that multi-temporal terrestrial laser scanning analyses provide a high 
potential for mass balance estimates and thus glacier dynamics studies.

♦ Detailed monitoring of retreating debris-covered glaciers helps to identify growing natural risks 
(e.g. GLOFs), thus may have a very high social relevance in terms of natural hazard prevention.
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Ecological Network and NATURA 2000

Yann Köhler, Guido Plassmann

Spatial network of protected areas

The subject of transboundary protected areas and spatial connections (common surfaces, 
ecological corridors) between the protected areas in the Alps has a central place in the 
implementation of the Nature Protection Protocol of the Alpine Convention. Several articles refer 
directly or indirectly to such connections between protected areas (article 3, 11 and 12). The article
12 foresees the creation of an ecological network. Based on this article the Alpine Network of 
Protected Areas has contributed since 1995 to the application ofthe Alpine Convention as thematic 
network, involving the Alpine protected areas in joined actions and creating a common identity. 
Now, based on the work of this thematic pool, a network with a higher spatial dimension should be 
realised.

Map of Alpine Protected Areas

Fig. 1

Situation in the Alps

The Alps shelter a rieh diversity of nature and landscape, which offers a habitat to a large number 
of plants and animals. The protected areas of the Alps give an important contribution to the 
protection and preservation of this biodiversity offering a refuge to wildlife.

For plants and animals the landscape is a broad spatial system with which they have interactions at 
different levels. This system is of special value when it offers a large number of big size habitats as 
well as a diversity of natural structure elements that are connected at small scale.
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This connections are important for natural life, specially for animals, because they need to move 
and use several types of different landscape parts. Most species are adapted to such a diversity of 
the landscape and use different environments during there development, in different seasons or 
during daytime. These spatial requirements vary according to the different species, therefore each 
specie has its own requirements.

For the long term survival of a species the possibility of genetic exchange between different 
populations is of major importance, otherwise the threat of degeneration and a accumulation of 
genetic defaults may lead to extinction.

The fragmentation of landscape and habitats as well as the intensive use of the land threatens the 
natural life. In the Alps this fragmentation due in priority to concentration of human activities in 
the valleys, the roads network, intensive agriculture, industrial activity, etc. has continuously 
reduced and isolated the habitats for animal and plants in the last years. The habitat fragmentation 
has important consequences for diversity since it is recognized as one of the most important 
factors for species extinction. Without large habitats the possibilities of survival for many species 
and populations decrease.

This is the reason why the protection of wildlife and biodiversity can not only relay on the protected 
areas. Many animals need more space to live than these areas can provide. Scientists agree on the 
fact that only large and ecological adjoining protected areas can ensure a sustainable and long 
term protection of the biotic and abiotic nature resources of the Alps and guarantee the natural 
processes. Therefore large protected areas should be created even beyond national boarders.

This could be done by connecting the surfaces of existing protected areas in different states across 
the frontier. An other possibility is the creation of large complexes inside the different Alpine states 
through spatial connections between the protected areas where these links are of ecological 
importance and in accordance with the technical and social conditions. Through these connections 
the protected areas would not be isolated "islands" any more, but allow the exchange between 
each other. NATURA 2000 sites as well as the effective protection Priority Areas detected by the 
WWF in cooperation with other institutions can help to create such connections. In this way, the 
NATURA 2000 network could be completed and a unity of contiguous surfaces between the alpine 
protected areas could be developed.

Network concept

A ecological network is composed of different elements:

- core zones (for example the protected areas), as static components and
- connection elements between these zones, as dynamic components ofthe network.

These connection elements can be linear (rivers, forest boarders, ....) and facilitate movements of 
the flora and fauna or punctual like small biotopes (stepping stones) with the function of migration 
stations and dispersion pools.

Towards an alpine Network

Large protected areas and joined groups of areas with different protection status are important. 
They will represent the core zones of an alpine network and are the shelter for wildlife. But the 
network cannot be based only on protected areas or single elements as nodes between ecological 
corridors - the network needs a sustainable long term policy, which is based on spatial planning 
tools. The permeability of the cultural land between the biotopes is also an important element of 
the network to allow movements of the flora and fauna. Therefore sustainable and ecological 
adapted land use (extensive land use methods, adapted landscape planning, ...) is important to 
create effective connection possibilities between the nodes.

The Alps do not only possess a large natural diversity but also a important cultural diversity and 
the landscape often revels the old traditional living forms. Many of the traditional structures and 
use forms have given a habitat to special adapted species. In the cultural land there can be found a 
diversity of its own. This is why cultural land and tradition extensive methods should be forced not 
only as couloirs or corridors but also as living space.

Every alpine country offers a large variety of different measures and programs in various domains 
to improve the Connectivity of habitats. The existing possibilities of the different countries 
(measures and programs - for example in agriculture, forestry, infrastructure development,...) 
have to be applied more efficiently. This means for example, that this measures should be regroupt 
by local or regional initiatives and projects to improve the interactions between the concerned 
surfaces and to join the efforts in a common way. Furthermore, the different strategies have to be 
concerted internationally.
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In this context, it is important to underline and to analyse the measures of protection and the 
possibilities of more intense cooperation between adjoining protected areas. This cooperation can 
be on a special theme with defined aims such as, for example, the protection of a certain species, 
the cooperation for sustainable regional development, etc. The analysis of the possibilities to create 
connections between protected areas which are in the same time composed of selective measures 
and regional management measures has to take into account the actual spatial distribution of 
protected areas.

