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Comparative studies of gap-phase regeneration in 
managed and natural beech forests in different parts of 

Europe: relations between tree regeneration and light, soil 
conditions, and ground vegetation 

Report from research assessing interactions and comparing gap conditions, ground vegetation 
tree regeneration in natural and managed beech forests (D21) 

 

5. Case studies from Germany (partner report) 

5.1. Summary  

A key topic within the Nature-based Management of Beech in Europe (Nat-Man) project were 
studies carried out within gaps in beech forests. Work package 3 of the project dealt 
specifically with regeneration and ground vegetation within gaps in managed and unmanaged 
forests. The results of these studies for the Central European region are contained within this 
report.  

The studies were carried out in a two forests in the centre of Germany, in the managed beech 
forest Mühlhausen and a nearby near-natural beech forest located in Hainich National Park. 
Both forests belonged to the Hordelymo-fagetum association and were located on similar 
sites, subjected to similar climatic conditions. 

The aim of the study was the determine differences between the regeneration process in 
managed and near-natural forests. The results of the study make clear that many of the 
differences observed were based upon the differences in the sizes and the shapes of the gaps 
studied in the two forests. The naturally occurring gaps did not achieve the large dimensions 
of the man-made gaps, nor where they as regularly shaped. These two factors had an 
important impact on the light climate in the gaps, with an average light intensity of 12% in the 
gaps in the natural forest, compared with 26% in the smaller man-made gaps. These 
differences in light intensity were reflected in the height growth of the seedlings in both 
forests and in the differences in the ground vegetation, with light demanding species almost 
entirely absent in the gaps in the Weberstedter Holz. The effect of fencing was also studied 
and revealed that even amongst the slow growing seedlings in the natural forest, there was a 
greater increase in the overall height growth within the fences over the two recording periods. 

 

5.2. Introduction 

The main objectives of Work Package 3 (WP3) of the Nat-Man project, as stated in the WP3 
work plan were twofold, namely: 

• to determine the ecological differences in gap-phase regeneration and ground 
vegetation patterns between natural and managed European beech forests and  

• to identify suitable methods to naturally regenerate European beech forests. 

To this end, each partner collated and reviewed existing studies into gap regeneration in 
natural and managed beech forests in each of their respective regions, summarised in the 
literature review Deliverable 3 of the Nat-Man project.  
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Additionally, each partner carried out there own research at selected sites within their own 
region, in both natural and managed beech forests. For the Central European region the new 
studies were carried out in two forests in Thüringen, in the centre of Germany, the results of 
which are presented in this report. Conditions in gaps in natural forests were studied in the 
Weberstedter Holz, located in the Hainich National Park, with a managed forest in the nearby 
forest district of Mühlhausen. The gaps studied in the Weberstedter Holz were naturally 
occurring, whereas those in Mühlhausen were made artificially in 2000, prior to the start of 
the Nat-Man project.  

In 16 gaps, ten in the Weberstedter Holz and six in Mühlhausen, studies of the tree seedling 
regeneration and the ground vegetation were carried out. Tree regeneration was studied on the 
basis of species size, abundance and distribution as a function of gap size and light intensity, 
as well as the effect of browsing.   

 

5.3. Materials and Methods 

5.3.1. Research sites 

Partner 10 of the Nat-Man project, namely the Institute of Silviculture of the University of 
Freiburg, Germany, carried out field work in two separate forests for the purposes of Work 
Package 3 (WP3). Both forests are located in the state of Thüringen, in the geographical 
centre of Germany. The aim of WP3 was to study gap-phase regeneration in both managed 
and natural beech forests throughout Europe. The two forests selected for Germany were 
chosen as they were deemed to be representative of calcareous beech forests in Central 
Europe. Though not all beech forests in the region are located on calcareous sites, indeed a 
great many Central European beech forests are located on acidic sites, there are no such 
natural beech forests remaining, and therefore no reference point is available for study. 

The first of the two research sites is located in the Weberstedter Holz, within the Hainich 
National Park, and represents a good example of an unmanaged, near natural Central 
European beech forest. Figure 1 provides a map of Germany, highlighting the location of 
Hainich. The second forest is located approximately 30km to the north, in the forest district of 
Mühlhausen. A beech Plenterwald aged 100 years. In the WP3 work plan it was stated that it 
would be preferable if both forest types were located within one forest. This proved not to be 
possible in Central Europe due to the paucity of remaining natural beech forests. Generally 
only very small such areas remain and are mostly protected. Such unmanaged natural forests 
rarely co-exist with managed forest areas. The proximity of the two sites, the similar geology, 
altitude and climate were deemed a suitable compromise, however. The two research sites are 
described in more detail in the following section.  
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Figure 1: A map of Germany, highlighting the location of Hainich in the centre of the country. Source: 
Mönninghof (1998). 

 
 

5.3.1.1. Weberstedter Holz 
After much debate the former Soviet army tank practise range at Hainich was declared a 
National Park in 1997, and is the largest continuous expanse of broadleaved forest remaining 
in Germany, representing what would once have been the typical landscape of the colline to 
sub-montane zones of Central Europe (Großmann 2001). The park comprises an area of 16 
000ha, 13 000ha of which is forest. There are two protection zones within the park. The first 
are large heath areas, partly being left to succession and partly being maintained as open areas 
by means of sheep grazing. The second, the core protection zone, consists principally of 
forest, which is of interest as it has gone largely unmanaged for many years, and is one of 
only a few remaining forest areas to exhibit such a high degree of naturalness.  

In the summer of 1999, the Institute of Silviculture, of the University of Freiburg, was granted 
permission to establish a permanent research site in the Weberstedter Holz, part of the core 
protection zone within the National Park. The Weberstedter Holz is one of most suitable sites 
in Central Europe for research into near natural Central European beech stands, due its 
relatively large area, the management history and its protected status.  
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5.3.1.1.1. Location 
The research site in Weberstedter Holz is located on 28ha at 51°4’44” latitude and 10°26’31” 
longitude. It lies between approximately 425-455m above sea level, with a gentle decline in 
the north easterly direction. The average annual temperature is 6.5°C, with precipitation of 
720mm. The soil of the research area is derived from limestone parent material, and is a 
loamy clay over a calcareous rendzina or brown rendzina. 

 

5.3.1.1.2. Management History 
The stand was managed as coppice with standards in the past, but allowed to develop into 
high forest in the 18th or 19th century. In 1951 the last management plan was drawn up, and in 
1956 the land was converted to a military training area, for use by the Russian army, in whose 
hands the land remained until 1990. There is no reliable information available for this period, 
but some extensive forest management did take place, and in 1992 there was a final cutting in 
Weberstedter Holz, which impacted on 5ha on the eastern side of the research area. The only 
intervention since 1992, was to remove any remaining ammunition, but no trees were felled 
and no lying timber was removed from the stand.  

During the last fifty years, the stand has remained essentially untouched from the point of 
view of production, with only a small volume of timber removed. Over this period, the beech 
stands have to a large extent regained a natural character.  

 

5.3.1.1.3. Forest Description 
The forest association in the Weberstedter Holz is Hordelymo-Fagetum, with beech (Fagus 
sylvatica) accounting for 90% of the trees, together with ash (Fraxinus excelsior), hornbeam 
(Carpinus betulus), sycamore (Acer pseudoplatanus), Norway (Acer platanoides) and field 
maple (Acer campestre), wych elm (Ulmus glabra), and one or two limes (Tilia spp.), oaks 
(Quercus spp.), cherries (Prunus avium)and aspens (Populus tremula). To the north east of 
the research site is a gully, where the soil is significantly more moist than the rest of the stand. 
Here beech gives way to ash, sycamore and wych elm, the Fraxino-Aceretum pseudoplatani 
association.  

An inventory of the research site revealed that there are 15 064 living trees on the 28ha 
research site. The average number of trees over 1cm dbh per hectare is 537, the species make 
up of which is contained in table 1. The upper canopy trees are evenly distributed across the 
research area. Dominant beech trees reach a maximum of 42m in height, with the average at 
34m. The average height of dominant ash trees on the site is 36m, the tallest being 47m. 

Table 1: Partial results of the inventory carried out in the Weberstedter Holz, detailing the number of trees per 
species per hectare, and the proportion of each species relative to the total number of trees.  

Species No. trees/ha % of total 
Beech 482 90 
Ash 20 4 
Hornbeam 15 3 
Sycamore/Maples 13 2 
Elm 6 1 
Others 1 0 
Totals 537 100 
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5.3.1.2. Mühlhausen 
The managed forest at Mühlhausen is a younger stand than that of Weberstedter Holz, 
approximately 100 years of age. The forest is managed as a selection forest, or Plenterwald. 
Mühlhausen is situated at a similar altitude to the Weberstedter Holz, is also on limestone 
parent material and is subject to virtually the same climatic conditions. The forest association, 
like the Weberstedter Holz, is Hordelymo-Fagetum.  

5.3.1.2.1. Location 
The research site is located in a forest area of 25ha, 5km to the east of the town Mühlhausen. 
The forest lies at an elevation of 400-430m, and is relatively even, with a slight decline to the 
south. The soils are weathered calcareous loams with mull, 60% moderately moist rich 
calcareous clay and 40% moderately moist rich loam. The parent material is shell limestone 
(Conrad, in preparation). 

Mühlhausen is located at the transition from a sub-atlantic to the continental climate. The 
average annual temperature is 6.3°C, with precipitation of 700mm each year. The vegetation 
period lasts 162 days, from the 4th May to the 13th October (DWD, 2001).  

 

5.3.1.2.2. Management 
Selection forests account for approximately only 1% of the forest area in Germany. The 
largest concentration of beech selection forest can be found in the state of Thüringen, which 
possess about 10 000ha of beech selection forest. These forests have been managed in this 
way over long periods of time by the local population who used the forests principally for 
firewood (Burschel & Huss 1997). The stand in Mühlhausen is belongs to this small area of 
Plenterwald. 

 

5.3.1.2.3. Forest Description 
The research site is located in a mixed beech stand. Beech accounts for 90% of the trees, with 
10% admixed species, principally ash and sycamore. The overstorey is two-tiered, with a ten 
year old understorey, consisting of 65% beech, 30% ash and 5% sycamore (Conrad, in 
preparation). Some of the inventory results are summarised in table 2.  

Table 2: Mühlhausen inventory results. Source: Forest Management Plan 1999. 

Species Area (ha) Age Height (m) DBH (cm) Volume 
(m³/ha) 

Beech 22.7 98 29 34 407 
Ash 2.5 98 31 38 449 
 

5.3.2. Methods 

The aim of the research in both forests was to collect data relating to tree regeneration and 
ground vegetation in gaps in managed and unmanaged forests, and discern any relationship 
between the former and the environmental conditions within the gaps. The focus of the study 
was on the early phases of development within gaps; germination and seedling growth in 
newly created gaps, and seedlings and saplings in existing gaps.  

It was stated in the work plan, that all gaps chosen for study should be ecologically similar in 
order to avoid outliers. This is the case in both Mühlhausen and the Weberstedter Holz. The 
study was carried out within an area of 28ha in the Weberstedter Holz and 25ha in 
Mühlhausen. Both research areas are relatively homogenous within themselves, and also quite 
similar to one another. There is little variation in elevation, climate and soil factors between 
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the two sites. No gaps were studied in the small Fraxino-Aceretum pseudoplatani area in the 
north east of the Weberstedter Holz, but restricted to the Hordelymo-Fagetum. 

The required total of 16 gaps outlined in the work plan were studied. Contrary to the work 
plan, however, which called for eight gaps in the unmanaged forest and eight in the managed 
forest, six of the gaps were located in the managed forest Mühlhausen, and ten in the 
Weberstedter Holz. This is due to the fact that the gaps were made in Mühlhausen prior to the 
finalisation of the work plan. 

According to the work plan it was desirable to study all 16 gaps on one site if possible and 
reasonable. This was not possible in for the Central European region, however, as no suitable 
beech forest combining managed areas and unmanaged semi-natural areas could be found.  

 

5.3.2.1. Gap sizes 
According to the work plan, the size of the gaps intended for study was to be determined by 
the Gap Ratio (GR), namely the gap diameter divided by the mean tree height. Theoretically 
the gap ration should be representative of natural gap sizes occurring in the natural forests of 
each particular region. As such semi-natural reference forests frequently no longer exist in 
many parts of Europe, two gap ratios were suggested, namely 0.4-0.5 and 1-1.5, in other 
words with diameters of approximately 20m and 40m respectively. This was to provide for 
some degree of comparability of the results from the different partner countries. In the case of 
the managed forest Mühlhausen, the gaps in the canopy were made prior to the creation of the 
work plan and the determination of the appropriate gap sizes. Consequently, three of the six 
gaps were cut with a diameter of 30m and the other three with a diameter of 60m, equivalent 
of gap rations of 0.9 and 1.7 respectively.  

Gap sizes in the Weberstedter Holz also deviated from the work plan as the forest is located 
within the core protection zone of the Hainich National Park. Due to the National Park 
designation, we have to accept conditions in the park as we find them. The study had to be 
restricted to the gaps already present in the canopy. It was not possible to create new gaps, or 
enlarge existing gaps to suit the purposes of the study. The result is that many gaps do not 
reach the sizes recommended in the work plan for WP3. 

The gaps in the canopy of the Weberstedter Holz were first recorded in March 2001 using a 
Jenoptik LEDHA-GEO laser dendrometer, and mapped in ArcView GIS. Of the 46 gaps 
recorded, which had an average area of 113m² and a range of 9m² to 435m², ten were selected. 
Five fenced and five unfenced gaps were selected using random numbers. The ten gaps 
selected have a size range of 36m² to 306m², with an average size of 118m². Six gaps have an 
area of less than 100m², and three greater than 125m². When the gaps were measured and 
mapped in 2001, however, it was the gaps in the canopy that were recorded, and not the actual 
gaps on the ground. In other words, non-canopy trees within the gap were ignored even 
though they may have had relatively large dimensions, and had a severe impact on the 
radiation reaching the ground. Consequently, the real gap sizes have been exaggerated. The 
areas of the two gap sizes in Mühlhausen, on the other hand, were 707m² and 2827m².  

