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Summary 

Drought is known to have a large influence on forest health and to be one of the most important factors triggering 
both temporary declines and the mortality of susceptible species in temperate forests (e.g. ALLEN et al. 2010; 
ANDEREGG et al. 2015). Tree mortality and forest die-off events are expected to increase as a result of further global 
warming and increasing drought stress (ALLEN et al. 2015). Tree ring analysis gives a long-term perspective of tree 
growth and stand dynamics, and allows determination of environmental stresses (e.g. SCHWEINGRUBER 1996). The 
focus of this study was to evaluate the impact of drought stress on long-term growth trend and stability of two 
contrasting forests located within protected areas in the inner Alpine dry valley of the Inn River (Tyrol, Austria): a 
xeric Scots pine forest (Tschirgant-Bergsturz) and a grey alder dominated riparian forest (Mieminger and Rietzer 
Innauen). Selected stands are within c. 15 km in linear distance. The study area has a relatively continental climate 
with mean annual precipitation and temperature of 716 mm and 7.3 °C (long-term mean during 1911-2013). To 
accomplish our goals dendroclimatological techniques were applied (e.g. HUGHES et al. 2011). 
 
On a postglacial rock-slide area (Tschirgant-Bergsturz) situated in the montane belt (c. 750 m asl; cf. PRAGER et al. 
2008) we found that radial growth of Scots pine (Pinus sylvestris L.) growing on shallow, stony soils responds 
extremely sensitive to water availability during spring (April to May) and wood formation already peaks in May 
prior to occurrence of more favorable environmental conditions, i.e. increase in precipitation in summer (GRUBER 
et al. 2010, SWIDRAK et al. 2013, OBERHUBER et al. 2014). Evaluation of long tree ring series (>150 yr) revealed a 
stepwise growth decline of trees predisposed to die, which indicates that the effects of drought stress accumulated 
slowly until tree death occurred (OBERHUBER 2001). The long-term nature of the individual mortality process 
illustrates that P. sylvestris can sustain growth at very low rates for decades and emphasizes the role of 
accumulated stress or slow-acting processes (e.g. competition) in tree mortality (SCHUSTER & OBERHUBER 2013, 
CAILLERET et al. 2017). Accordingly, moderate growth reduction and only sporadically found tree death of 
P. sylvestris in response to the extraordinary 2003 heat-wave can be related to (i) spring precipitation as the 
primary growth limiting climate variable, (ii) biological preconditioning in previous years and (iii) substantial lag 
effects associated with drought impacts (PICHLER & OBERHUBER 2007). Although results of this study provide 
evidence that drought-prone forest ecosystems dominated by P. sylvestris show a high resilience against short-
term climatic stresses, xeric sites within dry inner Alpine valleys might gradually become treeless or be replaced 
by more drought tolerant tree species like Quercus spp. as a result of climate change (cf. RIGLING et al. 2013).  
 
P. sylvestris also dominates along riversides on free-draining gravel beds, which are only occasionally subject to 
flooding. The dominance of P. sylvestris at these sites is thought to be caused by high tolerance of water table 
fluctuations alternating with soil drought during the growing period (POLACEK et al. 2006). For this reason P. 
sylvestris is able to invade the riparian forest of the special nature protection area Mieminger and Rietzer Innauen 
(c. 635 m asl). Stands, currently dominated by grey alder (Alnus incana Moench.) grow on rarely flooded alluvial 
terraces (flooding occurs about once every 10 years; cf. GATTERMAYR & STECK 2006), and are exposed to extreme 
seasonal fluctuations of the water table (>2 m). We evaluated the impact of fluctuations of the water table and of 
climate factors (precipitation, temperature) on year-to-year variability of tree growth and long-term basal area 
increment of dominant tree species (ASTER 2015, DEMAR 2015, RASS 2017). Statistically significant correlations 
between water availability and annual increments of grey alder indicated that tree growth is severely constrained 
by water supply in spring and summer leading to reduced stand height, lower basal area increment, pronounced 
top-killing and crown-thinning at some sites. Results also revealed that drought stress during the growing season 
caused only temporary growth reductions and no distinct decrease in long-term trend of basal area increment was 
detected. However, owing to mean tree age >50 yr of some stands, tree mortality (most likely drought triggered) 
will increase in the future. Whether P. sylvestris can subsequently spread in developing gaps of the riparian forest 
will depend on the duration and frequency of extreme weather events, i.e. drought, heat-waves and flooding. 
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