In the Alps a considerable number of associations of protected areas can be detected: complexes of 
two or more transboundary areas, associations of two or more national areas and also large 
protected areas with a rigorous protection policy and a surface of several 1000 ha. Those elements 
play an important role for conservation. The established connections and the common action 
programmes between such complexes can serve as example for further national and especially 
international cooperation and facilitate the migration and exchange between habitats even across 
country boarders.

NATURA 2000 sites in the perimeter of the Alpine Convention
(Situation June 2004)

ÖAT/NR

B bSS

□ m
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® City

Fig. 2

Methodology

Different approaches can be chosen for the implementation of an ecological network. One of them 
is the analysis ofthe actual Situation of habitats, their quality and the existing connections between 
these biotopes. The following model could be applied to analyse the actual connections between 
protected areas: the analysis of satellite images and aerial photographs to determine the limits of 
different types of habitats and to show the actual connections between different zones of the same 
habitat by mapping and GIS methods. These results also with information from national and 
regional inventories of flora and fauna, the knowledge of biologists and naturalists and the 
valorisation of the information by field trips allow the illustration of the actual continuity of 
habitats. This method was used for the detection of corridors and continuums for the National 
Ecological Network in Switzerland.
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This method makes the detection of existing continuums easier and even more important, the 
isolation of areas where these continuums are interrupted and where measures have to be taken 
to improve the connection Situation. The knowledge of established wildlife corridors as well as 
further information from statistics of accidents caused by animals, obvious barriers in the 
landscape and areas of special biodiversity have to be taken in account.

The Situation of several areas can also be evaluated by using indicators or criteria, if the work with 
satellite images or aerial photographs is not possible. Because of time restrictions and ofthe large 
surface that had to be covered (the hole surface of the Alpine Convention), the Alpine Network of 
Protected Areas has chosen this approach for its project about an ecological network in the Alps. 
Indicators such as surface and altitude of protected areas, density of habitants, land use type, 
infrastructure density, etc. can allow some interpretation of the ability for a landscape to fulfil the 
role of corridor. After the general evaluation of the Situation by this method, the different zones 
where Problems may be detected that where isolated have to be analysed more in details, in order 
to be able to find a solutions ofthe problems on a local level.

The practical work of establishing corridors and creating connections between habitats has to be 
done at a local scale, by defining projects for a determined zone, specie or habitat. The approaches 
have to be chosen in accordance with the needs and aims of the subject and the project. By 
initiating the juristic and financial basis for such local projects and by sustaining and helping the 
shareholders in their approach, the first step towards a coherent network can be made.

Aims

The creation of a network of protected areas with ecological connection elements and an adequate 
minimum protection of surfaces in-between has to be a long term aim. The general purpose has to 
be the creation of dynamic processes between the different protection forms and the 
implementation ofthe different possible measures that have an impact on the whole territory. The 
existing areas have to be group and connected in small associations to create in this way larger 
unites for wildlife refugee. Since the creation of new large protected areas is not to expect due to 
the political and economic circumstances in the Alps, the existing areas have to be connected in a 
way that they could take to role some large areas had to play. The so formed complexes improve 
the Situation and the network can be enlarged by the time according to the changing Situation.

The article 12 requires a network on a national and a transboundary level. This means connections 
between protected areas including elements which are not under protection yet but are important 
for the network. The expectations go further than the limits of the protected areas. And it way to 
go: the coordination of aims and measures of transboundary protected areas.

It is important to notify that the experiences made in protected areas in the fields of special 
species management, measures of sustainable development of land use and cooperation between 
different stakeholders can be useful in non-protected areas and contribute to the creation of an 
ecological network.

For the long term implementation of such a concept that represents a fundamental point of the 
Alpine Convention, further efforts have to be done. First of all, the existing measures and planning 
instruments in the different Alpine countries have to be synchronised. This can only be realised in 
large spatial units to reduce the expanding fragmentation and to reinstall a living landscape. The 
different protocols of the Alpine Convention propose a common way as they are the only ones that 
are valuable beyond boarders ofthe protected areas for the whole alpine territory. This naturally in 
combination with the national and regional legislations and t he general rules for nature protection.

Perspectives

The Alpine Network of Protected Areas promotes the creation of a alpine ecological network 
between protected areas by proposing suggestions of possible corridors in places where these 
makes sense. Create connections and corridors where this seem appropriated in reason of different 
criteria, such as special migrations routes for wildlife, geographic proximity, extensive land use, 
low human impact. Focus efforts on this zones, concentrating the application of measures and 
programs, using NATURA 2000 site protection programs to establish the network.

The thematic network of protected areas exists and cooperates with success in many different 
domains. The creation of a spatial network creating connections between the different alpine 
protected areas is a challenge for the future. An big defy but also a major chance for the 
preservation of the alpine landscape and the biodiversity in the Alps bringing profit to every 
involved protected area.
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A lab above the clouds (I) 
N02 measurements at the Sonnblick Observatory

Martin Koller, Anne Kasper-Giebl

Abstract

A discontinuous method for measuring nitrogen dioxide (N02) on a daily average basis is to be 
adapted to the background ambient at the Sonnblick Observatory. Originating from the basic 
Saltzmann method (Saltzmann 1954) it uses a solid sorbent, based on the findings of Ferm et al. 
(1984) consisting out of sodium iodide (Nal) and sodium hydroxide (NaOH).

