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Introduction
Total forest area in Bavaria is 2.45 million ha (35 %), of which an area of 0.25 million ha 
(10%) is mountain forests. The mixed mountain forests are stocked in the montane zone at 
approximately 500 -1400 m elevation.

Tree species composition: The main species are spruce (Picea abies), fir (Abies alba), 
beech (Fagus sylvatica). Minor species include mainly maple (Acer pseudoplatanus), 
coniferous such as, yew (Taxus baccata) and larch (Larix decidua), and broadleaves such 
as, ash (Fraxinus excelsior), elm (Ulmus glaabra) and Sorbus spp.

Functions of the mixed mountain forests: 
Protection against hazards of the mountainous areas as snow, windstorm, and insects
Protection of steep slopes against landslides, avalanches and erosion
High production of timber on many sites
Attractive tourist area with five million visitors annually 
Additionally, they represent a valuable natural environment.

Objectives: The experiment was conducted in the mid 70s to investigate:
The sufficiency of seeds and their quality in mixed mountain forests
The cause for the loss of the original species diversity
Whether silvicultural techniques improve the establishment of regeneration, and to
examine the effect of these techniques on the development of the regeneration,
competing ground vegetation and mature stand. 
The objective of further investigations is to evaluate the silviculture techniques and  to
recommend appropriate management options. 
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The experiment
It includes plots located in blocks differing in:

Geology (Hauptdolomite and Flysch formations)
Altitude (800 – 1250 m)
Aspect (NW, N, S, and W).

The total number of plots is 25, arranged in:
Main research area with 10 plots having 5 silvicultural
techniques implemented 
Secondary research areas with 14 plots, with 2 different
techniques applied on 12 plots, consisting of 6 pairs and
the last 2 plots located at different altitudes received the
same treatment
Pasture forest with one plot

Geographical location Geographical location 
of the experiment in the of the experiment in the 
eastern Bavarian Alpseastern Bavarian Alps

Location of the experiment

Southern 
Bavaria
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Studied factors and objectsStudied factors and objects

SilviculturalSilvicultural techniquestechniques

Biotic factorsBiotic factorsBiotic factors

SiteSite
Microclimate

Soil
RegenerationRegeneration

Further
development Germination

Seed fall
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GroundGround
vegetationvegetation

Game and cattle
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Mature standMature stand
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No reduction of the basal area
Reduction of 30 % of the basal area
Reduction of 50 % of the basal area
Removing 100 % of the mature stand
Removing 100 % of the mature stand within 
a circular diameter of 30 m

Control
Light Shelterwood
Heavy Shelterwood
Clear-Cut
Group Selection

DescriptionTechnique
The The silviculturesilviculture techniques applied to the mature standstechniques applied to the mature stands

Development of basal area
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50

1976 1980 1984 1988 1992 1996 2000 2004

m2

Control 68%

Light sw 60%

Light sw 56%

Heavy sw 49%

Heavy sw 39%
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Relationship between canopy density (CD)
 and relative illumination

y = 98.523 - 1.837x + 0,0085x2, r2 = 0,99
0

25

50

75

100

0 10 20 30 40 50 60 70 80 90CD (%):

Relative illu-
mination (%)

 Silvicultural techniques and microclimate (summer 77 and winter 78/79) 

Control 68% Light sw 56% Heavy sw 49% Clear-cut 0%
Average day-and-
night temperature 

variation 

3

5

7

∆Ta 
in 
°K

Precipitation 
(17.5-11.10.1977)

600

750

900
mm

Sum of snow 
thickness 

300

400

500
cm

Days with snow 
cover >3 cm

80

100

120
day
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Arrangement of plots in  the main research areaArrangement of plots in  the main research area

ControlControl

Heavy Heavy shelterwoodshelterwood
Light Light shelterwoodshelterwood

Group selectionGroup selection
ClearClear--cutcut

Forest road

Forest road

50 m50 m

FA RUHPOLDING, I 8 aFA RUHPOLDING, I 8 a°°
NN

2.1

1.4

2.3

2.2

1.0

1.1

1.31.2

2.4

2.0

Core area

Surrounding area
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Design of a plotDesign of a plot’’s core areas core area

33m

11m 11m 11m

Fence:
Soil cultivation:

Subplot
inside inside outside
with without without

Meteorological 

Instruments
P L A N T I N G

N A T U R A L  R E G N E R A T IO NSample plots (1m²):

without
soil cultivation

with
Soil cultivation

Seed traps
(0.25 m² )

Fence

11m

22m

33m
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No. of trees/ha
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No. of trees/ha

36 38

20 18
5 5

3636

541589

0
20
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100

1977 2003

%

Light shelterwood (56% canopy density)
Ground vegetation: 0% (1977), 49% (2003)

Spruce Fir Yew Beech Maple Others
Basal area/ha

32.1
44.7

0
10
20
30
40
50

1977 2003

Annual increment = 0.54
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0

25

50

75

1977 2003

cm

 



 

Lehrstuhl für Waldbau, Technische Universität München6 

Slide 11

No. of trees/ha

12 13

50 54

27 21
12 13
256 236

0
20
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Heavy shelterwood (39% canopy density)
Ground vegetation: 1 % (1977), 35% (2003)