 
5.3.2.2. Sampling design within gaps 
Prior to beginning sampling within the gaps selected for WP3, the partners agreed upon using 
a grid system sampling design. The form the sampling was to take is illustrated in figure 2 
below. The extent to which data collection adhered to, or deviated from the sampling design is 
discussed for each of the two research sites below. 
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Figure 2: Sampling design for the gap studies carried out in WP3. Source: WP3 work plan (Diaci & Rozenbergar 
2001) 

 
 
 

5.3.2.2.1. Weberstedter Holz 
The Institute of Silviculture of the University of Freiburg began work in the Weberstedter 
Holz in the autumn of 1999. The first task carried out was to lay out a 50m x 50m raster grid 
over the 28ha research site. The irregular shape of the 28ha plot, as can be seen in figure 3, 
was determined by the presence of a forest road to the south, old management compartment 
boundaries to the north and west, and the presence of another plot set aside for the purposes of 
research to the east. Each raster point falling within the 28ha plot was marked with a stake 
and given a grid number.  
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Figure 3: ArcView layout depicting the Weberstedter Holz research site, the 50 x 50m raster grid and the canopy 
gaps recorded in 2002. Source: Butler Manning (2003), edited.  

 

 

 

Following a complete inventory of the 28ha site, which included the mapping of each tree, the 
gaps in the forest canopy were mapped. Of the 46 gaps recorded in 2001, ten were selected 
using random numbers, five fenced gaps and five unfenced. The sampling design within the 
gaps adhered closely to the design suggested in the work plan for WP3 (Diaci & Rozenbergar 
2001). 

A grid of 5m x 5m was established across the entire area of each of the gaps. In each case, the 
grid was orientated around a point in the gap centre. As the gaps in the Weberstedter Holz are 
by enlarge very asymmetrical, a clear central point was not always obvious. The chosen point 
was, therefore, based on a judgement made on the ground assisted by the gap maps created in 
2001. From the central point the sampling points were extended to the north and the south, a 
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sampling point every 5m, with further south-north grid lines running parallel to the central 
axis at 5m intervals. The sampling grid was also extended beyond the gap, under the crowns 
of the gap edge trees in order to study the gap edge effect. The sampling points extended 
further into the area below the canopy to the north, than to the south, west and east, due to the 
DIRSF (direct site factor) distribution, i.e. the fact that direct light extends further into the 
northern part of the gap.  

In the first year, a standard extension of 12m to the north of the gap was used, and 7m in the 
other directions. Due to the asymmetrical nature of the gaps in the Weberstedter Holz, this 
extension was in some cases too great, occasionally longer than the actual diameter of the gap 
itself. Some sampling points at the outermost edges of the grid where removed in subsequent 
recording periods.    

Figure 4: Sampling design for gap 20 in the Weberstedter Holz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.2.2.2. Mühlhausen 
In January 1999 the University of Freiburg undertook a study of ‘beech dominated deciduous 
forest under the influence of climate and management’. Later that same year research into 
regeneration in beech forests began in Mühlhausen community forest. The aims of the 
regeneration studies were to obtain information concerning the effect of shelterwood density 
on regeneration, in terms of establishment, development and quality.  

Four different silvicultural treatments were tested, each with three repetitions. The four 
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60m. The latter two treatments were suited for the purposes of the Nat-Man project, also. 
Despite a number of differences in terms of the experimental design, Mühlhausen was 
ultimately chosen because of the lack of forests available for the purposes of research, and its 
proximity and similarity to the Weberstedter Holz.  

Figure 5 illustrates the layout of the research site in Mühlhausen. A forest road runs along the 
southern end of the research site in an east-west direction, which leads to a highway after 
about 2km in each direction. The first of the large gaps is located approximately 50m north of 
the forest road, and the first small 30m further. The two gaps are located on either side of an 
extraction track. These two gaps lie on the loamy part of the research site. The other four, 
more northerly gaps are located on the richer carbonic clay.  

Figure 5: Layout of the three 30m and three 60m gaps in the managed forest Mühlhausen, alongside the 
shelterwood treatments and the control plots. Source: Conrad (in preparation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Mühlhausen, each of the six gaps has been fenced off to exclude deer. The 30m gaps are 
surrounded by 30 x 30m fence and the 60m gaps by a 60 x 60m fence. Sample plots were 
established on north-south and east-west transects through the gaps. Each sample plot was 
5m² in size. The layout of the sample plots is illustrated in figure 6.  
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Figure 6: Layout of sampling plots within the large gaps in Mühlhausen. 

 

 

 

 

 

 

 

 

 

 
 

 
5.3.2.3. Data collection within the grid plots  
In the following section the parameters recorded in each forest and the methodology applied 
are outlined. The recordings in the Weberstedter Holz followed quite closely the methodology 
outlined in the work plan, with any deviations also detailed. In Mühlhausen, on the other 
hand, deviations from the work plan were much greater and frequent for the reasons already 
mentioned, namely the prior establishment of the research site, as well as slightly different 
objectives of the original study. 

 
5.3.2.3.1. Ground cover 

For each of the 1m² plots within the gaps in the Weberstedter Holz the ground cover was 
recorded. The main component of the ground cover was the ground vegetation, but also 
included recordings of the tree seedlings, coarse woody debris (CWD) and the humus layer. 
In Mühlhausen, the ground cover was recorded in selected plots within the gap, and along the 
extended north-south transect in the larger gaps.  

The ground vegetation and tree seedlings present within each plot were identified as to 
species and their coverage recorded. Coverage was defined as the coenological coverage, 
including overlapping layers of vegetation, and was estimated as a percent value per species, 
beginning at 1% and subsequently at multiples of five, i.e. 5%, 10%, 15% etc. Apart from the 
coverage, the average height of each species was also recorded. Where young trees appeared 
individually and exceeded heights of 1.3m, their coverage was estimated separately.  

In the Weberstedter Holz, CWD was also recorded according to its coverage within the plot, 
as well as the form it took, whether it be twigs, branches or stems and the decay class on a 
scale of 1-4, one being fresh and four advanced decay. 

The recordings took place on three occasions in the Weberstedter Holz, namely in the autumn 
of 2001 and 2002, and the spring of 2002. In Mühlhausen the recordings took place in autumn 
2000 and 2001.  
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5.3.2.3.2. Tree regeneration 
Simultaneous to the ground coverage recordings, young tree data were also collected. All tree 
seedlings within each plot were recorded. The individuals of each species were counted and 
measured for height. There were eight height classes in total: one year old seedlings, <20cm, 
21-50cm, 51-90cm, 91-130cm, 131-200cm, 201-300cm and >300cm. The degree of browsing 
in each plot was also noted for each seedling. 

As was the case for the ground vegetation, the recordings took place on three occasions in the 
Weberstedter Holz, namely in the autumn of 2001 and 2002, and the spring of 2002. In 
Mühlhausen the recordings took place in autumn 2000 and 2001. 

Additionally, during the autumn recordings in the Weberstedter Holz the vigour and form of 
the five dominant beech seedlings within each plot was recorded. Where there were more than 
five beech seedlings, the five individuals were selected randomly. Where fewer than five 
beech seedlings were present, all were recorded. The height of each seedling was measured, 
that year’s increment and the root collar diameter. In both sites the terminal shoots of the 
dominant seedlings were assessed on the basis of form, i.e. whether they were straight, forked 
or broom-shaped. Figure 7 below illustrates graphically the possible variations in form, and is 
taken from the WP3 work plan (Diaci & Rozenbergar 2001). 

Figure 7: Possible variations in the shape of the terminal shoot of the dominant beech seedlings recorded in each 
sample plot. Source: Diaci & Rozenbergar (2001). 

 
 
The overall shape each of the dominant beech seedlings was also noted. The seedlings were 
adjudged to be either upright, knee-shaped, bow-shaped, sabre-shaped or plagiotrop. 
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Illustrations of each can be seen in figure 8, also from the WP3 work plan (Diaci & 
Rozenbergar 2001). 

Figure 8: Possible variations in the overall plant shape of the dominant beech seedlings recorded in each sample 
plot. Source: Diaci & Rozenbergar (2001). 

 

 

 
5.3.2.3.3. Light measurements 

Light measurements within the Weberstedter Holz were made using a Nikon digital camera, 
and a fish-eye lens. The camera was set to take black and white photos, with a resolution of 
1024x768 pixels. The photos were taken at a height of 1.3m above the ground, with the front 
of the camera always facing north. This was determined using a Suunto, being careful to 
avoid distortion caused by the camera itself and also the tripod. A digital camera was 
preferred to a conventional analogue camera to avoid the additional time consuming process 
of scanning in each of the photos.  

The hemispherical photos were made during the autumn data collection of 2002 in the 
Weberstedter Holz and in autumn 2000 in Mühlhausen. It was suggested in the work plan that 
a hemispherical photo be taken at each sampling point. This proved to be infeasible, however, 
due to the volume of photographs necessary and the requirement of very specific weather 
conditions. A total of 76 photos were taken, from a possible 288, representing 26% of the total 
plot number. The plots from which the photographs were taken were chosen randomly. The 
number chosen per gap varied according to the number of sample plots within the gap. 

The photos were subsequently analysed using the hemIMAGE programme developed by 
Brunner (1998) to determine the direct, diffuse and total light intensity values. In order to do 
this the photos had first to be edited using Adobe Photoshop. Each photo must first be 
perfectly square, saved in grey scales, and the threshold value found, before they can be 
inputted into hemIMAGE.  

HemIMAGE must then be calibrated according to the site and the camera and lens properties 
in order to analyse the photos. Firstly the camera and lens type were inputted, as well as the 
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site latitude and the first and last days of the vegetation period in order to calculate the 
appropriate sun path. Once the relevant parameters have been inputted, hemIMAGE 
calculates the percentage above canopy light (PACL) values for each photo.  

 

5.3.2.3.4. Soil water 
It was suggested in the work plan that soil water be measured in both the managed and 
unmanaged sites, preferably using the TDR method. TDR sensors and data loggers were 
installed in the managed forest Mühlhausen, but proved unreliable, frequently breaking down 
resulting in large gaps in the data. The installation of TDR equipment in the Weberstedter 
Holz and the application of other soil moisture measurement techniques proved impossible for 
both logistical and personnel reasons. 

 

5.4. Results 

The results presented here begin with the independent variables, followed by the more general 
single factor results, to the more specific interactions between the factors studied. 

 

5.4.1. Variability of light climate and soil moisture within gaps 

The first results to be presented are the independent variables soil moisture and light, with 
each dealt with separately in sections 5.4.1.1. and 5.4.1.2. respectively. 

 

5.4.1.1. Soil moisture measurements 
As has already been mentioned in the methodology section, moisture levels were not 
measured in the Weberstedter Holz due to the unavailability of soil moisture measuring 
equipment which could be installed for longer periods of time and the logistical problems 
arising from using other methods, which need to be carried out on a regular basis or coincide 
with specific climatic conditions.  

TDR measurements were made in the managed forest site in Mühlhausen, but repeated 
problems with the equipment resulted in large gaps in the data set. The available data was not 
considered sufficient for an analysis. 

 

5.4.1.2. Light measurements 
Light measurements were made using hemispherical photos in both the Weberstedter Holz 
and Mühlhausen. The results of the light analysis for both forests are discussed separately in 
the following two sections. 

 

5.4.1.2.1. Light measurements in the Weberstedter Holz 
In the Weberstedter Holz light measurements were made in the ten gaps studied. As was 
mentioned in the methodology, however, the light was not measured above every sample 
point in the gap, but at random sample points in each gap. Between 18% and 36% of the 
sample points in each gap were light measurement sample points, spread out across the entire 
gap. A total of 76 hemispherical photos were analysed for the Weberstedter Holz. 

The hemispherical photos were analysed for light using the programme hemIMAGE. 
HemIMAGE calculates the percentage above canopy light (PACL) values for diffuse light, 
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direct light and a total light value. The emphasis of the analysis was placed on the total 
radiation values, but attention has also been paid to the diffuse and direct values.  

The light values were first analysed on a per gap basis. That is the variation between the mean 
light values for each of the gaps was analysed. An ANOVA showed with a probability of 
95%, however, that there was no difference in the mean total light values for each gap, 
regardless of the differences in gap sizes. This was also true for the direct light values for each 
of the gaps. The mean diffuse light values did vary significantly between the gaps, however.  

As can be seen from figure 9 below, in the smaller gaps the diffuse and direct percentage 
above canopy light (PACL) values are similar. As the gaps become large the difference 
between the diffuse and direct values tends to increase. This is not reflected in the case of gap 
20, however. No other trends were obvious with respect to light intensity in relation to gap 
size in the Weberstedter Holz. 

Figure 9: Mean direct, diffuse and total PACL values for each of the gaps in the Weberstedter Holz, in ascending 
order of gap size. 
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As there was no significant, or only small differences found between the PACL values for 
each of the gaps, the values for the centre of each of the ten gaps were compared. The total 
PACL values did not vary greatly between the gaps, lowest at 8.6% in gap 45 and greatest at 
11.7% in gap 39. The total light value in the largest gap, gap 33 is merely 10.7%, which is 
lower than that of the smallest gap, at 11.1%. The reason for this is the very low direct PACL 
value of 2% and a corresponding diffuse value of 19.4% compared to 9.9% direct PACL and 
12.4% diffuse PACL in the centre of gap 31.  

 

The PACL values for the Weberstedter Holz were also compared on the basis of the degree of 
canopy openness above the point where the light measurement was made. The canopy above 
each photo-point was said to be either open, along the edge of the gap or in the stand. An 
ANOVA revealed significant differences between the mean total PACL and mean direct 
PACL values as a function of canopy openness, with 95% confidence. There was no 
difference found in terms of diffuse PACL, however. The mean light values for the gap, gap 
edge and the neighbouring stand for total, direct and diffuse PACL are graphically illustrated 
in figures 10, 11 and 12.  
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Surprisingly, both the total and the direct PACL values were lowest in the gap centres at 
10.5% and 7.2% respectively. There was a small amount of variation observed between the 
total and direct light values along the gap edges. The mean total PACL value along the gap 
edge was 12%, compared to a direct PACL value of 11%.  

Figure 10: Mean total PACL as a function of canopy openness in the gaps in the Weberstedter Holz. 
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The PACL value for both total and direct sunlight in the neighbouring stand was 12%. The 
fact that both the direct light value and the total light value should be greater within the stand 
than within the gap was an unexpected result. 
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Figure 11: Mean direct PACL as a function of canopy openness in the gaps in the Weberstedter Holz. 
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Diffuse irradiation was found not to vary significantly within the gaps. That the mean PACL 
value is slightly higher in the gap centre and along the gap edge than in the stand, albeit by 
1%, is much as was expected prior to the analysis.  