Keywords

Background measurements, nitrogen dioxide, Sonnblick Observatory, daily average, air chemistry 

Introduction

With its location in the remote mountainous regions of the Alps, the meteorological observatory on 
Mt. Sonnblick (SBO) offers a great opportunity for scientific research. Built in 1896, the station's 
main task was monitoring the weather.’But since 1980 it also became one of the most important 
platforms for atmospheric chemistry, hosting a large number of projects. A high elevation 
background site, with a full infrastructure, situated in a region of negligible local emissions in 
central Europe is unique and of great value.

With the introduction of the Global Atmosphere Watch program (GAW) by the World Meteorology 
Organization (WMO) in 1989, and the DACH-association, a cooperation between the German 
stations of Hohenpeissenberg (MOHp) and Zugspitze, the Swiss Jungfraujoch (JFJ), the Sonnblick 
observatory has proven itself on international Standards.

Because of the high altitude (3106m) the site is not affected by changes in the boundary layer but 
only by long-distance transport of pollutants. This allows monitoring of emissions, cloud formation, 
acid rain and aerosols, with the information obtained being a true indicator on the background 
Situation in central Europe.

The collected data is used for research on climate change and the anthropogenic greenhouse 
effect.

Aim of the project

The aim of the project is to determine the concentration of nitrogen dioxide on a daily average 
basis at the Sonnblick Observatory, using the Nal-method based on the findings of Ferm et al. 
(1984) and Saltzmann (1954).

A method for continuous measurement is in planning. As this method is only able to detect NOy 
(the sum of N02 and other nitrous components that can be oxidized), there is the need for a 
reference method, which selectively monitors the N02 concentration.

Also included are a validation of the Nal method, the determination of its analytical parameters, 
especially the level of detection, and finally the evaluation of its usefulness on Mt. Sonnblick.

Methods

Before the usage of continuous monitors, the first reliable method for measuring N02 was the 
Saltzmann technique (Saltzmann, 1954), which is a wet chemical method. It uses a bubble flask 
with a cylindrical frit containing the Saltzmann solution, a mixture of N-(Naphtyl-l- 
)ethylendiammoniumdichlorid (NEDA) and Sulphanilamin. Air is pumped through the frit and N02 
reacts with the fluid, forming a purple azo dye. The concentration is determined through 
photometrical analysis.

Ferm et al. (1984) separated the sampling from the analytical part by introducing a method using a 
solid sorbent.
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This not only evades the Problems of evaporation of fluid, and mailing, but also reduces the 
interference of ozone because it shortens the contact time between air and sorbent.

A 3mm thick sintered glass filter with a diameter of 25 mm and a porosity of 40-60 pm is enclosed 
in a glass tube with hose olives at both ends. It is coated with a mixture of sodium hydroxide 
(NaOH) and sodium iodide (Nal) which is more sensitive to lower humidity than potassium iodide 
(KI).

Air is pumped through the vessel and the N02 is absorbed by the Nal and converted to sodium 
nitride (NaN02). The iodide also prevents the nitride (N02') from oxidizing to nitrate (N03).

After sampling the glass vessels are sealed and sent back to laboratory in Vienna. There the 
coating is washed off and turned into the azo dye by adding NEDA and Sulphanilamin. The 
absorption of light at 540 nm is proportional to the concentration of N02 and can be measured in a 
photometer.

The Setup

The whole setup is placed indoors. A 6x4 Teflon tube is attached to the main manifold of the 
Station followed by a prefilter (Whatman 40), which is used to separate particulate matter. Next to 
the glass vessel (frit) the pump is placed followed by a gas meter. Temperature and pressure of 
the exhaust are measured and used for the calculations. (see Fig. 1)

Inlet D80
shut off 

valve
particle

filter
frit needle

valve pump
gasmeter

Outlet

barometer

thermometer
Fig. 1: The sampling setup used on Mt. Sonnblick

Results and discussion

Sampling on Mt. Sonnblick commenced in the end of September 2004, continued in November, 
December and January 2005 until the most recent series, which lasted through the whole month of 
March.

In city sites in Salzburg, for example at the Hagerkreuzung in Hallein N02, concentrations are at 
about 55 ppb daily average, in contrast to more rural areas like Hallein Winterstall or Vienna 
Schafbergbad (both ~5 ppb). In central Vienna they usually ränge up to 80 ppb, but have also 
reached maximum levels of 120 ppb.

On Mt Sonnblick 78% ofthe time measured the N02 concentration is below 0.3 ppb and 35% ofthe 
time even below 0.1 ppb, which is next to nothing (~l/1000th) compared to the values found in 
city areas. (see Fig. 2)

And even though the numbers lie near to the limit of detection (0,028 ppb), which is obtained 
through field blanks, nearly all of them are above it.

During the whole time a lot of effort has been taken to improve the performance ofthe method; on 
one hand by trying to increase the flow rate, and on the other hand by enlarging the resolution of 
the photometric analysis. The increase of the flow rate in order to sample more of the N02 would 
very much improve the Signal to noise ratio.

