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A B S T R A C T

This overview of relationships between biodiversity and management focuses on Central European Fagus forests.
Present management and conservation activities are embedded in the geographic and historic background of
Central European forest flora, including endangered, protected, and plant species for which Germany has taken
special responsibility to ensure their future survival. Managed and unmanaged forests are compared with respect
to plants and other organisms. Based on the floristic background, management for climate change and con-
sequences of conservation on a global ecological footprint will be discussed.

The Central European tree flora contains only about 7% of the tree diversity of East Asia. Only a few genera
re-migrated to Central Europe after the Pleistocene, while others were lost during the Pleistocene, e.g. the genus
Pseudotsuga.

In this study the forest flora is characterized by specialized plant species that only grow in forests. These forest
specialists contribute only 10% of the plant species of the total German flora. This fraction is even less (4–5%) for
Romania which is generally regarded as a region with close to “natural” forest conditions. Also, the forest flora of
Germany and Romania contains fewer apomictic and hybrid plant species than the non-forest flora. No forest
plant species have gone extinct in Germany in the past 250 years, which is the time since the first floristic
documentation of a plant species that was lost in Thuringia, despite intense forest use including changes in
dominant tree species.

With respect to the Natura 2000 goals of maintaining species diversity of Europe, the deciduous forest, as
managed by rotation forestry, contain more protected and endangered species, and species for which Germany
has taken responsibility than protected forest. Forests managed with permanent forest cover (so-called “man-
agement close-to-nature”) contain fewer plant species than age-class (rotation) forestry. The abundance of dead
wood-fungi and of soil bacteria is higher in rotation forest than in protected forests. For the initial phase of
decay, a dead wood experiment identified two important tree species, Carpinus betulus and Picea abies, as the
most preferred tree species for xylobionts. Carpinus has the most diverse fungal flora among all wood types and is
a typical species for managed forests.

The Natura 2000 habitat types were defined by plant species, but the assessment of ecosystem health is based
on bird species in Central Europe. A time series extending from 1927 until 2015 indicates that most non-mi-
gratory forest bird species show an increasing abundance since 1970. Adding migrating and rare bird species
populations resulted in constant average abundances since 1970. There is no evidence that sustainable forest
management has led to decreased biodiversity in Central Europe. In view of climate change and increasing
presence of tree diseases, Europe should avoid enlarging its ecological footprint by taking Central European
forests out of management.

1. Introduction

It is generally accepted that biodiversity is in decline, and it has
been proposed that biodiversity can only be maintained through con-
servation of specific ecosystems or of larger land areas (Global
Biodiversity Assessment, 1995; Pimm, Jenkins, & Abell, 2014; WBGU,

2001). However, biodiversity is not equally distributed across the
globe. The highest plant species numbers are found in the humid tropics
and subtropics, and species numbers strongly decline towards the
temperate and polar zones. Along this gradient about 35 hot spots of
plant diversity have been identified as regions with high numbers of
endemic species and rapidly changing land use (Mittermeier, Turner,
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Larsen, Brooks, & Gascon, 2011). It is quite clear that major efforts are
needed to maintain genetic resources in these regions (Hilger et al.,
2015a, 2015b). In this context Central Europe is not a hot spot of di-
versity, whereas the Mediterranean Basin is a hotspot linked to the
Caucasus and Irano-Anatolian regions, and thus connecting to the
Mountains of Central Asia including the Himalaya and merging into the
Mountains of Southwest China (see also Akhemetiev and Zaporozhets,
2014). The global map of hot spots should be a baseline for global
conservation efforts. In Central Europe forest biodiversity is closely
linked to human activities (Küster, 1998).