Figure 12: Mean diffuse PACL as a function of canopy openness in the gaps in the Weberstedter Holz. 
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north, north east, east, south east, south, south west or west. An ANOVA revealed significant 
differences in the mean values for both the total PACL and the direct PACL on the basis of 
location within the gap. The diffuse PACL, on the other hand, does not vary significantly with 
location. The varying light intensities as a function of location are illustrated and summarised 
in figures 13, 14 and 15. Figure 13 illustrates the average total light, figure 14 the average 
direct light and figure 15 the average diffuse light. 

Figure 13: Average total PACL values as a function of location within the gap in the Weberstedter Holz. 
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The mean total PACL and the mean direct PACL values were highest to the north of the gaps, 
as was anticipated prior to the analysis. The average total PACL to the north was 14% and the  
direct PACL 15%. At 9% the average direct PACL is significantly lower to the south. The 
average total  PACL in the south of the gap is 12%, a difference of only 2% between north 
and south.  

The average total PACL value was found to be lowest in the centre of the gap, at 10%. This 
was also the case for average direct PACL, which was only 6% in the gap centre. These two 
results correspond with the lower light values found directly within the gaps as they were 
described in the previous section, and goes contrary to all expectations. Generally one would 
expect to have higher light intensities in the centre of the gap. 
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Figure 14: Average direct PACL values as a function of location within the gap in the Weberstedter Holz. 
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Diffuse light was found to vary little throughout the ten gaps recorded in the Weberstedter 
Holz. The small differences observed in the mean diffuse PACL on the basis of location 
within the gap are the opposite of those observed for the mean total and mean direct PACL.  

Figure 15: Average diffuse PACL values as a function of location within the gap in the Weberstedter Holz. 
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The lowest average diffuse PACL value recorded was 12% to the east of the gap centre, with 
lower values also observed in the north than to the south. The mean diffuse PACL value was 
highest in the gap centre, along with to the south and south west at 14%.  
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5.4.1.2.1. Light measurements in Mühlhausen 
The study of light in Mühlhausen was less extensive than in the Weberstedter Holz, due to the 
much smaller number sampling of plots studied. In the autumn of 2000, photos were made 
over each of the ten sample plots, five of which were located in large gaps and five in small 
gaps. 

In figure 16 below, the PACL values for each of the five plots in the three 30m diameter gaps 
are illustrated. As can be seen from the graph, there was little difference between the direct, 
diffuse and total PACL values for three of the five plots. The direct PACL value was lower in 
plots 2.8 and 3.8, lowering the total value. The diffuse PACL remained more or less constant 
in all five plots. The average direct PACL value for the five plots is 24%, with an average 
diffuse value of 27% giving an average total PACL of 26%.  

Figure 16: Direct, diffuse and total PACL values for the five plots in the 30m diameter gaps in Mühlhausen.  
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The PACL values varied to a greater extent in the plots located in the 60m gaps. The diffuse 
light value remained relatively constant in the five plots, the direct PACL, on the other hand, 
varied between 45% at its lowest in plot 1.1 and 68% at its highest in plot 3.6. Only in gap 1.1 
were the diffuse and direct PACL values similar, with a difference of only 2%. Notably, the 
direct value was highest in all of the plots in the large gaps.  
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Figure 17: Direct, diffuse and total PACL values for the five plots in the 60m diameter gaps in Mühlhausen. 
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In figure 18 below, the mean measured PACL values for the 30m diameter gaps and the 60m 
diameter gaps are illustrated in comparison to one another. The 30m gaps exhibit a mean total 
PACL of 26%, compared to 52% in the large gaps. There is little variation between the direct 
and the diffuse PACL in the 30m gaps, a difference of only 3%. The variation in the 60m gaps 
is greater, though, with direct PACL of 59%, compared to 45% diffuse. That the direct PACL 
increases as the gap size increases is understandable as the bigger the gap, the less significant 
the impact of the edge trees, and the lower the diffuse light intensity.  

Figure 18: Comparison of the mean PACL values in the 30m and 60m diameter gaps in Mühlhausen 
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There was no study of the differences in light intensity as a function of the canopy openness 
as was the case in the Weberstedter Holz. The reason for this was firstly the low sample 
number, but also because the gap edge effect was much less pronounced in Mühlhausen. 
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Mühlhausen does not exhibit the same degree of vertical structure as Hainich and 
consequently the gaps are very abrupt, with no closure of the gaps around the edges by low 
growing trees or branches.  

The light values within the gaps were studied in terms of position within the gap. The highest 
values were found to be in the north and north east, and lowest to the south east, as illustrated 
in figure 19. 

Figure 19: Total PACL distribution in a 30m diameter gap. Source: Conrad (in preparation). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A comparison between the mean light intensities for all of the gaps in the Weberstedter Holz, 
all of which are smaller than the 30m gap in Mühlhausen, and the 30m and 60m gaps in 
Mühlhausen revealed dramatic differences in the light levels entering the gaps. The mean total 
light value for the Weberstedter Holz was merely 12%, compared with 26% and 52% in 
Mühlhausen. The mean PACL values for both sites are illustrated in figure 20. 
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Figure 20: Comparison of the mean direct, diffuse and total PACL values for the gaps recorded in the 
Weberstedter Holz and Mühlhausen. 
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5.4.2. Ground vegetation 

The results of the ground vegetation data analysis for both the Weberstedter Holz and 
Mühlhausen is presented in the following section.  

 

5.4.2.1. Ground vegetation in the Weberstedter Holz 
The ground vegetation present in the gaps in the Weberstedter Holz was recorded on three 
occasions, namely autumn 2001 and 2002, and spring 2002. During both autumn recordings, 
Mercurialis perennis was the dominant feature of the herb layer in the Weberstedter Holz, 
with coverage exceeding 70% in many plots. During the spring, Allium ursinum was found to 
dominate the damper darker areas within the stand, with Anemone nemorosa, and to a lesser 
extent Anemone ranunculoides, where it was lighter. The species which gives it’s name to the 
forest association, Hordelymus europaeus, was found only in small amounts throughout the 
stand.  

Over the course of the three recording periods, a total of 42 ground vegetation species were 
observed in the Weberstedter Holz. A list containing all of the ground vegetation species 
recorded in the gaps is contained in the appendix section.  

The vegetation analysis was carried out using the BioDiversity Pro software developed by the 
Natural History Museum/Scottish Association for Marine Science (1997). The vegetation in 
the Weberstedter Holz was analysed on the basis of the similarity of the vegetation as it 
occurs in the gaps as both a function of the degree of canopy openness and position within the 
gap. 

 

5.4.2.1.1. Ground vegetation with respect to canopy openness 
During the data collection, the degree of canopy openness above each sample plot was 
recorded on a scale of 1-3. If the plot was located within the gap the canopy openness was 
rated as 1, beneath the edge of the gap as 2, and in the stand as 3. Subsequently, the 
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occurrence of each ground vegetation species, as a function of its total occurrence, was 
calculated for each. In autumn 2002, for example, the proportion of Mercurialis perennis 
located in the gap was 32%, at the gap edge 14% and under the stand 54%. The similarity of 
the ground vegetation in the plots as a function of the canopy openness was then analysed 
using BioDiversity Pro Version2. This was carried out using the Kulczynski coefficient, 
which is synonymous with relative Sørensen distance and Manhattan distance. The results for 
the three recording periods are contained in tables 3,4 and 5. 

The analysis of the data collected in the autumn of 2001 and 2002 reveals that the ground 
vegetation in the gaps bears 82% similarity to the vegetation in plots in the edge areas, a large 
difference given the quite small gap sizes in the Weberstedter Holz, and the very narrow edge 
area. The similarity between the edge and the stand was also identical in both autumn periods, 
at 73%. The similarity between the ground vegetation in the sample plots located in the stand 
and those in the gaps varies between the two autumn recordings, however, with a 75% degree 
of similarity in the autumn of 2000 and 66% in 2001. Both values indicate strong differences 
in the ground vegetation species and their coverage between the gaps and the stand, however. 

The similarity of the ground vegetation at different levels of canopy openness not surprisingly 
differs between the autumn and the spring measurements, given that the species composition 
is quite different. The similarity between the ground vegetation in the gap and along the edge 
is weaker at 79%, as is the similarity between the edge and the stand.  

Table 3: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
canopy openness for the autumn 2001 data. 

 Gap Edge Stand 
Gap * * * 
Edge 82 * * 
Stand 75 73 * 
 

Table 4: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
canopy openness for the spring 2002 data. 

 Gap Edge Stand 
Gap * * * 
Edge 79 * * 
Stand 71 71 * 
 

Table 5: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
canopy openness for the autumn 2002 data. 

 Gap Edge Stand 
Gap * * * 
Edge 82 * * 
Stand 66 73 * 
 

5.4.2.1.2. Ground vegetation with respect to position within the gap 
The ground vegetation was also analysed for its similarity on the basis of the position of the 
sample plots within the gaps. During the data collection, the position of each plot relative to 
the gap centre was noted. Altogether there were nine possibilities: the gap centre, north west 
of centre, north, north east, east, south east, south, south west and west. The analysis was 
again carried out using BioDiversity Pro, employing the Kulczynski coefficient. To go into 
each specific result regarding the similarity between every possible combination of locations 
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over the three recording periods requires more detail than is called for here. Therefore, only 
selected relationships will be mentioned. The entire set of results for the three recording 
periods is contained within tables 6, 7 and 8, however. 

The results of the analysis show that there is a large amount of variation in the ground 
vegetation between the sample plots at different positions within the gaps. The highest degree 
of similarity between any two positions in the autumn of 2001 is 82%, between the central 
plots and the eastern plots. The analysis also reveals that there is between 78% and 81% 
similarity between the plots to the north, north west and west. The lowest degree of similarity 
between plots is to the north east and south east, at 58% 

Table 6: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
location within the gap for the autumn 2001 data. 

 Centre East North North 
east 

North 
west 

South South 
east 

South 
west 

West 

Centre * * * * * * * * * 
East 82 * * * * * * * * 
North 70 61 * * * * * * * 
North east 70 70 67 * * * * * * 
North west 75 75 78 64 * * * * * 
South 67 67 72 72 75 * * * * 
South east 78 78 67 58 78 64 * * * 
South west 62 69 72 65 69 75 72 * * 
West 67 67 80 64 81 77 72 81 * 
 

The results of the analysis for the spring of 2002 bear little resemblance to those of the 
previous autumn. Where there was a relatively high similarity in the autumn ground 
vegetation, for example, 80% similarity between north and west, there is only 61% similarity, 
which is also the case between west and north west. On the basis of the spring data, the 
greatest degree of similarity in terms of the ground vegetation is between the south and south 
east, the north west and the centre, and the south west and the centre. The lowest levels of 
similarity are between the south east and the west and the north east and the west at 52% and 
53%, a notable distance across such small areas.  

Table 7: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
location within the gap for the spring 2002 data. 

 Centre East North North 
east 

North 
west 

South South 
east 

South 
west 

West 

Centre * * * * * * * * * 
East 73 * * * * * * * * 
North 74 77 * * * * * * * 
North east 72 60 67 * * * * * * 
North west 82 76 70 81 * * * * * 
South 74 67 70 61 77 * * * * 
South east 64 65 60 65 74 82 * * * 
South west 80 74 69 56 72 78 69 * * 
West 72 60 61 53 61 61 52 77 * 
 

Unlike the analysis of ground vegetation in relation to the degree of canopy openness, the two 
sets of autumn results on the basis of position within the gap bear little resemblance to one 
another. Here, amongst the highest degrees of similarity is 81% between the ground 
vegetation to the north east and the north west, previously only 64%. The lowest is 49% 
between the centre and the south eastern part of the gap, previously 78%.   
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Table 8: The degree of similarity between the ground vegetation in the Weberstedter Holz as a function of 
location within the gap for the autumn 2002 data. 

 Centre East North North 
east 

North 
west 

South South 
east 

South 
west 

West 

Centre * * * * * * * * * 
East 55 * * * * * * * * 
North 62 69 * * * * * * * 
North east 68 53 68 * * * * * * 
North west 63 54 83 81 * * * * * 
South 67 46 62 61 69 * * * * 
South east 49 53 55 57 58 49 * * * 
South west 75 53 62 74 70 68 49 * * 
West 70 60 64 68 70 54 64 81 * 
 

5.4.2.2. Ground vegetation in Mühlhausen 
The ground vegetation in the six gaps in the managed forest Mühlhausen was recorded on two 
occasions. The first recording took place in the autumn of 2000, approximately a year after 
the gaps were made and the second in the autumn of 2001. Vegetation sampling plots were 
established in each of the three 30m diameter gaps and the three 60m diameter gaps. 
Altogether there were ten sample plots, each 5m² in size.  

The smaller number of plots made it impractical to test for differences in the vegetation on the 
basis of either location within the gap, or the degree of canopy openness above the plots. The 
analysis, therefore, focused on comparisons between the two different gaps sizes and the 
recording periods. 

As has already been mentioned, the forest association in Mühlhausen is Hordelymo-Fagetum, 
as is a large part of the Weberstedter Holz. A total of 44 herbal ground vegetation species 
were recorded over the two years. In the first year thirty species were recorded, compared to 
39 in the second. Five of the species recorded in 2000 were not present on the same plots in 
2001. In 2001, 14 species not found in 2000 were recorded, however. A list of the 44 species 
present is included in the appendix. 

 

5.4.2.2.1. Comparison of ground vegetation in both the small and the large gaps 
The first analysis carried out was to compare the ground vegetation in the small and the large 
gaps. The species present and their respective coverages in both the small and the large gaps 
were compared using the BioDiversity Pro software. The relative coverage of each of the 
relevant species in the small and the large gaps is contained in table 9. The results of the test 
revealed a 61% degree of similarity between the small and the large gaps. The same analysis 
for the 2001 data indicated that the ground vegetation within the small and the large gaps had 
become more similar, with a tested degree of similarity of 68%. 

Table 9 : Table of coverage per species relative to their total coverage in the small and large gaps in Mühlhausen 
in the autumn of 2000 and 2001. 