Low ambient pressure (~700 mbar) at this altitude hampers sampling to some extent, since the 
flow rate has to be increased by approximately 1.45 times in order to sample the same amount of 
analyte as on sea level.

Especially the flow rate seems to be one of the limiting factors, due to the fact that the absorption 
efficiency decreases, if the rate is too high. Tests on absorption efficiency have been performed at 
each series and gave very good results.

Only during the sampling period in March, where the flow was increased greatly, the absorption 
efficiency decreased to an average of 70% (+/-20%).

And since the concentration can even drop under the current limit of detection, it is necessary to 
perform further tests on absorption efficiency at higher low rates which are currently in progress.
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Fig.2: The measurement series on Mt. Sonnblick
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Nature conservation evaluation of alpine pastures 
in the Gesäuse National Park (Styria, Austria) 

by means of the bioindicators spiders, leaf- and planthoppers 
(Arachnida: Araneae; Insecta: Auchenorrhyncha)

Christian Komposch, Werner Holzinger

Abstract

Faunistic investigations in alpine grasslands in the Styrian "Gesäuse National Park" (Ennstaler Alps, 
Austria) should show the effects of grazing for nature conservation aims. The two bioindicator 
groups Araneae and Auchenorrhyncha were collected by means of pitfall traps and a G-Vac suction 
sampler in the Vegetation period 2004: a total of 9.100 specimens were recorded, belonging to 82 
epigeic spider and 53 leaf- and planthopper species. Twenty percent ofthe spider species are more 
or less endangered, one Auchenorrhyncha is new to Austria, and remarkably 10 spider- and 4 
Auchenorrhyncha-species are new to Styria. The densities (G-Vac suction samples) varied from 2 
to 30 specimens per square metre in spiders and 7 to 100 adults in leaf- and planthoppers. 
Suggested measures in nature conversation management include, among other things, a 
continuation of extensive grazing in selective meadows, the reduction ofthe densities in intensively 
grazed meadows, the cessation of grazing in sensitive wetland-biotopes and the increased 
consideration of biotopes without plant cover.

Introduction and aim ofthe study

The Gesäuse National Park lies within the Northern Calcareous Alps in Styria, Austria. Among some 
nearly natural forests, wide natural alpine meadows and rocky biotopes, there are quite large areas 
retaining a traditional form of grazing up to the present day.

This study is part of a broad interdisciplinary research study (coordination: Mag D. Kreiner). It 
deals with the nature conservation value of selected mountain pastures. An investigation of 
bioindicators, namely spiders, leaf- and planthoppers, should help answer the question whether the 
extraordinary expense of cattle grazing in barely-reachable areas during summer is worthwhile 
from a nature conversation point of view. In other words, we want to know if the effects of grazing 
are predominantly positive or negative for nature conservation purposes.

In addition, we used this project for the first recorded comparison of two widely used field research 
techniques, namely pitfall traps and a G-Vac suction sampler, in alpine grasslands. We wanted to 
learn something about the difference between recorded and estimated "real" biodiversity gained 
from these two techniques.

Study area and methods

The study area comprised four mountain pastures in the Gesäuse National Park, called Sulzkaralm, 
Haselkar, Hüpflinger Alm and Scheuchegg (47°32-34' N, 14°40-42' E; Ennstaler Alps, Styria, 
Austria), situated between 1.300 and 1.800 m a.s.l. Within these pastures, 10 areas with different 
biotope types (fenland, sedge swamps, oligotrophic grasslands, fresh and moist meadows) and 
different grazing intensities were marked and studied. The spider-, leafhopper and planthopper 
fauna was investigated (semi)quantitatively by means of 36 pitfall-traps (Barber traps) and a G- 
Vac suction sampler from July until September 2004. The registered datasets will be stored in the 
biodiversity database (BioOffice) ofthe national park.
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Fig. l:The Trollius-dominanted grassland "Haselkar Lugauer" in the Gesäuse National Park, Ennstaler Alps, 
[photo: Ch. Komposch / ÖKOTEAM; 8.7.2004]

Results and discussion

The spider fauna (Araneae) is represented by 82 epigeic species from 15 families (3.500 
specimens). The spider-coenoses are dominated by the lycosids Pardosa amentata (25.3 %), P. 
riparia (5.6 %), P. oreophila (3.0 %) and Alopecosa pulverulenta (2.9%). 19 species were caught 
in just one single specimen. On an average 17 species and nearly 250 specimens per locality could 
be reported; maximum values reached 30 species and 880 specimens. The densities (G-Vac 
suction samples) varied from 2 to 30 specimens per square metre with an arithmetic mean of 9.

The high number of 10 first species-records for Styria is remarkable. This state of affairs is due to 
three reasons: 1) the occurrence of rare taxa and the incomplete faunistic investigation of alpine 
biotopes (Agyneta cauta, Erigonella subelevata, Evansia merens, Leptorhoptrum robustum, 
Meioneta affinis, Metopobactrus prominulus, Talavera monticola), incorrect identification by former 
authors (Erigone cristatopalpus, Lepthyphantes jacksonoides; cf. Kropf & Horak 1996) and the lack 
of formal publication of known records (Xysticus secedens; Jantscher 2001).

