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INTRODUCTION

Mountain ecosystems are projected to experience a higher rate of climate warming than most other
regions of the world (IPCC 2007). For example, the average warming within the last century was
1.6°C in south-eastern Switzerland, which is two times higher than the average increase for the
Northern Hemisphere (Wipf et al. 2013). The growing season has lengthened an average of 2.7 days
every decade since 1951 (Defila & Clot 2005; OcCC 2008). Longer growing seasons enable plants
to grow at higher elevations. Lenoir et al. (2008) estimated that forest species shifted their optimum
distribution by 29.4 m/decade in the 20th century based on the altitudinal optimum of 171 species in
France. Elevation shifts of distribution towards mountain summits, spread of thermophilous species,
colonisation by new species from warmer areas and phenological shifts are already evidens for all
considered taxonomical groups, including higher plants (Vittoz et al. 2013). These changes will
likely cause extinctions for alpine species (competition, loss of habitat) and lowland species
(temperature or drought stress). On the other hand warmer conditions induce an upward shift of the
tree line and in species distribution. In addition important turnovers for the dominant forest trees are
to be expected (Vittoz et al. 2013).

The aim of the study was to determine the state of health of two dominant conifers from the
montane to the subalpine belt along an elevation transect in the Alps. Another goal was the compare
the health status of the selected taxa in the light of the possible elevation shift. We hypothetized that
the most severely deteriorated plants occur in their lowest elevation in both taxa.

MATERIALS AND METHODS

The examinations were executed in the Hochkar Mountain, in the Eastern Alps along a vertical
transect from 800 m to 1750 m amsl. Among the dominant species of the given vegetation belt 3-3
individuals were measured in 50 meters. In the montane and supermontane belts (800-1500 m) the
Norway spruce (Picea abies), while in the subalpine belt (1550-1750 m) the dwarf mountain pine
(Pinus mugo) were investigated with an acoustic tomograph. The measurements were completed in
different heights from the soil respecting the various physiognomy of the species (0.4, 0.8, 0.2 m for
P. abies and 0.2, 0.4 m for P. mugo respectively).

Measurements were made using the FAKOPP 3D acoustic tomography, which is able to detect the
size and location of decayed or hollow regions in the trunk non-destructively (Trenyik et al. 2017).
This mobile instrument is suitable for determining the extent of rotting by using a method not
destroying tree tissue. Parallel to the fibers the propagation speed of sound can reach 4000 to 5000
m/s; it is 15 times faster than in the air. FAKOPP has been developed based on this considerable
difference as well as on the fact that propagation speed of sound waves is in strong correlation with
the mechanical characteristics of wood substance (Divos & Divos 2005). This advanced method of
examination measures the propagation speed of sound within the tree. The basic measurement
principle is that sound velocity drops if there is a hole between two sensors. The existence of
deterioration and cavities are mapped by identifying the change of propagation speed (Divos et al.
2005, 2008). FAKOPP is generally used in case of park trees in order to examine the health status
of one specimen (Trenyik et al. 2018). There was no previous example of using it on dominant
coniferous trees (Picea abies and Pinus mugo) in systematically selected elevations along a vertical
transect, thus our examination can be considered as novum.
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RESULTS AND DISCUSSION

The highest rate of deterioration (56%) and the highest average deterioration considering all
examined layers were detected in the lowest altitude (800 m) of the Picea abies. This could refer to
significant stress which indicates the changes’ rapidity in the montane and supermontane belt.
According to the lower rate of decay and the standard deviation, the altitudinal optimum of the
species is presently around 1000 m and above 1400 m. The lowest average deterioration (1.44%)
was recorded in the highest stands dominated by Picea abies at 1500 m amsl. From 900 to 1200 m,
and above 1400 m, the decay of Picea abies had similar values than the managed and mixed-age
Quercus petraea stands in the Carpathian Basin (Trenyik et al. 2017, 2018). The extent of the decay
of the species slightly decreases from the ground level.

In the case of Pinus mugo, the degree of decay was the lowest (6.67%) in the upper limit of the
subalpin belt. The measured decay of Pinus mugo was varied in a very tight scale and only in the
highest parts, in the upper limit of the species habitat showed changes.

Our measured data correspond with the field observations of Lenoir at al. (2008) and the model of
Vittoz et al. (2013) which predicts the future expansion of species and vegetation belts to the higher
alpine zone in line with the warming temperature.

CONCLUSIONS

Our results showed that the individuals of Picea abies had the worst health status in the lower limits
and the best health status in the higher limits of the species habitat, which predicts the spreading of
the species and its dominated stands to the higher levels. In the case of the Pinus mugo, the
frequency of the investigations were not sufficient to express the changes clearly. According to our
results, the sensitivity to the global warming of the dominant tree species in the supermontane belt
and their altitudinal optimum could be expressed by instrumental examinations.

REFERENCES

Defila C., & Clot B. (2005): Phytophenological trends in the Swiss Alps, 1951-2002. Meteorologische Zeitschrift 14:
191-196.

Divos, F., Divos, P. (2005): Resolution of Stress Wave Based Acoustic Tomography. In: 14th International Symposium
on Nondestructive Testing of Wood 2005, University of Applied Sciences, Eberswalde, Germany 2005.

Divos, F., Denes, L., Iniguez, G. (2005): Effect of crosssectional change of a board specimen on stress wave velocity
determination. Holzforschung, 59:230-231.

Divos, F., Divos, P., Divos, Gy. (2008): Acoustic Technique use from Seedling to Wooden Structures. Proceedings of
the 15th International Symposium on Nondestructive Testing of Wood Duluth, Minnesota. Domokos, P., 2003:
Recent precipitation trends in Hungary in the context of larger Scale climatic changes. Natural Hazardous, 29:255—
271.

IPCC (2007): Fourth Assessment Report of Intergovermental Panel on Climate Change, 2007. URL:
http://www.ipcc.ch.

Lenoir J., Gegout JC., Marquet PA., de Ruffray P., Brisse H. (2008). A significant upward shift in plant species
optimum elevation during the 20th century. Science 320: 1768-1771.

OcCC. (2008). Le climat change - que faire? Le nouveau rapport des Nations Unies sur le climat (GIEC 2007) et ses
principaux résultats dans 1’optique de la Suisse. Berne: OcCC. http://www.proclim.ch

Trenyik P., Ficsor Cs., Demeter A., Falvai D., Czobel Sz. (2017): Examination the health state with instrumental
measurements and the diversity of sessile oak stands in Zemplén mountains. Columella - Journal of Agricultural
and Environmental Sciences 4 (1): 21-30. DOI: 10.18380/SZIE.COLUM.2017.4.1.21

Trenyik P., Skutai J., Szirmai O., Czobel Sz. (2018): Instrumental analysis of health status of Quercus petraea stands in
the Carpathian Basin. Central European Forestry Journal 64: 100-100 online first. DOI: 10.1515/forj-2017-0040

Vittoz P., Cherix D., Gonseth Y., Lubini V., Maggini R., Zbinden N., Zumbach S. (2013) Climate change impacts on
biodiversity in Switzerland: A review. Journal for Nature Conservation 21: 154-162

Wipf S., Stockli V., Herz K., Rixen C. (2013): The oldest monitoring site of the Alps revisited: accelerated increase in
plant species richness on Piz Linard summit since 1835. Plant Ecology & Diversity 6: 447-455.
https://doi.org/10.1080/17550874.2013.764943



http://www.ipcc.ch/
https://www.tandfonline.com/toc/tped20/current
https://doi.org/10.1080/17550874.2013.764943