 
Ground vegetation 2000 30m 60m Ground vegetation 2001 30m 60m 
Species %Coverage %Coverage Species %Coverage %Coverage 
Aegopodium podagraria 100.0 0.0 Aegopodium podagraria 100.0 0.0 
Asarum europaeum 28.6 71.4 Arctium nemorosum 88.9 11.1 
Brachypodium sylvaticum 100.0 0.0 Asarum europaeum 44.4 55.6 
Carex sylvatica 0.0 100.0 Athyrium filix-femina 0.0 100.0 
Cirsium acaule 94.4 5.6 Brachypodium sylvaticum 100.0 0.0 
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Cirsium arvense 14.3 85.7 Carduus acanthoides 100.0 0.0 
Conyza canadensis 50.0 50.0 Carex montana 28.6 71.4 
Epilobium roseum 100.0 0.0 Carex sylvatica 5.4 94.6 
Galium odoratum 64.7 35.3 Cirsium acaule 0.0 100.0 
Galium sylvaticum 100.0 0.0 Cirsium arvense 41.2 58.8 
Hieracium sylvaticum 100.0 0.0 Epilobium angustifolium 100.0 0.0 
Hordelymus europaeus 66.7 33.3 Epilobium montanum 0.0 100.0 
Impatiens parviflora 100.0 0.0 Epilobium roseum 16.7 83.3 
Lactuca virosa 50.0 50.0 Galium odoratum 97.4 2.6 
Lamium album 100.0 0.0 Geum urbanum 0.0 100.0 
Lamium maculatum 38.5 61.5 Hordelymus europaeus 62.5 37.5 
Melampyrum sylvaticum 50.0 50.0 Impatiens parviflora 39.0 61.0 
Melica nutans 0.0 100.0 Lactuca virosa 16.7 83.3 
Mercurialis perennis 100.0 0.0 Lamium album 100.0 0.0 
Milium effusum 100.0 0.0 Lamium maculatum 73.2 26.8 
Mycelis muralis 50.0 50.0 Lapsana communis 0.0 100.0 
Oxalis acetosella 60.3 39.7 Lilium martagon 100.0 0.0 
Petasites hybridus 100.0 0.0 Melampyrum sylvaticum 45.5 54.5 
Polygonatum odoratum 0.0 100.0 Melica nutans 0.0 100.0 
Polygonatum verticillatum 100.0 0.0 Mercurialis perennis 76.9 23.1 
Rubus caesius 100.0 0.0 Milium effusum 100.0 0.0 
Rubus idaeus 100.0 0.0 Mycelis muralis 100.0 0.0 
Stachys sylvatica 100.0 0.0 Oxalis acetosella 90.3 9.7 
Taraxacum officinale 42.9 57.1 Petasites hybridus 100.0 0.0 
Viola reichenbachiana 0.0 100.0 Poa annua 0.0 100.0 

   Poa nemoralis 80.0 20.0 
   Polygonatum verticillatum 100.0 0.0 
   Prenanthes purpurea 0.0 100.0 
   Rubus fruticosus 93.3 6.7 
   Rubus idaeus 90.9 9.1 
   Stachys recta 100.0 0.0 
   Stachys sylvatica 75.0 25.0 
   Taraxacum officinale 68.2 31.8 
   Viola reichenbachiana 4.8 95.2 

 

 

5.4.2.2.2. Comparison of ground vegetation in the gaps over the two recording periods 
The percentage coverage of each species in all of the sample plots was compared for the two 
years. The values for all of the species were placed together, as in table 10, and using 
BioDiversity Pro, the similarity of the ground vegetation in the gaps was tested over the two 
yeas. The test revealed a degree of similarity of 74%.   

Table 10: Proportion of each species present in the gaps in Mühlhausen in 2000 and 2001 for comparison of the 
ground vegetation over the two recording periods. 

Species 2000 2001 
 % Coverage % Coverage 

Aegopodium podagraria 27.3 72.7 
Arctium nemorosum 0.0 100.0 
Asarum europaeum 43.8 56.3 
Athyrium filix-femina 0.0 100.0 
Brachypodium sylvaticum 50.0 50.0 



 29 

Carduus acanthoides 0.0 100.0 
Carex montana 0.0 100.0 
Carex sylvatica 12.6 87.4 
Cirsium acaule 94.7 5.3 
Cirsium arvense 12.1 87.9 
Conyza canadensis 100.0 0.0 
Epilobium angustifolium 0.0 100.0 
Epilobium montanum 0.0 100.0 
Epilobium roseum 14.3 85.7 
Galium odoratum 69.1 30.9 
Galium sylvaticum 100.0 0.0 
Geum urbanum 0.0 100.0 
Hieracium sylvaticum 100.0 0.0 
Hordelymus europaeus 60.0 40.0 
Impatiens parviflora 12.8 87.2 
Lactuca virosa 62.5 37.5 
Lamium album 50.0 50.0 
Lamium maculatum 48.8 51.3 
Lapsana communis 0.0 100.0 
Lilium martagon 0.0 100.0 
Melampyrum sylvaticum 47.6 52.4 
Melica nutans 47.4 52.6 
Mercurialis perennis 63.4 36.6 
Milium effusum 33.3 66.7 
Mycelis muralis 66.7 33.3 
Oxalis acetosella 65.2 34.8 
Petasites hybridus 50.0 50.0 
Poa annua 0.0 100.0 
Poa nemoralis 0.0 100.0 
Polygonatum odoratum 100.0 0.0 
Polygonatum verticillatum 83.3 16.7 
Prenanthes purpurea 0.0 100.0 
Rubus caesius 100.0 0.0 
Rubus fruticosus 0.0 100.0 
Rubus idaeus 22.5 77.5 
Stachys recta 0.0 100.0 
Stachys sylvatica 35.5 64.5 
Taraxacum officinale 76.1 23.9 
Viola reichenbachiana 54.3 45.7 
 

5.4.2.3. Comparison of the ground vegetation in the Weberstedter Holz and 
Mühlhausen 
Finally, the ground vegetation recorded in the two forests was compared. Although both 
forests belong to the Hordelymo-Fagetum association, there was a marked difference in the 
species observed on the two sites, with only fifteen species common to both, namely 
Aegopodium podagraria, Asarum europaeum, Athyrium filix-femina, Geranium robertianum, 
Geum urbanum, Lathyrus vernus, Mercurialis perennis, Oxalis acetosella, Taraxacum 
officinale and Viola reichenbachiana, and the grasses Brachypodium sylvaticum, Carex 
remota, Carex sylvatica, Hordelymus europaeus and Milium effusum. Whereas in the 
Weberstedter Holz the dominant species throughout almost the entire site was Mercurialis 
perennis, it was much less dominant in Mühlhausen, where Lamium maculatum, Oxalis 
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acetosella and Galium odoratum were the most common species in the gaps. The grasses 
Carex sylvatica and Hordelymus europaeus were also much more frequent. The much larger 
and brighter gaps In Mühlhausen also exhibited a number of light demanding species, 
compared to almost none in the Weberstedter Holz. 

An analysis of the vegetation recorded in Mühlhausen and the two autumn recordings in 
Hainich was compared in BioDiversity Pro using the Kulczynski coefficient to find the degree 
of similarity between the vegetation of the two sites. The total coverage of each species 
recorded as a percentage of the total ground vegetation coverage was compared for each site. 
The values for each species are contained in table 11. The result was a similarity of only 31%.  

Table 11: The proportions of each species relative to the total ground vegetation coverage for both the 
Weberstedter Holz and Mühlhausen. 

Species Weberstedter Holz Mühlhausen 
 % % 

Aegopodium podagraria 0.083 2.800 
Anemone spp. 0.010 0.000 
Arctium nemorosum 0.000 2.294 
Arum maculatum 0.005 0.000 
Asarum europaeum 0.180 4.077 
Athyrium filix-femina 13.506 0.076 
Brachypodium sylvaticum 0.467 0.102 
Bromus ramosus 0.326 0.000 
Cardamine amara 0.039 0.000 
Carduus acanthoides 0.000 0.255 
Carex montana 0.000 0.357 
Carex remota 0.053 0.000 
Carex sylvatica 0.228 6.473 
Circaea lutetiana 0.365 0.000 
Cirsium acaule 0.000 0.968 
Cirsium arvense 0.000 2.956 
Conyza canadensis 0.000 0.102 
Deschampsia cespitosa 0.253 0.000 
Epilobium angustifolium 0.000 0.765 
Epilobium montanum 0.000 0.051 
Epilobium roseum 0.000 0.357 
Fragaria vesca 0.005 0.000 
Galeobdolon luteum 2.193 0.000 
Galium aparine 0.010 0.000 
Galium odoratum 0.000 6.269 
Galium sylvaticum 0.000 0.765 
Geranium purpureum 0.321 0.000 
Geum urbanum 0.165 0.255 
Hepatica nobilis 0.019 0.000 
Hieracium sylvaticum 0.000 0.255 
Hordelymus europaeus 0.365 5.097 
Impatiens parviflora 0.000 2.599 
Juncus effusus 0.078 0.000 
Lactuca virosa 0.000 0.815 
Lamium album 0.000 0.510 
Lamium maculatum 0.000 20.387 
Lapsana communis 0.000 0.153 
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Lathyrus vernus 0.005 0.000 
Lilium martagon 0.000 0.051 
Melampyrum sylvaticum 0.000 1.070 
Melica nutans 0.000 4.842 
Mercurialis perennis 65.793 3.619 
Milium effusum 0.053 0.765 
Mycelis muralis 0.000 0.153 
Oxalis acetosella 4.560 9.072 
Petasites hybridus 0.000 1.529 
Poa annua 0.000 0.255 
Poa nemoralis 0.000 1.274 
Polygonatum verticillatum 0.000 0.357 
Prenanthes purpurea 0.000 0.765 
Primula elatior 0.506 0.000 
Primula veris 0.049 0.000 
Ranunculus lanuginosus 0.058 0.000 
Ranunculus repens 0.788 0.000 
Rubus caesius 0.000 0.510 
Rubus fruticosus 0.000 3.823 
Rubus idaeus 0.000 3.619 
Rumex sanguineus 0.097 0.000 
Senecio ovatus 0.987 0.000 
Solidago virgaurea 0.005 0.000 
Stachys recta 0.000 0.255 
Stachys sylvatica 0.000 1.580 
Stellaria holostea 0.058 0.000 
Taraxacum officinale 0.005 4.689 
Thelypteris phegopteris 0.078 0.000 
Urtica dioica 8.197 0.000 
Viola reichenbachiana 0.092 2.345 
 

Upon removing all of the species present observed in less than 20% of the plots recorded in 
each forest (see table 12), the degree of similarity fell even further to 24%.  

Table 12: The proportions of each species relative to the total ground vegetation coverage, less the species not 
present in at least 20% of the plots recorded for both the Weberstedter Holz and Mühlhausen. 

Species Weberstedter Holz Mühlhausen 
 % coverage % coverage 

Aegopodium podagraria 0.083 0.000 
Asarum europaeum 0.000 4.077 
Athyrium filix-femina 13.506 0.000 
Brachypodium sylvaticum 0.467 0.000 
Bromus ramosus 0.326 0.000 
Carex sylvatica 0.228 6.500 
Circaea lutetiana 0.365 0.000 
Cirsium acaule 0.000 0.968 
Cirsium arvense 0.000 2.956 
Conyza canadensis 0.000 0.102 
Deschampsia cespitosa 0.253 0.000 
Galeobdolon luteum 2.193 0.000 
Galium odoratum 0.000 6.269 
Hordelymus europaeus 0.365 5.100 
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Lactuca virosa 0.000 0.815 
Lamium maculatum 0.000 20.387 
Melampyrum sylvaticum 0.000 1.070 
Melica nutans 0.000 4.842 
Mercurialis perennis 65.793 0.000 
Mycelis muralis 0.000 0.153 
Oxalis acetosella 4.560 9.100 
Primula elatior 0.506 0.000 
Rumex sanguineus 0.097 0.000 
Senecio ovatus 0.987 0.000 
Stachys sylvatica 0.000 1.580 
Stellaria holostea 0.058 0.000 
Taraxacum officinale 0.000 4.689 
Urtica dioica 8.197 0.000 
Viola reichenbachiana 0.092 2.300 
 

 

5.4.3. Woody regeneration 

In this section the results of the study of woody regeneration are present. The results for the 
two sites are first presented individually, with separate headings for each recording period, 
and subsequently compared. 

 

5.4.3.1. Woody regeneration in the Weberstedter Holz 
The results of the analysis of the woody regeneration data collected in the Weberstedter Holz 
are presented for each of the recording periods, followed by the changes which have been 
observed over that period of time. 

 
5.4.3.1.1. Woody regeneration autumn 2001 

The first recording of the tree seedlings in the ten gaps within the Weberstedter Holz took 
place in September 2001, according to the methodology outlined in section 5.3.2.3.2. A total 
of 3052 seedlings were recorded in 309 plots of 1m². Of these the majority were ash, at just 
over 59%, followed by beech with 24%, sycamore and Norway maple with a little over 15% 
and other species accounting for less than 1% of the observed seedlings, including hornbeam, 
hawthorn (Crataegus laevigata), pedunculate oak (Quercus robur) and wych elm. The 
relative proportions of each species category are illustrated in figure 21 below.    
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Figure 21: Graphic illustration of the species proportions present in the Weberstedter Holz, autumn 2001. 
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An average of almost ten seedlings per plot was observed, consisting of approximately six ash 
seedlings, two beech, two sycamore and maple and a negligible number of other species. The 
number of seedlings recorded in each of the ten gaps varied greatly. In gap 13 a total of only 
66 seedlings were recorded, compared to 523 in gap 20, this is the equivalent of 3 and 14 
seedlings per plot respectively. Gap 31 contained the highest seedling density at 24 seedlings 
per plot. As can be seen from figure 22, ash was the dominant young growth species in each 
of the ten gaps, and was generally present in much greater numbers than beech with only three 
exceptions, where ash was only slightly higher. There were fewer sycamore and maple 
seedlings than beech in seven of the ten gaps.  

Figure 22: Graphic illustration of the seedling numbers for each of the four species categories per gap recorded 
in the Weberstedter Holz in the autumn of 2001. 

 

 

The only gap in which the species belonging to the category ‘others’ are present in any great 
number is gap 20, where eight hornbeam seedlings, five elm and two hawthorn seedlings were 
recorded. The reason for this is the presence of a number of mature hornbeam and elm trees in 
this part of the stand, although the elms are barely alive. There were no hawthorns present on 
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the 28ha research site, the seeds therefore probably landed on the site through the activity of 
birds. Only two oak seedlings were found, in gaps 30 and 45. The relationship between the 
species is clearer in figure 23, in which the species proportions are shown relative to one 
another, rather than as absolute values. 