Oligotrophic dry and semi-dry grasslands and fens, bogs and moist meadows are rieh in spider 
species. A high relevancy of special biotopes and structures like erosion-areas, uprooted root 
systems, stones and rocks could be documented via spiders. These biotope types bear very 
discrete spider coenoses and lead to a much higher diversity, even in intensively pastured 
meadows. Twenty percent of the spider species can be found in the red data list (cf. Komposch & 
Steinberger 1999), 11 species are assigned to the high-ranking categories "very rare" (R) and 
"endangered" (G, 3).

Non or extensively grazed meadows normally contain more valuable spider coenoses than intensive 
pastures. A significant correlation between an increasing intensity of grazing and a decreasing 
number of endangered species could be shown.
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Fig. 2: The wolf spider Pardosa oreophila is a charakteristic species of alpine meadows and pastures. [photo: 
Ch. Komposch / ÖKOTEAM]

5.600 Auchenorrhyncha specimens from 53 species were recorded; the densities varied from 7 to 
100 adults per square metre. Some records were remarkable from a faunistic point of view; one 
species was new to Austria, another four were new to Styria. The leaf- and planthopper densities 
were almost constant during the whole Vegetation period in extensively grazed meadows, while 
intensive grazing lead to a significant reduction of Auchenorrhyncha densities from spring to 
autumn. The "nature conservation value" of meadows decreases with increasing grazing intensity. 
This effect seems correlated to soil moisture; wet areas are more sensitive to intensive grazing 
than dry biotopes.

density ofendangered species (ind./m2)

no extensive moderate intensive

g r a z i n g

Fig. 3: Correlation (broken trendline) between the intensity of grazing and the density of endangered and 
valuable Auchenorrhyncha species in alpine pastures ofthe Gesäuse National Park.

Derived proposals for management and conclusions

A long-term protection of characteristic, stenotopic and highly-diverse arachnid- and insect- 
coenoses in alpine biotopes in the Gesäuse National Park requires the implementation of certain 
measures:

♦ continuation of extensive grazing in secondary meadows

♦ no grazing in primary woodless areas

♦ reduction of cattle-densities in intensively grazed meadows
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♦ no grazing (fencing) of sensitive special biotopes like fens, raised bogs and spring horizons 
(endangered by eutrophication and trampling); indeed shrub invasion should be prevented by 
special tree-clearing measures

♦ further research studies in shrubbed alpine-areas, alpine mowed pastures and primary woodless 
alpine meadows (reference areas)

♦ increased consideration of biotopes and structures without plant cover (including their precious 
arachnid- and insect-coenoses) in nature conversation management

The study has shown, that on the one hand the recommendation of general measures for future 
projects is possible; on the other hand, a closer botanical and zoological examination of the 
management areas and proposals is useful and in many cases indispensable. In the present case 
precise packets of measures are offered for every biotope type ofthe investigated alpine pastures. 
Deficits exists concerning the interdisciplinary combination of botanical and the particular zoological 
results. Furthermore, the outstanding relevance of insects and arachnids in all biotope types of 
Central Europe is not being reflected neither in the number of research projects on national parks 
nor in the amplitude and extent of applied nature conservation work.

Fig. 4: Sensitive biotopes should be fenced against cows. [photo: Ch. Komposch / ÖKOTEAM; 8.7.2004]
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The medium-term management plan for the Berchtesgaden 
National Park

Volkmar Kontiert

Abstract

In the years 2002 to 2004 the Berchtesgaden National Park elaborated a medium-term 
management plan for the forests with the help of the Geographical Information System (ArcGIS), 
the CIR-mapping of the biotopes based on aerial photographs, the site mapping, the data of the 
forest inventory and other digital data available. The geometry of the CIR-Map served as basis for 
the geometry ofthe forest management map.

The project derives from the collaboration between the "Fachhochschule Weihenstephan" 
(departments of forestry and landscape architecture), the department of forestry of the National 
Park Administration and the Forest Planning Unit of the Regional Forest Office of the State Forest 
Administration.

The forest management database and the description of measures was compiled from the forest 
management map, the stand description and the results of the recent forest inventory.
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Multifunctional Assessment of Alpine Pastures

Daniel Kreiner, Lisbeth Zechner

The National Park Gesaeuse in Styria (Austria) with an area of 110 km2 includes 8 pastures which 
are still grazed, and 4 pastures which have been abandoned since the 1960es. In 2003 we started 
with the area-wide assessment of the quality and quantity of pastures and the first zoological and 
Vegetation surveys in the "Sulzkaralm", which, with 180 ha, is the biggest pasture in the National 
Park. In 2004 we continued with two additional pastures (Haselkar, Scheuchegg) and one 
occasionally grazed pasture (Hueflinger aim). In 2005 three abandoned pastures are being 
investigated in cooperation with the BAL Gumpenstein (Bohner A.) within the frame of an EU- 
project which analyses the effects of abandonment on biodiversity.

Fig. 1: Alpine Pasture "Sulzkaralm"

Data collection concerning the intensity of grazing is done with a digital evaluation system. The 
data is collected with PDA and GPS-m odule in the field and gets implemented in Are View 3.2 
(Hüttenbrenner K., Egger G., BAL G umpenstein, Bergler F., Schwab M.). Data o f special habitats in 
alpine pastures (i. e. FFH-habitats, forests, wetlands, special structures, karst form ations etc.) is 
gained area-wide. Analysis of Vegetation is the basis for the assessm ent of nature conservation 
quality. Springs, wetlands, bogs and small ponds belong to the extremely sensitive habitats and 
are therefore mapped intensively. The main focus is placed on selected animal groups, i.e. 
Plecoptera, amphibians and reptiles (Haseke H., NHMW, W eigand E.).