Spruce Fir Yew Beech Maple Others
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Clear-cut (0% canopy density)
Ground vegetation: 13% (1977), 15% (2003) 

Spruce Fir Yew Beech Maple Others
Number of saplings/ha

70,000 51,000
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Annual volume increment, 27 years after intervention

ControlLight swHeavy sw

4

6

8

10

35 45 55 65 75 85
Canopy density (%)

m3/ha 

Annual mortality and volume losses over 27 years after intervention m3/ha

0

4

8

12

35 45 55 65 75 85
Canopy density (%)

N/ha
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2

4

6
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Seed fall in the first 5 years after intervention

0%39%56%68%CD:

0

1

2

3

4

5

6

7

Control Light Heavy Clear-cut
Shelterwood 

106 N/Ha
Maple
Beech
Fir
Spruce
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Viable seeds (103N/ha)

 Fir:

 Beech:
 Maple:

 Spruce: y= 0.322x + 6.422, r2= 0.96

y= 0.286x1.048, r2= 0.87

y= 0.325x - 0.120, r2= 0.98

y= 0.421x + 11.415, r2= 0.98

0

300

600

900

0 300 600 900 1200 1500 1800 2100 2400 2700
Seeds (103N/ha)

Viability (%)

 Fir:

 Beech:
 Maple:

 Spruce: y = 46.54x-0.0494 , r2 = 0.12, mean= 34%

y = 0.019x + 35.72, r2 = 0.03, mean= 39%

y = 24.77x0.0458, r2 = 0.06, mean= 32%

y = 87.86x-0.1123, r2 = 0.52, mean= 48%

0

20

40

60

0 300 600 900 1200 1500 1800 2100 2400 2700
Seeds (103N/ha)
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Seedlings (103N/ha)
 Spruce: 

 Maple:

 Beech:

 Fir:
y = 6.44Ln(x) - 20.43, r2 = 0.23

y = 5.49Ln(x) - 7.59, r2 = 0.45
y = 1.13Ln(x) - 0.61, r2 = 0.13
y = 13.69Ln(x) - 31.63, r2 = 0.67

0

25

50

75

0 100 200 300 400 500 600 700 800 900
Viable seeds (103N/ha)

Seedlings (%)

 Fir:
 Beech:
 Maple:

 Spruce: y = -0.004x + 6.99, r2 = 0.03, mean= 6%
y = 27.06e-0.005x, r2 = 0.58, mean= 19%

y = 0.78Ln(x) + 0.74, r2 = 0.10, mean= 3%
y = 7.36Ln(x) + 4.67, r2 = 0.14, mean= 32%

0

25

50

75

0 100 200 300 400 500 600 700 800 900
Viable seeds (103N/ha)
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Survival rate of spruce germinated one year after intervention
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%

Control 76%

Control 68%
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Development
 of ground
 vegetation

Control 76%
Control 68%

Heavy sw 39%

Light sw 56%

Clear-cut 0%

0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28Year:

% coverage
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 Development
 of natural

regeneration

Clear-cut 0%

Light sw 56%

Heavy sw 39%

Control 68%

Control 76%
0
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200
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Density of regeneration, 27 years after intervention

0%39%56%68%76%CD:

0

50

100

150

200

250
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103 N/ha
Others
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Beech
Yew
Fir
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Biomass of regeneration, 10 years after intervention

22472

11491

655

327
225

150
48 6

y = 2561 - 65.218x + 0.416x2, r2 = 1

y = 24204e-0.0936x, r2 = 0,96
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24000
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240
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Development of 
ground vegetation 

Clear-cut 
0%

     Soil 
cultivation:

___  no
-----  yes

Heavy sw 
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Regeneration > 1.3 m height, 27 years after intervention

76% 68% 56% 39% 0%CD:

Fence:
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7500

10000

12500

15000
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Above-ground dry weight on 
a clear-cut plot, 10 years 

after intervention
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Mean height of regeneration, 27 years after intervention

76% 68% 56% 39% 0%CD:

Fence:
0

100

200

300

400

500

600

yes no yes no yes no yes no yes no

Control Control Light Heavy Clear-cut
Shelterwood 

cm
Spruce
Fir
Yew
Beech
Maple
Others

 

Slide 26

Summary and conclusions:
All assumptions for an adequate regeneration in the mixed mountain forest are given: 

The stands produce seeds plentifully
The seeds are of high vitality
The regeneration contains in high density the tree species comprised of the trees composition
of the old stands. 

Game browsing is the main cause for the loss of the original species diversity.
The establishment and development of the regeneration can be regulated through silviculture

measures. The sapling growth is at best under total open canopy. However, large clear cutting 
can not be recommended in mountain forests.

If for whatsoever reasons, clear-cut or intense canopy opening is carried out, care must be taken
that prior to the implementation of such measures, sufficient regeneration is available on the forest 
floor, and if not, regeneration must be initiated immediately by planting.

Soil cultivation was of no benefit for the establishment or the early growth of the seedlings and, 
therefore, superfluous.

