The effects of climatic conditions and forest site types on disintegration rates in Norway spruce occurring at the Modrava Peat Bogs in the Šumava National Park
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Introduction
In the present paper the dynamics of mountain spruce stand development on Modrava peat bogs in the Šumava NP was evaluated on an area of 1 370 ha that was severely affected in the past by frequent disturbances, mainly by windthrow and bark beetle outbreaks (Skuhravý 1997). A general objective of this contribution was to describe accelerated disintegration of mountain spruce stands during the 1990s in a model territory between the mountains Luzný and Roklan. The main goal was to analyse the annual augmentation of areas of dry mature spruce trees based on a 10-year series of aerial survey photos (spectrozonal and multispectral ones) using methods in the GIS environment. Additionally, our study addressed the influence of climatic effects and the effect of forest site (climax, waterlogged and peaty spruce stands) on the dynamics of disintegration of spruce stands (Vacek, Krejčí et al. 2009).
Methods
The described territory belongs to the Modrava peat bog complex in the central part of the Šumava NP (Fig. 1). The total area of former National Nature Reserve (NNR, declared in December 1989) was 3 600 ha. In 1991 this reserve was included in Nature Conservation Zone I in the newly declared Šumava NP. In 1995 this territory was declared as a silence area where the admission of the public is limited. The whole complex is classified as wetlands protected by the Ramsar Convention. The varied mosaic pattern of mountain spruce stands and peat bogs has undergone highly accelerated development dynamics in the last 20 years.
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Fig. 1. Localization of the territory of interest on Modrava peat bogs.

 
[bookmark: _GoBack]Fig. 2. The dynamics/the trend of area degradation in forest habitat types affected by water table and in drier stands. 

As the basic map representing the vegetation cover of the territory a forest type map of the National Park and Šumava Protected Landscape Area (PLA) from 2003 (updated in 2005) was used. The typological units of forest vegetation used in the study correspond to the types of forest vegetation. Aerial photographs of sufficient quality were obtained from the administration of the Bavarian Forest NP, where the whole territory of the national park was regularly photographed with spectrozonal camera (bands 4-3-2, i.e. G, R, NIR – near-infrared) or RGB camera (3-2-1). Aerial photographs were always taken in autumn from 1991 to 2000. The source aerial photos were scanned at sufficient resolution (1 200 dpi) and then transformed by means of identical points (15-20 points per photo). Second-order polynomial transformation was used for this processing (Žídek 2003, Krejčí et al. 2013).
Results
After a detailed analysis the annual augmentation of ADTL was mapped in the particular years (see Table 1). At the same time exact measurements were done of the area of the territory concerned, areas of particular forest type groups (FTG) and annual changes in ADTL augmentation: 
- total area of the territory concerned				1351,20 ha,
- total area of forest land (mapped by FTG units)		1325,22 ha,
- total area of timber land					1303,20 ha.
Table 1. Annual changes in the areas with dead trees in the territory concerned 
	Year
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000

	ADTL (ha)
	12.25
	34.68
	68.52
	120.51
	259.19
	459.15
	809.43
	971.8
	1013.15
	1035.45

	% of the total area of the territory
	0.94
	2.66
	5.26
	9.24
	19.89
	35.23
	62.11
	74.57
	77.74
	79.45


The fastest disintegration was observed in FTG 8Y (already in 1995), i.e. at the most extreme (highly skeletal) sites. Waterlogged spruce stands (8P) were another significantly damaged forest type group, i.e. the sites that are periodically waterlogged but that often desiccate in some periods. Spruce stand disintegration took place at the majority of the other sites in a similar way between 1995 and 1997. In that period the most frequently represented acidic spruce stands underwent almost completely the phase of disintegration that culminated in 1997 (when disintegration was observed on ca. 70% of their area). A later onset of disintegration (shifted toward 1997 to 1999) was recorded at heavily waterlogged sites (8G, 8R and 9R).
Stands in drier forest habitat types showed a significantly higher proportion of degraded area already in the second year of monitoring (1992) and this difference lasted till 1996 (Mann-Whitney U test for each year, P< 0.05). Since 1997 the proportion of degraded area in drier and waterlogged stands was similar (Fig 2).
Conclusion
Catastrophic destruction of stands in the studied area due to bark beetle infestation appears to be related to three main predisposing factors: bark beetle outbreak in the adjacent Bavarian Forest NP as result of severe windstorms affecting large parts of the 1st zone, stress during an unfavorable climatic period in winter 1993 weakening the vitality of Norway spruce stands and long anthropogenic influences increasing the vulnerability to epidemic outbreaks of spruce bark beetle (large tracks of allochthonous spruce stands, changed tree species composition, air pollution). The most intensive disintegration occurred in a short period between the years 1994 and 1997, nevertheless the disintegration slightly differed according to site conditions represented by different forest type groups. The fastest disintegration took place in stands on extreme (dry, skeletal) sites and also on acidic gleyed sites where the soil is periodically subjected to waterlogging and possible desiccation.
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