Fig. 2: Insect trap

Inform ation on biodiversity of selected study areas with different pasture types is collected for 
selected animal groups (bugs, cicadas, spiders, grasshoppers and small mammals).
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The suitability of these groups for the assessment of open habitats at this altitude and the survey 
methods are evaluated within this project. Additionally, a census of breeding birds in the 
investigation areas completes the information on diversity. The results are the basis for the 
formulation of management measures (Kreiner D., Ökoteam, Frieb T., D erbuch G., Z echner L.).

Fig. 3: Investigation on grasshoppers and other insects.

Furthermore in 2005 intensive investigations concerning habitat parameters and Vegetation have 
begun (analyses of nutrient quality and soil, indicator values etc.). The study areas are part of a 
long term investigation system, which should allow the long term assessment of measures in alpine 
pastures (Bohner A., Kreiner D.).

The investigation of the historical use of pastures brings important knowledge concerning the 
development of cultivation of alpine areas. The basic economic conditions were reasons for the 
varying intensity of grazing (Hasitschka J.). In the EU-project concerning the abandonment and 
effects on biodiversity, data ofthe Gesaeuse is also included (Kreiner D.).

Fig. 4: Historical picture ofthe Sulzkaralm.

The data of these studies should bring important basic information on biodiversity of alpine 
pastures, also in connection with abandonment of pastures. Apart from the basic research the 
implementation of the results, i.e. changes in intensity of grazing or protection of sensitive 
habitats, is also important and will be done in cooperation with the farmers. This approach to a 
manifold and difficult issue could be a model for other regions or protected areas in the Alps. In 
addition, intensive public relations with presentations, excursions with farmers etc. should inform 
the farmers and the public about the objectives and aims of the project.
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Interdisciplinary monitoring project of subalpine mountain hay 
meadows in Hohe Tauern National Park (Carinthia) 

A model for extensive cultivation and preservation of these 
endangered ecosystems, their biodiversity and their species 

interactions

Werner Kreisch, Mona Abi

Abstract

This paper presents a management concept for the subalpine mountain hay meadows "Pockhorner 
Wiesen" developed for the Carinthian Administration of Hohe Tauern National Park. It consists of a 
proposal for their cultivation by a maintenance plan and a long-term interdisciplinary monitoring 
concept. A comparison of different mowing intervals is designed to establish how often the 
meadows should be cut to ensure a maximum of biodiversity with a minimum of labour and to 
sustain the existing interspecific relationships. The monitoring employs vegetation-ecological and 
pollination-biological methods. The former document the dynamics in the various phytocoenosis of 
the ecosystem. The latter are - due to the high numbers of flowers and the great variety of 
pollinators - perfect parameters for the study of animal-plant relationships in mountain hay 
meadows.

The ideal conditions for research in Hohe Tauern National Park promote the development of 
innovative methods for advanced environmental management. The direct application of scientific 
results in a management concept provides a resource that can be of use both theoretically and 
practically in the cultivation and conservation of these endangered ecosystems.

Keywords

Mountain hay meadows, monitoring, vegetational ecology, floral ecology, Hohe Tauern National 
Park, Austria

Project aims and duration

The Pockhorner Wiesen, traditionally cultivated mountain hay meadows of high biodiversity, are at 
risk from progressive abandonment and forest encroachment. On behalf of the Administration of 
the Carinthian section of the National Park, a management concept was developed to guarantee 
the long-term survival of the meadows. It provides for their targeted cultivation within the 
framework of a maintenance plan and the evaluation of the results through interdisciplinary 
Vegetation- and flower-ecological monitoring. The aim of the project is to determine how often the 
plant communities characteristic of this area should be mowed to preserve the diversity of the 
plant species and flower-visiting insects and to maintain their manifold interspecific relationships. 
This shall help to explain the succession processes in abandoned mountain hay meadows in the 
Alps.

The project has a duration of 7 years and includes subsequent evaluations at intervals of several 
years. The pilot phase was carried out in 2003.

Area of study

Location

The Pockhorner Wiesen are located on the Southern slopes of the Alps in the buffer zone of Hohe 
Tauern National Park. The area is inclined up to 35° and comprises around 100 hectares at 1950- 
2400 m above sea level (fig. 1).
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Fig. 1: Location ofthe mountain hay meadows "Pockhorner Wiesen" directly above the Großglockner
Hochalpenstraße highway with actual and hypothetical natural timberline, marked by the dashed 
horizontal line.

Flora and Vegetation

With their 208 vascular plant species (Abl 2003), the meadows are probably among the most 
species-rich ecosystems of the Park. This author also identified eight plant-communities here, 
including meadow communities like Hypochoerido unifhrae-Festucetum paniculatae, Campanulo 
scheuchzeri-Festucetum noricae, Trifolio nivalis-Seslerietum albicantis or heaths like Junipero- 
Arctostaphyletum. The bi-annually mowed subalpine-alpine Sieversio-Nardetum strictae includes 
up to 61 Species per 25m2.