Figure 23: The relative proportions of the four seedling species categories recorded in each of the ten gaps in the 
Weberstedter Holz in the autumn of 2001. 

 

Figure 24 illustrates the proportions of each species category according to size class. All of 
the seedlings within the 1m² sample plots were allotted to the relevant height class. There 
were eight height classes in all, namely one year old seedlings, <20cm, 21-50cm, 51-90cm, 
91-130cm, 131-200cm, 201-300cm and >300cm. 

Figure 24:Relative proportions of each species category per height class for autumn 2001. 
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There were no seedlings greater than 130cm observed in any of the sample plots in the 
autumn of 2001, regardless of species. The majority of seedlings were in the height class 
<20cm, ranging from 50% of the beech seedlings to just over 70% of the sycamore and 
maples. Next was the one year seedling class, with a range of 15% of the sycamore and 
maples to 29% of the ash seedlings. Beech was the species with the greatest proportion of 
seedlings in the 21-50cm height class, at 20%, with 13% of the sycamore and maple 
seedlings. Only 4% of the ash seedlings reached this height class, with none reaching the 91-
130 class. Less than half of one percent of all beech and sycamore and maples achieved 
heights greater than 91 cm. 

 

Figure 25 summarises the data relating to seedling proportions relative to height class, 
regardless of species. At 64% the majority lies in the height class <20cm, with 25% in the one 
year old class, 10% in the 21-50cm class and just over 1% between 51-90cm. There are no 
seedlings greater than 130cm.  

Figure 25: Overall seedling proportions per height class for the autumn 2001. 
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5.4.3.1.2. Woody regeneration spring 2002 
During the second recording of the young tree growth in the Weberstedter Holz in the spring 
of 2002, the number of sample plots in the ten gaps was reduced from 309 to 288. A total of 
1867 seedlings were recorded, an average of 6.5 seedlings per plot. This is a reduction of 
1185 seedlings from the previous autumn, the equivalent of 39%, some of which can be 
accounted for by the reduction of the sample plots. The average number of seedlings per plot 
fell by three. Of the seedlings, 30% were beech, 48% ash, 21% sycamore and maple and less 
than 1% other species, including hornbeam, hawthorn, alder buckthorn (Frangula alnus) and 
cherry, illustrated in figure 26.  

An average of less than seven seedlings was recorded in each plot; three ash, two beech and 
only one sycamore and maple. The contribution of other species on a per plot basis was again 
negligible. 
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Figure 26: Graphic illustration of the species proportions present in the Weberstedter Holz, spring 2002. 
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As can be seen from figure 27, ash was the dominant young growth species in six of the ten 
gaps, whereas beech is dominant in three gaps, and sycamore and maple in one. In two gaps 
the number of sycamore and maple seedlings exceeded that of beech, in two more gaps the 
numbers where similar, whereas beech seedling numbers far exceeded sycamore and maple in 
the remaining six. The number of other species fell dramatically. In gap 20, for example, 
where 15 seedlings were recorded the previous autumn, none remained.  

Figure 27: Graphic illustration of the seedling numbers for each of the four species categories per gap recorded 
in the Weberstedter Holz in the spring of 2002. 

 
 
Figure 28 illustrates the relative proportions of each species present during the spring 2002 
recording, and provides a clearer picture of the species occurrence as the absolute values will 
naturally vary depending on the number of plots recorded in each gap. 
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Figure 28: The relative proportions of the four seedling species categories recorded in each of the ten gaps in the 
Weberstedter Holz in the spring of 2002. 

 

There were no seedlings greater than 130cm observed in any of the sample plots in spring 
2002, regardless of species. The majority of seedlings were in the height class <20cm, ranging 
from 39% of the beech seedlings to 89% of the ash seedlings. Next was the 21-50cm class, 
with a range of 10% of the ash to 37% beech. The proportion of ash and sycamore and maple 
in the one year old class declined dramatically to 2% and 1% respectively, as can be seen 
from figure 29. The proportion of beech in the 51-90cm class was 5% and 1% in the 91-
130cm. The proportion of the other three species categories in these latter two classes was 
either negligible, or none at all. 

Figure 29: Relative proportions of each species category per height class for spring 2002. 
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The overall seedling height class distribution is illustrated in figure 30. Over the winter period 
there is a large decline in the number of one year old seedlings, falling from 25% of the 
overall seedling number to 6%. The <20cm and the 21-50cm classes increase to 72% and 20% 
respectively. The 51-90cm and 91-130cm classes remain constant, at just over 1% and 0% 
respectively.  

Figure 30: Overall seedling proportions per height class for the spring 2002. 
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5.4.3.1.3. Woody regeneration autumn 2002 
During the third and final recording period, in September 2002, there were again 288 plots 
recorded. A total of 2525 seedlings were recorded, a 17% reduction on the previous autumn, 
some of which may be accounted for the reduction in sample plots. The average number of 
seedlings per 1m² was 9, a reduction of 1.1 seedlings per plot. Of the seedlings 67% were ash, 
19% beech, 13% sycamore and maple and almost 1% others, consisting of hornbeam, 
hawthorn, alder buckthorn and wych elm. 

Figure 31: Graphic illustration of the species proportions present in the Weberstedter Holz, spring 2002. 
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An average of 8.8 seedlings was recorded in each plot; six ash, two beech, and one sycamore 
and maple. The number of other species present was negligible. As can be seen from figure 
32, ash was clearly dominant in eight gaps. Beech was dominant in gaps 13 and 23 by a very 
small margin. Overall the seedling numbers were very low in these two gaps, with a total of 
47 and 92 seedlings respectively. Sycamore and maple seedling numbers exceeded those of 
beech in three gaps. There are ten seedlings belonging to the ‘others’ category in gap 30, by 
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far the greatest number recorded in any of the gaps in the autumn of 2002. This ten consists of 
nine hornbeam and one wych elm. 

The largest number of seedlings was present in gap 30, a total of 459. This is the equivalent of 
16.4 seedlings per plot. The highest density per plot was again in gap 31, at 18.3 seedlings per 
plot. 

Figure 32: Graphic illustration of the seedling numbers for each of the four species categories per gap recorded 
in the Weberstedter Holz in the autumn of 2002. 

 

Figure 33 illustrates the relative proportions of each species present during the autumn 2002 
recording, and provides a clearer picture of the species occurrence as the absolute values will 
naturally vary depending on the number of plots recorded in each gap. 

Figure 33: The relative proportions of the four seedling species categories recorded in each of the ten gaps in the 
Weberstedter Holz in the autumn of 2002. 
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There were no seedlings greater than 130cm observed in any of the sample plots in autumn 
2002, regardless of species, as was the case in the two previous recording periods. The 
majority of seedlings were in the height class <20cm, ranging from 52% of the beech 
seedlings to 73% of the sycamore seedlings. Next was the 21-50cm class, with a range of 7% 
of the ash seedlings to 36% of the beech. The proportion of ash in the one year old class rose 
again from the spring recording to 35%, as the result of another mast. Virtually no new beech 
or sycamore and maple seedlings were counted, however. The proportion of ash in 21-50cm 
class rose from 4% in the previous autumn to 7% in autumn 2002. Beech increased more 
dramatically from 20% to 36%. The proportion of beech in the 51-90cm class was 8% and 2% 
in the 91-130cm class. The proportion of the other three species categories in these latter two 
classes was either negligible or none at all. 

Figure 34: Relative proportions of each species category per height class for autumn 2002. 
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The overall seedling height class distribution is illustrated in figure 35. The proportion of the 
total seedling number in the one year old class is 23%, 2% lower than the previous autumn. 
The <20cm class also declined from 64% last autumn to 60%. The 21-50cm class, on the 
other hand, rose from 10% to 15%, with the 51-90cm and 91-130cm increasing fractionally. 

Figure 35: Overall seedling proportions per height class for the autumn 2002. 
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5.4.3.4. Changes observed over the three recording periods 
Over the three seasons in which the young growth was recorded, only the mean proportions of 
ash seedlings in the regeneration layer were found to differ significantly from recording to 
recording, with an 11% decrease between autumn 2001 and spring 2002, and an overall 
increase of 8% in autumn 2002 upon the previous year. In gap 45 the number of ash seedlings 
recorded fell from 355 in autumn 2001 to 95 the following spring. The number rose to 242 
again in the autumn of 2002.  

Overall, the other three species categories showed no significant differences. As can be seen 
from figure 36, the number of beech seedlings remained relatively constant in seven of the ten 
gaps over the three periods. In gaps 20, 30 and 31 there was a large fall in the seedling 
numbers over the winter period. Rather than increasing over the summer, the number of beech 
seedlings declined even further in all but one of the ten gaps. 

Sycamore and maple declined also, but less dramatically than beech. In one gap the number of 
seedlings recorded in autumn 2002 exceeded that of the previous year, in six the number 
remained constant, with a decline evident in the remaining three. In three gaps the infrequent 
species actually increased over the period autumn 2001 to autumn 2002, remaining constant 
in five and declining in two.  

Figure 36: Comparison of the seedling numbers over the three recording periods for each of the four species 
categories: beech; ash; sycamore and maples and others. 
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varied more over the three periods. Ash was also the only species to show an overall increase 
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autumn 2001 to 67% in autumn 2002. Beech fell from 24% to 19%, with little change to 
sycamore and maple and the remaining species, as can be seen from figure 37. 

 

Comparison of beech seedling numbers per gap over the three recording 
periods

0

20

40

60

80

100

120

140

160

180

13 16 20 22 23 30 31 33 39 45

Gap number

S
ee

dl
in

gs Autumn 2001

Spring 2002

Autumn 2002

Comparison of the numbers of the uncommon species seedling numbers per 
gap over the three recording periods

0

2

4

6

8

10

12

14

16

13 16 20 22 23 30 31 33 39 45

Gap number

S
ee

dl
in

gs Autumn 2001

Spring 2002

Autumn 2002

Comparison of ash seedling numbers per gap over the three recording periods

0

50

100

150

200

250

300

350

400

13 16 20 22 23 30 31 33 39 45

Gap number

S
ee

dl
in

gs Autumn 2001

Spring 2002

Autumn 2002

Comparison of the sycamore and maple seedling numbers per gap over the 
three recording periods

0

20

40

60

80

100

120

140

160

13 16 20 22 23 30 31 33 39 45

Gap number

S
ee

dl
in

gs Autumn 2001

Spring 2002

Autumn 2002



 42 

Figure 37: Relative proportions of each of the seedling species categories for each recording period. 

 

The seedling proportions per height class also varied over the course of the three recording 
periods, as can be seen from figure 38. The number of one year old seedlings fell from 25% to 
23% between autumn 2001 and autumn 2002. The proportion of one year old ash seedlings 
increased upon the previous year following a larger mast, but the beech and sycamore and 
maple proportions declined to just over 1% and 0% respectively, indicating almost a complete 
lack of any seeds in the autumn of 2002. 

During the spring recording the proportion of seedlings in the <20cm class increased as a 
result of a severe decline in the proportion of one year old seedlings during the winter period. 
The proportion of sycamores and maples fell from 15% to 1%, ash from 29% to 2% and the 
other species from 21% to 0% indicating high mortality rates during the first winter. As a 
consequence the overall proportions of all three species categories in the greater height classes 
increased. Beech seedling proportions in both the one year old class and the <20cm class 
declined as a result of losses over the winter, but to a lesser extent than the other three species 
categories, rising in the higher classes.  

Figure 38: Seedling proportions per height class for the three recording periods. 
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The proportion of seedlings in the height classes 21-50cm, 51-90cm and 91-130cm rose 
between autumn 2001 and autumn 2002, from 10%, 1% and just over 0% to 15%, 2% and 
0.5%. Of the beech seedlings recorded in autumn 2002, 36% were between 21-50cm. Despite 
higher seed production than the other species, only 7% of the ash seedlings are in the 21-50cm 
class, which declines to almost nothing in the subsequent classes. The proportions of 
sycamore and maples and the other species in the 21-50cm class increases between autumn 
2001 and autumn 2002 as a result of the lack of any new seedlings. Neither species category 
is present over 50cm, however, with the exception of one or two sycamores. Beech is the only 
species present above 51cm to any great extent, with 8% between 51-90cm and 2% between 
91-130cm.    

 

5.4.3.2. Mühlhausen 
In the following section, the results of the young growth data collected in Mühlhausen will be 
presented for each of the two recording periods. The results are presented for each recording 
period, then on the basis of gap size, and finally compared over the two recording periods.  

 

5.4.3.2.1 Mühlhausen regeneration results autumn 2000 
The first recording of the tree seedlings in the six gaps within the managed forest Mühlhausen 
took place in the early autumn of 2000. The recording was carried out as outlined in the 
methodology section.  

A total of 1021 seedlings were recorded in ten 5m² plots, five in gaps with a diameter of 30m 
and five in gaps with a diameter of 60m. The vast majority of the seedlings recorded were ash, 
at 88%. Sycamores and maples accounted for 8% of the seedlings recorded, with beech and 
others at 3% and 1% respectively. The category others consists of cherry, hornbeam, lime, 
rowan (Sorbus aucuparia) and wych elm. The relative proportions of each seedling species 
category are illustrated in figure 39 below.  

Figure 39: Graphic illustration of the species proportions present in the six gaps in Mühlhausen, autumn 2000. 
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An average of 102 seedlings were recorded per 5m² plot, or just over 20 seedlings per 1m². 
This equates to 18 ash seedlings per 1m², less than two sycamore and maple, one beech and a 
negligible amount of other species.  
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The distribution of the seedlings of each species category according to eight size classes in 
Mühlhausen in the autumn of 2000 is illustrated in figure 40. The eight size classes are 1 year 
seedlings; <20cm; 21-50cm; 51-90cm; 91-130cm; 131-200cm; 201-300cm and >300cm. 

The majority of the seedlings recorded in Mühlhausen in the 2000 recording were one year 
old seedlings, at 72%. Most of the remainder were in the <20cm and 21-50cm height classes, 
15% and 10% respectively. Only 1% of the seedlings recorded were between 91-130cm, and 
the percent greater than 130cm was negligible. There were no seedlings greater than 200cm 
present in any of the ten plots.  