In contrast to this global knowledge, the German “Strategy for
Biodiversity” aims at taking 5% of the forest land out of management
(Nationale Strategie zur Biologischen Vielfalt, 2008) since “forestry” is
regarded as the second most important factor endangering species after
agriculture (BfN, 2015). In addition to taking forests out of manage-
ment for conservation, a certification by the Forest Stewardship Council
(FSC) is recommended for managed public forests, which should result
in a further 10% of unmanaged land as a baseline for “natural” devel-
opment and in the identification of 10 habitat trees ha−1. Additionally,
there are restrictions on management, despite all observational and
experimental knowledge about biodiversity of re-wilding forests. The
main review of the past that compared unmanaged with managed forest
sites in Europe (Paillet, Bergès, & Hjältèn, 2010) concluded that age
class (rotation) forestry does not differ from unmanaged forest with
respect to species richness of major groups of organisms (see Paillet,
Table 4). Individual organismic groups had higher species richness in
unmanaged forest (see Paillet, Table 2) because of the unequal dis-
tribution of study plots and due to merging age class management with
“permanent forest cover”, a methodology that resulted in an apparent
decline of species richness under management.

In order to further investigate the effects of management on biodi-
versity, a large scale observational study was initiated in Germany in
2008, where organismic diversity was investigated in southern, central
and northern Germany, comparing in each region unmanaged forests
with different types of managed forest using experimental plots that are
part of a grid-based inventory (Fischer et al., 2010). The investigation is
centered on Fagus forests, which are a major focus of the European
Habitats Directive (http://eur-lex.europa.eu/legal-content/EN/ALL/?
uri=CELEX:01992L0043-20070101, accessed 18.07.17) in which 12
Fagus-habitat types have been listed to be of European interest
(European Commission, 2007). In addition, Fagus sylvatica is a UNESCO
cultural heritage species (whc.unesco.org/en/list/1133/documents,
accessed 18.07.17). At present, Fagus forests make up only about 15%
of the actual forest cover in Germany (1.7 Mill ha, http://bwi.info/
start.aspx, accessed 18.07.17; Grossmann, 2012) even though they
could cover about 60% of the area (www.EUFORGEN.org, accessed
18.07.17). The area of Fagus in Germany is 20% smaller than the area of
Fagus in Romania (2.1 Mill ha, http://roifn.ro/site/rezultate-ifn-1/,
accessed 18.07.17). A large fraction of the potential distribution of
Fagus in Germany was converted into coniferous forest in the past
century. Despite the suggested importance of Fagus forests in the Ha-
bitats Directive, Central European Fagus forests contain only one out of
46 forest plant species of the Annex II plant list (http://eur-lex.europa.
eu/legal-content/EN/ALL/?uri=CELEX:01992L0043-20070101).

In the following, data from the German biodiversity-management
project will be reviewed in the context of the floral history of forests in
Central Europe and of future climate change. I am aware that this
analysis is valid only for sustainable forest management of deciduous
forests, and it cannot be expanded to exploitation forestry in other re-
gions of the world. The focus will mainly be on plants, because plants
were the basis for distinguishing the habitat-types in the Habitats
Directive. I will present data on other organisms as they are available,
extending the analysis beyond the project boundaries. All study plots
were located inside Natura 2000 sites. It is the aim of this study to show
the multiple facets of effects of management and conservation, and to
draw conclusions about future development for maintaining diversity in

Central Europe’s Forests.

2. The floral history of central europe

Biodiversity of Central European forests can only be discussed in a
historic context, because the flora was impoverished during the
Pleistocene, and all forest tree species of Europe have a post-glacial
migratory background. In a comparison to the tree diversity of tem-
perate deciduous forests elsewhere in the Northern Hemisphere
(Schulze et al., 2015), East Asia is by far the most diverse broad-leaved
forest region of the Northern Hemisphere, containing almost 4 times as
many tree species as North America and more than 10 times as many
tree species as temperate Europe. The differences are larger than pos-
sible effects of taxonomic nomenclature (e.g. a tendency to split genera
into many species exists in East Asia, contrasting with a tendency to
lump species in North America) (Table 1).