Pollination ecology

The high number of blossoms, a prominent feature of the Pockhorner Wiesen, is the basis for the 
impressive diversity of flower-visiting insects and for the multifold plant-pollinator relationships 
(Kreisch 2001a). 140 anthophilous insect species belonging to 4 Orders and 34 families have been 
identified on their visits to 130 entomophilous plant species. Diptera were more abundant than 
hymenoptera and lepidoptera, while coleoptera make up only a small percentage in the pollinator 
fauna.

Risk from progressive abandonment

Today, less than 20% of the area is mowed either bi-annually or more sporadically. In areas that 
have lain fallow for more than 20 years, the biodiversity of the flora is up to 25% lower than in the 
areas that are mowed bi-annually. The presence of flowers even decreases twice as fast with 
progressive abandonment. The lower section of the mountain hay meadows, which is situated on 
ground originally covered by forests (cf. fig. 1) and which today contains the most species-rich and 
therefore most precious part ofthe ecosystem, is further threatened by the renewed encroachment 
of shrubs and trees into the meadows (Kreisch 2001b).

Maintenance plan

A maintenance plan based on Abl (2003) applies three concurrent agricultural strategies in three 
altitudinal zones to stop succession in a large portion ofthe hay meadows (fig. 2):

1. continued bi-annual to sporadic mowing of the lots directly above the Großglockner 
Hochalpenstraße mountain road

2. regulär mowing alternating with short fallow periods in the middle section
3. wilderness area in the highest lots
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Monitoring design

The objective of the inter-disciplinary monitoring is to determine the effects of different mowing 
rhythms on the phytocoenosis and their pollinator communities. For that purpose, permanent plots 
of 25 m2 size each will be established in the five selected plant communities mentioned above and 
mowed at intervals of two, four and six years (tab. 1). An unmowed plot serves as a control area 
(cf. K reisch & A bl in print).

To document the development of plant communities releves of the Vegetation will be taken. 
Additionally the vertical and horizontal structure of the Vegetation will be examined in detail. 
Changes in the availability of blossoms for anthophilous insects will be determined by counting the 
numbers of flowers and measuring the production of nectar (standing crop). The continuity of the 
plant-pollinator relationships will be ascertained by examining the spectrum of visitors to each 
plant species and their behaviour while on the blossoms.

Fig. 2: Maintenance plan for the Pockhorner Wiesen. White zone: continued bi-annual to sporadic mowing.
Hatched area: regulär mowing alternating with short fallow periods in the middle section. Dotted area: 
Wilderness area with natural succession.

Source: Digital Orthofoto Nr. 4122.5301, reproduced with the authorization of BEV-Bundesamt für Eich- 
und Vermessungswesen in Vienna. Cartographie and arrangement: Abl 2004, Kreisch 2005.
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Year o f project 1 2 3 4 5 6 7 8 9

Year of field 
evaluation

1 2 3 4 5

Mowing Interval

Bi-annual mowing mowing mowing mowing mowing

Every four years mowing mowing mowing

Every six years mowing mowing

Fallow -

Tab. 1 Schedule of correlation between mowing patterns and years of field evaluation conducted at bi-annual 
intervals.

Discussion

For the monitoring of flower-rich meadow communities, the biodiversity of which is based to a high 
degree on plant-pollinator relationships, the interdisciplinary biocoenological approach proposed 
here appears extremely promising. It allows the development of innovative methods for the 
advanced environmental management of extensively cultivated mountain hay meadows and can in 
this way help to preserve this endangered landscape. The direct implementation of the monitoring 
results within an operational maintenance plan guarantees practice-tested results. This 
management-concept thus provides an effective method for the cultivation and preservation of 
mountain hay meadows - both within and beyond Hohe Tauern National Park.

In the particular case of the Pockhorner Wiesen, the presentation of the results of our initial 
research attracted much interest among the local population. This promoted a sense of pride 
among the owners and users of the meadows, which in turn motivated them to continue or resume 
mowing and gained them the respect of their communities. This local acceptance is a decisive 
factor for the Conservation of the traditional landscape.
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The mire „Gradenmoos" in the Schobergruppe 
(National Park Hohe Tauern, Carinthia, Austria)

Robert Krisai, Wolfgang Mayer, Christian Schröck, Roman Türk

Abstract

During the summer 2003 the Vegetation, lichens and bryophytes in the mire Gradenmoos were 
investigated on behalf of the administration of the National Park Hohe Tauern. Also the history of 
the mire was studied.

The dominant plant communities are Caricetum nigrae, Caricetum rostratae and moss rieh spring 
fens. In the study area 102 species of lichens were found, also 134 Taxa of bryophytes.

The results of all investigations of the Vegetation, bryophytes and lichens display the mire as a 
biotope worth to be protected. As a further result of this study necessary measures for the 
Conservation of the Gradenmoos are derived. The grazing damages the Gradenmoos severely, it 
should be ceased as soon as possible. The repeat of the studies is recommendable, because there 
are only few studies in monitoring areas in the Hohe Tauern.

Research area

The „Gradenmoos" is a typical mountain mire with a length of 250 meters and a width of 100 
meters. It is situated in an altitude between 1910 and 1940 m in the Graden valley, a typical 
glacial U-shaped valley with some terraces in the terrain. The Gradenmoos belongs to the type of a 
retention meander-mire. Its appearance is characterized by a relative even terrain and a stream in 
form of a meander. From the south side large alluvial fans extend into the mire, the north side is 
bounded by outcrops. The surrounding mountains consist of mica slate and transitions to schistous 
gneiss (Vetters 1993). The occurring plants prefer siliceous soil.