Figure 40: Height class distribution of the seedlings recorded in the gaps in Mühlhausen in the autumn of 2000. 
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5.4.3.2.1.1. Regeneration in the 30m diameter gaps 
The regeneration data collected in Mühlhausen can be further broken down, on the basis of 
gap diameter. The total number of seedlings recorded in five 5m² plots in the three 30m gaps 
was 305. Ash seedlings accounted for almost 83% of the total, with just under 11% sycamore 
and maples and beech and others each with 3%, illustrated in figure 41.  

Figure 41: Graphic illustration of the species proportions present in the three 30m diameter gaps in Mühlhausen, 
autumn 2000. 
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An average of 61 seedlings were recorded in each 5m² plot, or 12 seedlings per 1m². This is 
made up of 10 ash seedlings, 1.5 sycamore and maples and a negligible amount of beech and 
other species.  
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There were no seedlings higher than 200cm present in the 30m gaps in Mühlhausen in the 
autumn of 2000, with only a few ash (less than 1% of the total number) exceeding 131cm. 
Almost 60% of the seedlings recorded were one year old. Of the ash seedlings recorded, 67% 
were in this height class, 14% of the sycamore and maple and 44% of the others. There were 
no one year old beech seedlings.  

The <20cm class was the next with 20% of the seedlings recorded. The proportions of ash and 
other species fall dramatically to 19% and 11% respectively, whereas sycamore and maples 
and beech increase, with 29% and 33% of their totals respectively. The proportion of both 
increases further in the 21-50cm height class, to 49% and 56%, whereas ash falls further, to 
8%, with the other species remaining more or less constant.  

Only 4% of the seedlings recorded are in the 51-90cm height class. Eleven percent of the 
beech and other seedlings fall into this category, compared to 3% of the ash and 6% of the 
sycamore and maple. The other species increase in the 91-130cm class, to 22%, whereas the 
remaining three species categories fall off to between 0-2%.  

These results are summarised in figure 42, which shows the overall seedling proportions per 
height class, and figure 43, which shows the seedling proportions per height class for each 
specific species. 

Figure 42: Seedling proportions relative to each height class in the 30m gaps in Mühlhausen in the autumn of 
2000.  
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Figure 43: Relative proportions of each species category per height class in the 30m gaps in the autumn of 2000. 
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5.4.3.2.1.2. Regeneration in the 60m diameter gaps 
In the three large gaps in Mühlhausen, each with a diameter of 60m, a total of 716 seedlings 
were recorded in the five 5m² plots. The proportion of ash is even greater than in the small 
gaps, at 91%. The sycamores and maples account for only 6%, in comparison to 11% in the 
smaller gaps. The proportion of beech seedlings is the same as in the small gaps at 3%, 
whereas the number of other species falls to 1%, as is illustrated in figure 44.  

Figure 44: Graphic illustration of the species proportions present in the three 60m diameter gaps in Mühlhausen, 
autumn 2000. 
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The average number of seedlings per 5m² plot in the 60m gaps was 143 per plot, or 29 per 
1m². An average of 26 ash seedlings were counted per 1m², compared to less than 2 sycamore 
and maples, one beech and a negligible number of other species. 

 

In the 60m diameter gaps, the proportion of one year old seedlings was 78%, with 13% in the 
<20m height class, 8% between 21-50cm and only 1% over 51cm. There were no seedlings 
greater than 90cm in the 60m gaps, as can be seen from figure 45.  

Figure 45: Seedling proportions relative to each height class in the 60m gaps in Mühlhausen in the autumn of 
2000. 
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The species proportions per height class in the 60m gaps are similar to those of the 30m gaps, 
with the exception of the other species, and are illustrated in figure 46. The vast majority of 
the ash seedlings (86%) present in the autumn of 2000 were one year old, as were 25% of the 
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seedlings belonging to the category others. The number of sycamore and maples was very 
low, and as in the 30m gaps there were no one year old beech seedlings. Only 14% of the ash 
seedlings were over a year old, with only 4% of the total exceeding heights of 20cm and none 
greater than 50cm. The remaining 75% of the other species was in the height class <20cm.  

The proportion of beech seedlings <20cm was 32%, with the majority (63%) between 21-
50cm and 5% between 51-90cm. The majority of sycamore and maples were in the classes 
<20cm and 21-50cm, 48% and 43% respectively, with 7% exceeding 51cm.  

Figure 46: Relative proportions of each species category per height class in the 60m gaps in the autumn of 2000. 
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5.4.3.2.2. Mühlhausen regeneration results autumn 2001 
The second gap recording in Mühlhausen in the autumn of 2001 revealed some changes in the 
seedling species composition from the previous year. There was a large decline in the number 
of seedlings counted in the six gaps, from 1021 in the previous year to only 412. The relative 
proportion of ash seedlings fell from 88% to 78%, whereas sycamore and maple increased by 
6% to 14%, and beech by 3% to 6%, illustrated in figure 47. The number of other species also 
rose proportionately, to 2%, but the species number declined to two, namely hornbeam and 
lime. No cherry, rowan or wych elm seedlings were present.   

Figure 47: Graphic illustration of the species proportions present in the six gaps in Mühlhausen, autumn 2001. 
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An average of 41 seedlings were counted in each of the 5m² plots, the equivalent of just over 
eight seedlings per 1m². Of the eight seedlings, six were ash, one was sycamore and maple, 
and beech and others combined for one seedling per 1m². 

 

There were no one year old seedlings recorded in the six gaps in Mühlhausen in the autumn of 
2001, regardless of species. The seedling height distribution shifted considerably between the 
two recording periods, with the majority of seedlings in the 21-50cm height class. Twenty 
percent of the seedlings recorded were observed in the <20cm and the 51-90cm height class. 
The proportions of seedlings in the higher classes also increased, with 4% between 91-130cm, 
5% between 131-200cm and 2% between 201-300cm. As can be seen from figure 48, there 
were no seedlings above 300cm.  

Figure 48: Height class distribution of the seedlings recorded in the gaps in Mühlhausen in the autumn of 2001. 
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5.4.3.2.2.1. Regeneration in the 30m diameter gaps 
Of the 412 seedlings recorded in Mühlhausen in the autumn of 2001, 184 were counted in the 
small gaps, the equivalent of 45%. As can be seen from figure 49 below, ash accounts for 
78%, a 5% drop from the previous year. The proportion of sycamore increased from 11% to 
15%. Beech also increased, from 3% to 4%, with the proportion of other species remaining 
constant at 3%. 

Figure 49: Graphic illustration of the species proportions present in the three 30m diameter gaps in Mühlhausen, 
autumn 2001. 
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An average of 36 seedlings were recorded per 5m² plot, or 7 per 1m². There were almost six 
ash per 1m² in the small gaps, compared to one sycamore and maple. Beech and others 
combined made up one seedling every 2m². 

 

The seedling proportions per height class in the 30m diameter gaps is similar to that for the 
gaps as a whole illustrated in figure 48, and are depicted in figure 50 below. There were no 
one year seedlings, as has already been mentioned. The majority (39%) were between 21-
50cm, with 18% <20cm and 24% between 51-90cm. The proportion of seedlings in the upper 
height classes increased dramatically from the previous autumn, with 9% between 131-200cm 
and 4% between 201-300cm, increases of 8% and 4% respectively.  

Figure 50: Seedling proportions relative to each height class in the 30m gaps in Mühlhausen in the autumn of 
2001. 
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The proportion of ash was greatest between 21-50cm, at 46%, with 22% <20cm and 21% 
between 51-90cm. The remaining 11% were relatively evenly distributed between 91-300cm. 
The proportion of beech increases steadily over the first four height classes, culminating at 
50% between 51-90cm, above which no more beech seedlings were observed. The 
proportions of sycamore and maples relative to height class vary greatly. Forty percent are in 
the 51-90cm class, with 18% and 25% in the classes 91-130cm and 131-200cm. The 
proportions of the species category ‘others’ also vary greatly. 

Figure 51: Relative proportions of each species category per height class in the 30m gaps in the autumn of 2001. 
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5.4.3.2.2.2. Regeneration in the 60m diameter gaps 
In the three large gaps in Mühlhausen, a total of 228 seedlings were recorded in the autumn of 
2001. This represents a drop of almost 500 seedlings upon the previous year. Apart from the 
loss of some of the older seedlings, this is the result of a complete lack of new seedlings.  

The proportion of ash in the large gaps was 78%, compared to 91% in the previous year, and 
is the same as in the 30m gaps. The proportion of sycamores and maples rose dramatically 
from 6% to 14%, with beech also increasing from 3% to 7%, and others from half a percent to 
just over 1%.  The relative proportions of each species category in the 60m gaps in 2001, as 
illustrated in figure 52, is not far removed from that of the 30m gaps.  

Figure 52: Graphic illustration of the species proportions present in the three 60m diameter gaps in Mühlhausen, 
autumn 2001. 
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The average number of seedlings per 5m² plot in the 60m gaps in 2001 was 46, a fall of 100 
seedlings per plot upon the previous year. The average number of seedlings per 1m² was nine, 
three more than in the small gaps. Seven of these were ash, with approximately one beech and 
sycamore and maple, and a negligible number of other species. 

In the 60m diameter gaps, 58% of the seedlings were between 51-90cm, with 21% <20cm and 
15% between 51-90cm. The seedling proportions exceeding 90cm were lower than in the 30m 
gaps, only 6% compared to 18%.  

Figure 53: Seedling proportions relative to each height class in the 60m gaps in Mühlhausen in the autumn of 
2001. 
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This reveals a large shift from the previous autumn, however, when only 1% of the seedlings 
in the plots recorded exceeded 50cm. This is shift is partly the result of growth by the 
seedlings in the lower height categories, but also due to a shift caused by the loss of many of 
the previous years’ one year old seedlings and the lack of any new seedlings. The relative 
proportions are illustrated in figure 53. 

The species proportions per height class in the 60m gaps are illustrated in figure 54. The 
majority of ash and beech seedlings are between 21-50cm, at 62% and 59% respectively. 
Whereas most of the remaining ash seedlings are less <20cm (26%), however, a further 29% 
of the beech seedlings are 51-90cm and 6% over 90cm. Only 12% of the ash seedlings exceed 
50cm. The sycamore again varies, but the majority (81%) are between 21-90cm. Three 
percent of the sycamore seedlings are in the 200-300cm height class. The other species are 
restricted to the 21-50cm and 51-90cm classes, with 33% and 67% respectively 

Figure 54: Relative proportions of each species category per height class in the 60m gaps in the autumn of 2001. 
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5.4.4. Gap size and regeneration interactions 

The ten gaps recorded in the Weberstedter Holz vary in size from 36m² to 306m², with an 
average size of 118m². In the first recording period a total of 3052 seedlings were recorded in 
all ten gaps, the lowest count being 66 seedlings, the highest 523. The average number of 
seedlings recorded per 1m² plot ranged from 2.3 to 24.1. The evaluation of the relationship 
between gap size and seedling numbers was carried out on the basis of the average number of 
seedlings per plot for each gap. The graphs contained in figures 55 and 56 depict the average 
seedling number per plot for each of the ten gaps in the Weberstedter Holz for the autumn of 
2001 and 2002.  

As can be seen from the two graphs no distinct pattern emerges as the gap sizes increase. The 
lowest values can be seen in gaps 13 and 33, which are 43m² and 306m² respectively, with the 
highest number of seedlings per plot in gaps 30 and 31, 112m² and 52m² respectively.  

The values for the autumn 2002 recording resemble the pattern of the previous year, with the 
highest number of seedlings again in gaps 31 and 30, just with a slight decrease in the 
seedling numbers per plot. Gaps 13 and 33 also exhibited the lowest seedling numbers per 
plot.  
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Figure 55: The average seedling numbers per plot in the recorded gaps in the Weberstedter Holz in the autumn of 
2001. The gaps are presented in order of size, beginning with the smallest.  
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Figure 56: The average seedling numbers per plot in the recorded gaps in the Weberstedter Holz in the autumn of 
2002. The gaps are presented in order of size, beginning with the smallest. 
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The study of the effect of gap size on the seedling numbers was also evaluated for individual 
species, the focus here placed on the two main species, ash (figure 57) and beech (figure 58). 
Again, no obvious patterns emerged. The number of ash seedlings per gap followed more or 
less the same pattern in both years, and reflected the overall seedling distribution graphs for 
both years (figures 55 and 56 above). The ash seedling density is highest in the smallest gap, 
at 16 seedlings per 1m² plot in 2001 and 13 in 2002, and lowest in the largest gap, at 1 and 3 
seedlings per plot in the two years. No clear pattern emerges between the smallest and largest 
gaps, however. 
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Figure 57: The average ash seedling numbers per plot in the recorded gaps in the Weberstedter Holz in the 
autumns of 2001 and 2002. The gaps are presented in order of size, beginning with the smallest. 
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Beech, like ash, shows no clear pattern with respect to gap size. As can be seen from figure 
58, the highest seedling numbers per plot are found in gaps 30 and 31, at six and five 
seedlings per plot respectively, which is dramatically lower than the values for ash in the 
same gaps. Only one beech seedling was counted per plot in the largest gap in 2001, and one 
every two plots in 2002. 

Figure 58: The average beech seedling numbers per plot in the recorded gaps in the Weberstedter Holz in the 
autumns of 2001 and 2002. The gaps are presented in order of size, beginning with the smallest. 
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A similar examination of the seedling numbers per 1m² for Mühlhausen was considered less 
meaningful, due to the existence of only two gap sizes, as opposed to a gradient. A 
comparison of the seedling numbers per 1m² for both the small and the large gaps in both 
recording periods is presented in figure 59. In this case the greater number of seedlings per 
1m² is evident in the larger gaps, at 29 compared to 12 in the small gaps in the first year, and 
only nine in the large gaps in the second year, with seven in the small.  



 54 

Figure 59: The average seedling numbers per 1m² recorded in the 30m and 60m gaps in Mühlhausen in the 
autumn of 2001 and 2002.  
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5.4.5. Browsing impact 

Prior to beginning the study into tree regeneration, the Institute of Silviculture, Freiburg, 
decided to include fences in a number of the gaps studied because it was felt that the effect of 
browsing is so great in the Central European forests of today, that a study into regeneration 
would not be complete if no consideration was made for it. The gaps in Mühlhausen were all 
fenced, ruling out any possibility of comparing fenced and unfenced gaps. The deer 
population in the forest is so high, however, that it was deemed necessary to ensure 
regeneration within the gaps. A cursory survey of the stands would appear to confirm this 
theory. 