Because of high game browsing, all silvicultural techniques are liable to fail without protection or 
control of  the game population.

Regeneration periods are long in the mountain forests. For the purpose of secure regeneration in 
shorter period, a slight opening up of the canopy can be made to improve the survival of the 
young plants. After a good establishment of regeneration, further opening up of the canopy can be 
gradually undertaken.

There is a set of management options for the mountain forests. Depending on the desirable goal, 
those options, which focus on stand stability and vitality as well as securing adequate 
regeneration, are appropriate and can be practiced. Preservation or non-intervention can be 
considered as an option if a decisive rationale, whether ecological or economical, is given.
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Management options in mixed mountain forests of the Bavarian Alps
Hany El Kateb, Christian Ammer, Joachim Schmerbeck, and Reinhard Mosandl

Chair of Silviculture and Forest Planning, Technische Universität München, Am Hochanger 13, 85354 Freising, Germany

A comprehensive study on management of mixed mountain forests was initiated 27 years ago in the 
eastern Bavarian Alps. The main tree species of these forests are spruce, fir, beech, and maple. The 
study included 25 permanent plots of 0,5 ha in size. These were located in blocks, which differed in 
geology (Hauptdolomit and Flysch formations), altitude (800 - 1250 m), and aspect (northwest, north, 
south, and west). The age of the stands investigated ranged from 100 to 150 yeas. Based on the 
reduction of the initial-stand basal area, five different management options were practiced. These were: 
control (non-intervention), light shelterwood cut (30% reduction of the basal area), heavy shelterwood
cut (50% reduction of the basal area), clear cut (removing 100% of the mature stand), and group 
selection (removing 100% of the mature stand within a circular of 30 m diameter). Further management 
options pertaining to the regeneration were involved, including fencing, and soil cultivation. Two-thirds 
of the area of each plot were permanently fenced in order to investigate the impact of game browsing 
on the regeneration. One-third of the plot within the fenced area received soil cultivation to advance 
germination. 
A wide range of data was collected from each plot including measurements on soil, bioclimatic 
conditions, stand characteristics, seed and litter fall, regeneration, and competing ground vegetation. 
Information on litter and seed fall was gained from installed 30 litter traps on each plot. Measurements 
related to the regeneration and ground vegetation were based on 96 circular plots of 1 m2 in size. The 
data was collected over several years of observation. The most recent was in autumn 2003, which was 
followed by a second reduction of the basal area of the shelterwood plots. The acquired information 
was used to judge the different silvicultural management-options.
Plots received the management option “non-intervention” was at disadvantage. The survival as well as 
the relative growth rate of mature stands on the control plots were lower than those on the shelterwood
plots. The mortality of the understory trees was high in the control plots, resulting in less structured 
stands as the age increased. Stability was substantial for stands receiving slight intervention. Stands on 
the heavy shelterwood plots were at higher risk for windthrow.
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Gaps resulting from the death of individual trees in the dense control plots were too small to improve 
the light environment at a level, at which the survival of regeneration can proceed. Only shade tolerant 
species could survive. In contrast, opening up the canopy improved the establishment of the 
regeneration with tree species composition analogous to that of the mature stand. The survival, density, 
growth, and biomass production of the regeneration were dependent on the degree of opening up the 
crown layer. The same was valid for the biodiversity. However, opening up the canopy improves the 
condition for the establishment of the competing ground vegetation. The time for intervention to take 
place is therefore meaningful, particularly when a clear cut or a group selection technique is employed. 
To avoid the dominance of undesired ground vegetation and the subsequent long regeneration period, 
an intervention should only be carried out when sufficient density of the regeneration on the forest floor 
is available or when fructification is indicated for the species of interest. A safe technique is a slight 
opening up of the canopy with the goal of improving the light conditions for the survival of regeneration. 
When the regeneration is established, a further intervention can be carried out to improve the growth of 
the regeneration. Using such goal-directed interventions, the long regeneration period can be 
considerably curtailed. In addition, income can be generated from harvested trees. Felling and skidding 
did not significantly affect the regeneration. Irrespective of the intensity of an intervention, a limiting 
factor, which hampers the regeneration development in the investigated forests, is game browsing. 
Successful management depends on the control of this factor. Contrarily, soil cultivation proved to be 
superfluous. 
Depending on the management goal, diverse management options in mixed mountain forests can be 
practiced. Silvicultural systems, which focus on stand stability and vitality as well as securing adequate 
regeneration, are appropriate for the management of mixed mountain forests. Non-intervention or 
preservation as an option in these forests should only be considered when a decisive rationale, 
whether ecological or economical, is given.

EL KATEB, H.; AMMER, CH.; SCHMERBECK, J.; MOSANDL, R. (2004): Management options in mixed mountain 
forests of the Bavarian Alps. In: AMMER, CH.; WEBER, M. ; MOSANDL, R. (eds.): Regenerating Mountain Forests. An 
international Conference of the IUFRO units 1.05.14, 1.05.08, 1.05.00, 1.14.00. Kloster Seeon, Germany, 16-17
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