The climatic conditions at the north-western part of the province of Carinthia are alpine. Only on 90 
days in the year the average temperature is + 5 °C. The annual precipitation rates reach 1200 to 
2000 mm (Hartl et al. 1992).

The mire is located at the timber line. The slope below the mire is covered with a sparse spruce- 
larch-forest. Also the alluvial fan on the south side is overgrown with spruce, larch and mountain 
pine. Apart from some dwarf shrubs there are no woody plants in the mire. Since 1983 the mire is 
situated in the core zone of the National Park Hohe Tauern.

History of Vegetation and actual Vegetation

The Gradenmoos exhibits only on relative small areas in the south east and in the north east a 
considerable formation of peat. On the other areas the Vegetation is developed on mineral soils. 
Probes with the Dachnowski-sampler were possible tili to a depth of 220 cm. The history of the 
mire went changeable. Phases with relative sedate plant growth are followed by disturbed phases 
caused by covering with sediments, which interrupted the development of the Vegetation. From the 
cores which were extracted with the Dachnowski-sampler probes were gained in a distance of 10 
cm and solubilized with the usual practices of pollen analyses. Two samples were dated by C14- 
method. The deepest sample has an age of 2.800 years. This corresponds to the end of the 
Subboreal or the beginning Subatlanticum. The timber line was in the Subboreal in the Alps on the 
highest level (Kral 1979; Lang 1994). The content of pollens support these datings, because in the 
deepest samples the pollens of elm, lime tree and hazel are present, which later disappear. 
Between 400 BC and 400 AD the formation of an undisturbed layer of peat can be observed. Five 
hundred year ago a deforestation started in the surroundings of the mire, because the curve of the 
pollens of the trees decreases clearly. The deforestation can be connected with clearances caused 
by prospering mining in the Hohe Tauern. The appearance of maize pollen in the top layers points 
out that the mire in spite of intensive grazing did not cease the growth, although the rate of 
increase is very low.

Contribution received at: 04.08.2005 129



In total 30 releves were taken in the mire according to the method of Braun-Blanquet. The flora of 
the Gradenmoos corresponds to the Vegetation in the higher levels of the Hohe Tauern. The 
dominant plant communities are Caricetum nigrae, Caricetum rostratae and moss rieh spring fens. 
Carex paupercula is the one species belonging to the red list of threatened plants (N iklfeld & 
Schratt-Ehrendorfer 1999).

Lichens

In the Gradenmoos and its proximate surroundings 102 liehen species were found. The diversity of 
liehen in the mire is relatively low. Between the phanerogams grow Cladonia arbuscula ssp. mitis 
and C. rangiferina, mainly. The most important substrate in the mire are the boulders. As an 
aquatic liehen Verrucaria funckii occurs on stones in the alluvial fan south of the mire. Aquatic 
lichens are rare in many regions because they prefer undisturbed substrata in a very clear water. 
An important substrate for lignicolous lichens is a bridge in the east of the mire, where 12 liehen 
species occur. In the study area and the surroundings 13 species of the red list of threatened 
lichens of Austria (Türk & Hafellner 1999) could be found.

Bryophytes

The bryophyte flora includes 134 taxa, from which 42 species are listed up in the red list of 
threatened bryophytes (Grims & Köckinger 1999; Saukel & Köckinger 1999). Within the northern 
part of the mire the following Sphagnum species occur: Sphagnum capillifolium, S. compactum, S. 
teres, S. warnstorfii, S. russowii and S. girgensohnii; the latter two can be considered as remnants 
of forest from the time, when the timberline was higher up. In the watercourses patches of 
Scapania undulata, Hygrohypnum alpinum and Hygrohypnum duriusculum can be observed. On the 
wet stones besides the water Anombryum julaceum and Brachythecium rivulare occur. On cow 
faeces the typical mosses Splachnum sphaericum and Tetraplodon mnioides can be seen. The rocks 
in and outside the mire support mosses adapted to slightly drier conditions: Andreaea rupestris, 
Mielichhoferia mielichhoferiana and others. On the other side in the spring fens Philonotis fontana 
und P. seriata, Bryum pseudotriquetrum, Palustriella decipiens, Blasia pusilla and others can be 
observed.

Measures for the conservation of the Gradenmoos

As a further result of this study necessary measures for the conservation of the Gradenmoos are 
derived. A serious problem for the mire is the intensive grazing. This grazing should be ceased or 
at least reduced. The disappearance of some rare species which were found by Mussnig et al. 
(1998) is to attribute to the heavy grazing. Also the results of the investigation of the bryophytes 
display the mire as a biotope worth to be protected. Especially in the spring fens damages caused 
by steps ofthe cattle occur, which cannot be repaired during the Vegetation period.

Concerning the further development of the mire the establishment of monitoring areas would have 
a high significance. From the results of these investigations the future measures of management 
could be derived. Also the repeat of the lichenological studies is recommendable because just the 
lichens are bioindicators for the air quality and for the hemeroby in different terrestrial ecosystems 
(Pfefferkorn & T ürk 1996).
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