In the Weberstedter Holz, on the other hand, the gaps studied were both fenced and unfenced. 
The fences were erected around the centre point of the gap, with a size of 12m x 12m, 
regardless of the size of the gap. Consequently there were nine 1m² sample plots within each 
fence.  

In order to compare the data collected in the unfenced gaps with that of the fenced gaps, the 
data from the nine central plots was considered, in other words corresponding to the fenced 
area of the fenced gaps. The reason for this was to try and minimise variations of the 
prevailing ecological conditions, i.e. the influence of light, distance from edge trees etc. 
Figure 60 is an illustration of the nine ‘central’ plots in the unfenced gap 20. As was 
mentioned previously, due to the irregular shapes of the gaps in the Weberstedter Holz, the 
‘centre’ is not always easy to define. 
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Figure 60: The nine ‘central’ plots in an unfenced gap in the Weberstedter Holz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

For the purposes of studying the effect of browsing, only the autumn data has been taken into 
consideration. In the autumn of 2001, a total of 911 seedlings were counted in the 90 plots 
recorded. Of these, 277 were located in the fenced plots, compared to 634 in the unfenced 
plots. The relative proportions of each species in the fenced and unfenced gaps, illustrated in 
figure 61, does not vary greatly. Ash accounts for 65% of the seedlings within the fences, 
compared to 57% outside, with beech making up 31% of the seedlings inside the fence, and 
29% outside. 
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Figure 61: Comparison of the relative seedling proportions in the fenced and unfenced plots (autumn 2001). 

 

 

The autumn recording for 2002 reveals a number of shifts in the proportions of each species 
inside and outside of the fences, with the proportions of ash almost reversed, making up 56% 
of the seedlings inside the fences in 2002 and 66% outside. The beech proportion inside the 
fence increases to 39%, on the other hand, and falls to 21% outside the fences. The autumn 
2002 values are illustrated in figure 62.  

Figure 62: Comparison of the relative seedling proportions in the fenced and unfenced plots (autumn 2002). 
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The height class distribution of the seedlings was analysed for the plots inside and outside the 
fences, as an indicator of the degree of browsing within the stand. In the unfenced plots, 85% 
of the seedlings recorded were in the first two height classes, compared to 75% in the fenced 
plots. One year seedlings account for 22% of the seedlings in both cases. The number of 
seedlings between 21-50cm is 12% outside the fences, compared to 21% inside, with no 
seedlings above 91cm. The height class proportions for the fenced and unfenced plots are 
illustrated in figure 63.     

Figure 63: Seedling proportions relative to each height class in the fenced and unfenced plots for autumn 2001.  

 

The difference between the height class proportions was greater in the autumn of 2002. The 
proportion of seedlings in the higher height classes increased dramatically in the fenced gaps, 
with 29% between 21-50cm, 15% between 51-90cm and 5% between 91-130cm, and increase 
of 8%, 12% and 4% respectively. The height class distribution for the unfenced plots 
remained much the same.  

Figure 64: Seedling proportions relative to each height class in the fenced and unfenced plots for autumn 2002. 
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Figures 65, 66 and 67 below show the proportions per distribution class for ash (figure 65), 
beech (figure 66) and sycamore and maple (figure 67) inside and outside of the fences. The 
proportion of ash in the one year seedlings category is much higher than that of the other two 
species at 30%, and is the same both inside and outside of the fences. The proportions of one 
year seedlings also vary little for the sycamore and maples. Only beech shows any variation in 
this respect, with 7% of seedlings within the fences one year seedlings, compared to 14% 
outside. The autumn 2001 results show no clear discernible pattern on the basis of species, the 
effect of fencing on the height distribution, with the possible exception of the sycamore and 
maples.    

Figure 65: Ash seedling proportions relative to each height class in the fenced and unfenced plots for autumn 
2001. 

 

Figure 66: Beech seedling proportions relative to each height class in the fenced and unfenced plots for autumn 
2001. 
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Figure 67: Sycamore and maple seedling proportions relative to each height class in the fenced and unfenced 
plots for autumn 2001. 

 

The above comparisons were also made for the autumn 2002 data. Within the space of a year 
the effect of fencing has become more visible. For each of the three species categories: ash 
(figure 68), beech (figure 69) and the sycamores and maples (figure 70), there is a shift in the 
proportions per height class, in favour of the larger height classes in the fenced gaps. 

The majority of ash seedlings remain in the first two height classes, at 96% in the unfenced 
plots and 71% in the fenced plots. Only 4% of ash seedlings in the unfenced plots exceed 
heights of 21cm, however, compared to 23% between 21-50cm, 5% between 51-90cm and 
1% over 91% in the fenced plots. 

Figure 68: Ash seedling proportions relative to each height class in the fenced and unfenced plots for autumn 
2002. 

 

In the case of the beech seedlings, 54% of the unfenced seedlings are in the first two height 
classes, compared to only 24% in the fenced plots. The proportions of 21-50cm seedlings are 
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Figure 69: Beech seedling proportions relative to each height class in the fenced and unfenced plots for autumn 
2002. 

 

The sycamores and maples follow the same patterns the ash and beech seedlings, but the 
differences are more pronounced. Outside the fences 22% of the seedlings exceed 21cm, with 
none greater than 51cm. Inside the fences 50% exceed 21cm, with a further 30% exceeding 
51cm. 

Figure 70: Sycamore and maple seedling proportions relative to each height class in the fenced and unfenced 
plots for autumn 2002. 
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exhibits a slight but significant variation. Consequently, the young growth data was analysed 
for any patterns with respect to the degree of openness of the canopy overhead. The data was 
tested using the proportion that each species is present with respect to the total number of 
plots per degree of canopy openness. For example, beech was present in 25% of plots to the 
within the gap 13, and 66% of plots beneath the canopy. Using a single factor ANOVA, no 
differences were found, however,  either for the individual species or collectively on the basis 
of canopy openness.  

 

5.4.6.2. Seedling distribution within gaps as a function of location 
Subsequently the tree seedlings were tested for any variation on the basis of location within 
the gap. Again, the mean total PACL was found to show significant differences on the basis 
of location within the gap. The nine possible locations within the gap were north, north east, 
east, south east, south, south west, west, north west and centre.  

Using a single factor ANOVA, no differences could be found for the individual species on the 
basis of location. Viewed collectively, an ANOVA revealed a significant difference on the 
basis of location in the spring 2002 recording, but this was not evident in either of the autumn 
recordings, however. 

 

5.4.7. Growth morphology of beech regeneration and interactions with ecological 

factors 

In each sample plot, the terminal shoot shape and the overall plant shape of the five dominant 
beech seedlings was recorded during the two autumn recordings, as was described in the 
methodology. In practise, this proved impossible in the managed forest Mühlhausen, where 
there were only negligible beech seedling numbers in each plot. The numbers of beech 
seedlings recorded were too few for a meaningful study. 

In the Weberstedter Holz beech seedlings played a more prominent role in the regeneration. In 
the autumn of 2001, 741 beech seedlings were observed in the sample plots, 24% of the total 
seedling number. Of these, 263 were recorded as dominant seedlings. This is the equivalent of 
0.9 beech seedlings per 1m² sample plot. In 2002, 242 dominant beech seedlings were 
recorded, 52% of the beech seedlings recorded in that period. 

The shape of the terminal shoot of each dominant seedling was noted in both years, and 
classified as straight, forked or broom shaped. There were two possible forking variations, 
labelled (A) and (B), which can be seen in figure 7. The results of the terminal shoot shape 
evaluation for the dominant beech located inside and outside of the fenced plots are contained 
in figure 71 below.       

The majority of seedling terminal shoots, both inside and outside of the fences, were straight, 
the proportion in the fenced plots higher at 87%, compared to 61% outside. There were 
significantly more forked individuals outside of the fences, predominantly forking type (B), 
than inside, at 35% compared to only 11% inside. Few broom shaped terminal shoots were 
observed.  
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Figure 71: Comparison of the terminal shoot shape between the dominant beech seedlings recorded in fenced 
and unfenced plots for the autumn of 2001. 

 

In the autumn of 2002, the proportions of straight terminal shoots varied little from the 
previous year. The proportion of forked individuals in the plots remained low in comparison 
to the unfenced plots, a total of 10% compared to 35%. The number of broom shaped terminal 
shoots remained low both inside and outside of the fences. 

Figure 72: Comparison of the terminal shoot shape between the dominant beech seedlings recorded in fenced 
and unfenced plots for the autumn of 2001. 
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both the fenced and unfenced plots, with between 47% and 58% of the seedlings. Very few 
knee shaped, bow shaped and sabre shaped seedlings were observed in either year. 

Figure 73: Comparison of the overall plant shoot shape between the dominant beech seedlings recorded in 
fenced and unfenced plots for the autumn of 2001. 

 

Figure 74: Comparison of the overall plant shape between the dominant beech seedlings recorded in fenced and 
unfenced plots for the autumn of 2002. 
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headings light, ground vegetation and regeneration. 
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5.5.1. Light 

The evaluation of the light climate in the gaps in the Weberstedter Holz was based principally 
upon the differences between the levels of light reaching the ground based as a function of the 
location of the plots in the gap, and the degree of canopy openness over the plots, in other 
words, were the plots in the gap, along the edge or in the stand surrounding the gap.  

Overall the mean light values tested for the gaps in the Weberstedter Holz did not vary 
significantly from gap to gap. That is the mean light value for the smallest gap, gap 30 at 
43m² and the largest gap 33 at 306m²did not differ from one another to any real degree. The 
mean total PACL value for the ten gaps in the Weberstedter Holz was just over 12%, a 
relatively low value. The gaps in Mühlhausen were significantly larger than those in the 
Weberstedter Holz, the 30m gaps having an area of approximately 707m² and the 60m gaps 
an area of 2827m². The largest gap studied in the Weberstedter Holz had n area of 306m². The 
mean total PACL value in the 30m gaps in Mühlhausen was 26% and 52% in the large gaps. 

These differences in the overall gap sizes make a comparison of the regeneration in a natural 
forest with a managed forest difficult, as from our observations in the Weberstedter Holz, the 
development of comparably large gaps is unlikely, certainly prior to the degradation stage of 
the life cycle of a natural forest. 

The study of light intensity as a function of location within the gap in the Weberstedter Holz, 
also revealed a different pattern of light intensity distribution to studies carried out in the gaps 
in Mühlhausen by Conrad (in prep.). His studies revealed clear higher light intensities in the 
northern part of the gap, particularly the north east. These differences with respect to location 
are only partly reflected for the gaps in the Weberstedter Holz. The average direct PACL 
values were especially unusual, in that the value for the gap centre (6%) was lower than the 
surroundings. The reason for this is probably the combination of the small gap size and the 
irregular gap shapes. Whereas the gaps in Mühlhausen are perfectly round, those in the 
natural forest vary greatly (see figures 4 and 13 as examples), with the longest axis in many 
cases running in an east to west direction, resulting in long narrow gaps with little sun 
penetrating through to the open ground. 

The fact that the direct PACL values to the south of the gap are also higher than those in the 
centre may possibly be explained by the fact that the edges of the gaps are often closed over 
vertically by the dense downward growth of the crowns of the edge trees. These densely 
leaved low hanging branches prevent light from penetrating through to the centre from the 
south, whereas the less dense crowns of the trees behind the edge trees allow more light 
through. 

 

5.5.2. Ground vegetation 

Despite the fact that both the Weberstedter Holz and Mühlhausen belong to the Hordelymo-
Fagetum association and are situated on similar sites, there was a great deal of variation 
between the ground vegetation present in both forests. Whereas in the Weberstedter Holz 
Mercurialis perennis dominates much of the forest in the summer and autumn months, with 
coverages of up to about 70%, no one species was clearly dominant in Mühlhausen. The most 
common species observed were Oxalis acetosella, Lamium maculatum and Galium odoratum, 
the latter two being entirely absent from the plots sampled in the Weberstedter Holz. There 
were 42 herbal species recorded in the Weberstedter Holz compared to 44 in Mühlhausen, yet 
only 15 species were present on both sites. 
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The ground vegetation in the Weberstedter Holz was examined on the basis of the degree of 
canopy openness above the vegetation sample plots and their position with respect to the 
centre of the gap. The analysis using BioDiversity Pro revealed that there was approximately 
80% similarity between the ground vegetation within the gap and along the gap edge over the 
two recording periods, indicating a relatively large change in the species and their coverage 
moving away from the gap. The degree of similarity between the ground vegetation and the 
gap was 75%. The fact that the tested level of similarity between the ground vegetation in the 
stand and that along the gap edge, suggests that the edge effect is important for the herb layer. 

Unfortunately the analysis of the ground vegetation on the basis of location within the gap 
was not very conclusive. The results show the degree of similarity of the vegetation varies 
greatly as a function of location. Upon first look the results for the autumn of 2001 seem 
plausible, in that the degree of similarity between the plots in the north and north west is 
greater than with those in the south or south east, for example. A comparison of the analysis 
for the three recording periods, however, reveals a great deal of variation in the similarity for 
the same locations. For example, locations with 78% similarity in one year, had a 49% degree 
of similarity the next. The very low degree of similarity in some cases, for example 49%, is 
also a cause for concern given the small areas  being considered. In carrying out the analysis it 
may have been appropriate to differentiate the data further, taking not only location into 
consideration, but also the distance from the edge of the gap, for example. 

As the age of the gaps in the Weberstedter Holz was unknown in many cases, and may 
frequently have been many years, it was not deemed appropriate to examine a change in the 
vegetation composition over the three recording periods. The main changes would 
presumably have taken place in the first years after gap creation, with more subtle long term 
changes requiring longer observation time frames. The gaps in Mühlhausen, on the other 
hand, were newly created and consequently analysed for changes in the species coverage and 
composition. The result of the analysis revealed similarity of 74% over the two periods, 
suggesting that changes have occurred. In the second year following gap creation thirty herbal 
species were observed in the gaps. The following year five of those species had disappeared, 
namely Conyza canadensis, Galium sylvaticum, Hieracium sylvaticum, Polygonatum 
odoratum and Rubus caesius, the latter four of which are shade to half-shade species. A 
number of other species also experienced a dramatic decline in their overall coverage, for 
example Galium odoratum, Mercurialis perennis and Hordelymus europaeus. Some of the 
very light demanding species also declined in the second year, probably due to a lack of 
competitiveness and the appearance of large ground vegetation species which limited the light 
they received, for example, Cirsium acaule and the aforementioned Conyza canadensis, 
which disappeared altogether. 

During the autumn 2001 recording 39 ground vegetation species were recorded in 
Mühlhausen, 14 of which were not present in the previous year, for example, Carduus 
acanthoides, Epilobium angustifolium and Stachys recta. Other species, such as the light 
demanding Cirsium arvense and Rubus idaeus, where present in greater abundance. In the 
Weberstedter Holz on the other hand, there were virtually no light demanding species present, 
with the exception of the half-light species Cardamine amara, Galium aparine, Juncus 
effusus, among very few others, all recorded in the largest gap. This is a further indicator of 
the differing light climates within the gaps of the two sites. 

 

5.5.3. Regeneration 

The studies carried out in both the Weberstedter Holz and Mühlhausen as part of WP3 also 
revealed differences in the regeneration process. In both forests ash seedlings dominate the 
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young growth with between 59-67% over the two autumn recording periods in the 
Weberstedter Holz and 78-88% in Mühlhausen. The proportion of ash varies from season to 
season, however, and is dependant on frequent and abundant masts, with lots of new 
germinants each year. This is evidenced by the reduction of the proportion of ash seedlings in 
the Weberstedter Holz in the spring of 2002, following losses during the winter. This can also 
be seen from the fact that few ash are present in the height classes above 21cm in both the 
Weberstedter Holz and Mühlhausen. 

Whereas in Mühlhausen the proportion of beech seedlings in the six gaps is very low at 
between 3-6% over the two recording periods, it is greater in Weberstedter Holz at between 
19-24% of the seedlings. When compared on the basis of beech seedlings per m² the ratio is 
two seedlings to every one. The reasons for the differences between the two sites are not 
entirely clear from the data given their proximity and the similar site conditions. The much 
higher light values in Mühlhausen may play a role, as may the age differences between the 
two stands. Unfortunately there was not sufficient data relating to the regeneration of beech 
within the stand, as opposed to in the gaps, to compare differences in fructification levels 
between the two stands. 

No seedlings taller than 130m were recorded in the Weberstedter Holz in any of the recording 
periods, regardless of species. In Mühlhausen, on the other hand, 7% of all of the seedlings 
recorded in 2001 were over 130cm. The reasons for this would appear to be a combination of 
the larger gap sizes and the resultant higher light intensities, encouraging more rapid height 
growth and the presence of fences surrounding all of the gaps. In Mühlhausen in the autumn 
of 2000 there were no seedlings greater than 131cm, with only 1% between 91-130cm. The 
large increase in the proportion of seedlings in the larger height classes, evident even when 
the large number of one year old seedlings from the previous year is accounted for, suggests 
the increased light intensity is the main reason increased height growth. In none of the gaps in 
the Weberstedter Holz was the same level of height growth observed. Although differences in 
height growth were observed between the fenced and unfenced gaps in the Weberstedter 
Holz, they were not as pronounced due to the much slower growth rates. There was no clear 
effect of doubling the gap diameter on the height growth of the seedlings in Mühlhausen, 
however. The seedlings in the 60m gaps did not increase in height any more quickly than 
those in the 30m gaps. 

As there were both fenced and unfenced plots in the Weberstedter Holz, the effect of 
browsing on seedling growth could be examined. The proportion of one year seedlings 
recorded inside and outside of the fenced plots did not vary in the first year after the fences 
were erected. In the second year changes in the height class distribution of the species inside 
and outside of the fences were becoming evident. Outside of the fences 84% of the seedlings 
recorded were <20cm in height, compared with only 51% of the seedlings in the fenced plots. 
The seedling proportion between 21-50cm is only 13% outside the fences, compared to 29% 
inside. Twenty percent of the seedlings inside the fences exceed 50cm, compared to only 2% 
outside, a clear indicator of the impact of deer within the Weberstedter Holz, despite the slow 
growth rates compared to the brighter gaps in Mühlhausen. Figures 58-63 reveal the impact of 
fencing on the different species, and show the impact of browsing to be greatest upon the 
sycamore and maple seedlings, but also very evident for beech. 

 

5.6. Conclusions 

The research carried out by the Institute of Silviculture of the University of Freiburg under 
WP3 of the Nat-Man project was flawed from the beginning in a number of important 
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respects, which has made an evaluation and a comparison of the results from the managed and 
unmanaged research sites very difficult. The fact that the gaps in the managed forest had to be 
cut and set up prior to finalisation of the WP3 work plan has resulted in numerous deviations 
from the work plan. In the Weberstedter Holz, on the other hand, all research was constrained 
by the restrictions placed upon the use of the research site. The original goal of the study was 
to study tree seedling growth and vegetation dynamics in the first years after gap creation. 
This was not possible in the Weberstedter Holz, however, as the creation of new gaps was not 
permitted. Furthermore, it was not possible to determine the actual ages of the ten gaps that 
were studied. Ultimately, most of the gaps were a number of years old, and as a result the 
early phases of development within newly created gaps could not be observed, but rather 
intermediate phases, following creation but prior to gap closure. 

The lack of intervention in the Weberstedter Holz also meant that the size and shape of the 
gaps could not be determined, as was the case in the managed forest. All of the gaps in the 
Weberstedter Holz were considerably smaller than those in Mühlhausen. The irregular shapes 
were also of significance from the point of view of the light climate within the gaps, making 
comparisons with the perfectly circular gaps in Mühlhausen very difficult. 

From the results, however, fencing would appear to be vital for successful regeneration in 
gaps. Though all of the research plots in Mühlhausen were fenced, the effect of browsing was 
clear merely by comparing the area inside and outside of the fences visually. In the 
Weberstedter Holz, where height growth is much lower due to the significantly lower light 
intensity levels in the gaps, the results show the effect of fencing on seedling height 
distribution after two years. The effect of fencing on the form of the seedlings showed no 
clear results as yet. Presumably once seedlings which have germinated within the fences have 
had more time to grow an effect will become evident. 

The study shows clear differences between natural regeneration processes in near natural 
beech forests and the attempts at simulation in managed forests. The average gap size 
recorded on the research site in the Weberstedter Holz was 118m², with a maximum gap size 
of just over 300m². The small gaps in Mühlhausen, on the other hand, with a diameter of 30m, 
covered an area of over 700m². Furthermore, the gaps in a natural forest are rarely round, but 
elliptical. This has a large impact on the light intensity within gaps, as does the direction of 
the ellipse, as gaps with a long north-south axis will be brighter than those running in an east-
west direction. The effect of this can be seen in the height growth in the two forests, with 
seedlings in Mühlhausen reaching greater maximum heights two years after gap creation than 
those within the Weberstedter Holz after many years within gaps. 

As a means of comparison between purely natural regeneration processes in Central European 
beech forests and attempts at simulating these processes, the results would suggest that the 
natural and the replicated continue to differ very greatly from one another. 
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5.7. Appendices 

Table 13: Ground vegetation species present in and around the gaps in the Weberstedter Holz 

Latin name Common English name Common German name 
Aegopodium 
podagraria goutweed Giersch 

Allium ursinum ransoms Bären-Lauch 

Anemone nemorosa wood anemone Busch-Windröschen 

Anemone ranunculoides yellow anemone gelbes Windröschen 

Arum maculatum lords and ladies Aronstab 

Asarum europaeum European wild ginger Haselwurz 

Athyrium filix femina lady fern gemeiner Frauenfarn 

Brachypodium sylvaticum false brome Wald-Zwenke 

Bromus ramosus hairy brome, woodland brome späte Wald-Trespe 

Cardamine amara larger bittercress bitteres Schaumkraut 

Carex remota remote sedge, distant flowered sedge Winkel-Segge 

Carex sylvatica wood sedge Wald-Segge 

Circaea lutetiana enchanter's nightshade großes Hexenkraut 

Corydalis cava coridale, bird-in-a-bush, hollowroot-birthwood hohler Lerchensporn 

Dentaria bulbifera coralwort, coral root Zwiebel-Zahnwurz 

Deschampsia cespitosa tufted hairgrass Rasen-Schmiele 

Fragaria vesca wild strawberry Wald-Erdbeere 

Galeobdolon luteum yellow archangel Goldnessel 

Galium aparine cleavers Kletten-Labkraut 

Geranium spp. cranesbill Storchschnabel 

Geum urbanum herb bennet, common avens echte Nelkenwurz 

Hepatica nobilis liverleaf Leberblümchen 

Hordelymus europaeus wood barley Waldgerste 

Juncus effusus bog rush Flatter-Binse 

Lathyrus vernus spring vetchling Frühlings-Platterbse 

Mercurialis perennis dog's mercury ausdauerndes Bingelkraut 

Milium effusum wood millet Flattergras 

Oxalis acetosella wood sorrel Wald-Sauerklee 

Paris quadrifolia herb-Paris vierblättrige Einbeere 

Primula elatior oxlip hohe Sclüsselblume 

Primula veris cowslip Wiesen-Sclüsselblume 

Ranunculus ficaria celandine Scharbockskraut 

Ranunculus lanuginosus wooly buttercup wolliger Hahnenfuß 

Ranunculus repens creeping buttercup kriechender Hahnenfuß 

Rumex sanguineus red veined dock Blut-Ampfer 

Senecio ovatus groundsel/ragwort fuchssches Greiskraut 

Solidago virgaurea golden rod gemeine Goldrute 

Stellaria holostea greater stitchwort echte Sternmiere 

Taraxacum officinale dandelion gemeiner Löwenzahn 

Thelypteris phegopteris northern beech fern Buchenfarn 

Urtica dioica stinging nettle große Brennessel 

Viola reichenbachiana pale wood violet, early dog violet Wald-Veilchen 

 
Table 14: Tree seedling species present in and around the gaps in the Weberstedter Holz 

Latin name Common English name Common German name 
Acer campestre field maple Feldahorn 

Acer platanoides Norway maple Spitzahorn 
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Acer pseudoplatanus sycamore Bergahorn 

Carpinus betulus hornbeam Hainbuche 

Crataegus laevigata midland hawthorn zweigriffliger Weißdorn 

Fagus sylvatica beech (Rot)buche 

Frangula alnus alder buckthorn Faulbaum 

Fraxinus excelsior ash Esche 

Prunus avium wild cherry Vogel-Kirsche 

Quercus robur pedunculate oak Stiel-Eiche 

Ulmus glabra wych elm Berg-Ulme 

 
Table 15: Ground vegetation species present in and around the gaps in Mühlhausen 

Latin name Common English name Common German name 
Aegopodium podagraria goutweed Giersch 

Arctium nemorosum burdock Hain-Klette 

Asarum europaeum European wild ginger Haselwurz 

Athyrium filix-femina lady fern gemeiner Frauenfarn 

Brachypodium sylvaticum false brome Wald-Zwenke 

Carduus acanthoides curled thistle Weg-Distel 

Carex montana  Berg-Segge 

Carex remota remote sedge, distant flowered sedge Winkel-Segge 

Carex sylvatica wood sedge Wald-Segge 

Cirsium acaule dwarf thistle  

Cirsium arvense perennial thistle Acker Kratzdistel 

Conyza canadensis Canadian horseweed kanadisches Berufkraut 

Epilobium angustifolium fireweed schmallblättriges Weidenröschen 

Epilobium montanum broadleaved willowherb Berg-Weidenröschen 

Epilobium roseum pale willowherb Rosenrotes Weidenröschen 

Galium odoratum sweetscented bedstraw Wladmeister 

Galium sylvaticum scotchmist Wald-Labkraut 

Geranium robertianum herb Robert Stinkende Storchschnabel 

Geum urbanum herb bennet, common avens echte Nelkenwurz 

Hieracium sylvaticum hawkweed gewöhnliches Habichtskraut 

Hordelymus europaeus wood barley Waldgerste 

Impatiens parviflora smallflower touch me not kleines Springkraut 

Lactuca virosa Great lettuce Gift-Lattich  

Lamium album white dead nettle Weiße Taubnessel 

Lamium maculatum spotted dead nettle gefleckte Taubnessel 

Lapsana communis nipplewort Rainkohl 

Lathyrus vernus spring vetchling Frühlings-Platterbse 

Lilium martagon martagon lily Türkenbund 

Melampyrum sylvaticum cow wheat Wald-Wachtelweizen 

Melica nutans mountain melick Nickendes Perlgras 

Mercurialis perennis dog's mercury Bingelkraut 

Milium effusum wood millet Flattergras 

Mycelis muralis wall lettuce Mauerlattich 

Oxalis acetosella wood sorrel Wald-Sauerklee 

Petasites hybridus butterbur Gemeine Pestwurz 

Plantago major broadleaf plantain Breit-Wegerich 

Poa annua annual bluegrass einjähriges Rispengras 

Poa nemoralis wood meadow grass Hain-Rispengras 

Polygonatum odoratum scented Solomon’s seal Wohlriechende Weißwurz 

Polygonatum verticillatum whorled Solomon’s seal Quirl-Wießwurz 

Prenanthes purpurea  Hasenlattich 

Rubus caesius European dewberry Kratzbeere 
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Rubus fruticosus European blackberry echte Brombeere 

Rubus idaeus wild raspberry Himbeere 

Rumex acetosa sour dock Wiesen-Sauerampfer 

Stachys recta perennial yellow woundwort Aufrechter Ziest 

Stachys sylvatica wood woundwort Waldziest 

Taraxacum officinale dandelion gemeiner Löwenzahn 

Viola canina dog violet Hunds-Veilchen 

Viola reichenbachiana pale wood violet, early dog violet Wald-Veilchen 

 
Table 16: Tree seedling species present in and around the gaps in Mühlhausen 

Latin name Common English name Common German name 

Acer platanoides Norway maple Spitzahorn 

Acer pseudoplatanus sycamore Bergahorn 

Carpinus betulus hornbeam Hainbuche 

Fagus sylvatica beech Rotbuche 

Fraxinus excelsior ash Esche 

Picea abies Norway spruce Fichte 

Prunus avium wild cherry Kirsche 

Quercus petraea sessile oak Traubeneiche 

Salix caprea sallow Salweide 

Sorbus aucuparia rowan Eberesche 

Tilia spp. lime Linde 

Ulmus glabra wych elm Bergulme 

 