In Europe, the main genetic source for forests is East Asia. Many of
the temperate zone tree species migrated from East Asia via the
Caucasus and invaded Europe via the Balkans in the Cenozoic.
Examples include the genera Fagus (Denk and Grimm, 2009) and
Pseudotsuga (Kunzmann, 2014; Yabe, 2011; Fig. 1). Both genera evolved
in Northwestern North America (Oregon) and migrated to Japan and
China during the course of the Cenozoic. Fagus and Pseudotsuga reached
the Caucasus and Europe from China via the Central Asian Mountains.
In the Cenozoic, there were 4 Fagus species and 3 Pseudotsuga species
growing in Central Europe forming mixed deciduous-coniferous forest
stands.

The ancestor of the contemporary Fagus sylvatica is the Eocene Fagus
castaneifolia (Fig. 2A) which gave rise to Fagus gussonii in the Oligocene,
a species that went extinct about 5 Mill years ago. Fagus castaneifolia
then split into the contemporary Fagus crenata and Fagus haidingeri
about 23 Mill years ago, and it is Fagus haidingeri which split into the
contemporary Fagus sylvatica and Fagus orientalis only about 9 Mill years
ago (Grímsson, Grimm, Zetter, & Denk, 2016;Renner, Grimm,
Kapli, & Denk, 2016). In fact, Fagus sylvatica and F. orientalis are the
youngest of all contemporary Fagus species. Fagus lucida and F. grand-
ifolia are evolutionarily much older species (38 and 45 Mill years old
respectively). After the last glaciation, Fagus sylvatica invaded Northern
Europe from Italy and possibly from refugee regions in Southern and
Southeastern Europe (Magri, 2008), and the migration of Fagus sylvatica
into northern Europe is closely related to the spread of agriculture
(Endrodi and Gyulai, 2000).

The history of Pseudotsuga is very similar to that of Fagus. The
contemporary Pseudotsuga sinensis has cones that are similar to those of
European P. jechorekiae and P. loehrii in Cenozoic Europe (Kunzmann,
2014; Fig. 2), even though the cones became larger in contemporary P.
sinensis. In contrast to Fagus, Pseudotsuga did not reach the Caucasus and
Europe after the Pleistocene, despite its presence in Europe in the
Miocene. Thus, Pseudotsuga may be regarded as a Palaeo-neophyte
(Schulze et al., 2015) in the modern forest flora of Europe. It is a genus
that was part of the European flora in the late Cenozoic under similar
climatic conditions as those that exist today. Only by chance, this genus
did not reach Europe again. There is no science basis to reject culti-
vation of Pseudotsuga by nature conservation.

Fig. 2 bottom: Cones of the European Cenozoic Pseudotsuga

Table 1
Number of tree species in the temperate climate of Central Europe, Eastern North America
and East Asia (Schulze et al., 2015).

Number of tree
species

Central
Europe

Eastern North
America

Northeastern Asia

Broad leaved 55 203 733
Coniferous 8 33 94
Total 63 236 827
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jechorekiae and P. loehrii (Kunzmann, 2014), and of contemporary P.
sinensis (Photo Schulze).

Even though the migration pattern of Fagus and Pseudotsuga holds
for most European tree genera, there are exceptions. Quercus evolved
north of Greenland, and migrated East and West, forming a fairly uni-
form genetic structure around the Northern Hemisphere (Schulze et al.,
2015). The numerous contemporary Quercus species, which are mor-
phologically distinct but genetically very close, emerged in relatively
recent geological times. In contrast, Robinia pseudacacia differs from
Pseudotsuga, Fagus, and Quercus as being a North American endemic
species that was brought by humans to Europe for afforestation of de-
vastated land.

Moving from single species migration at a global scale to the floral
history of specific regions, the floral history of Germany contains a
continual increase of plant species with very few losses (Fig. 3). Most
plant species exist in open habitats. Typical forest species (forest spe-
cialists that are restricted to forests and forest edges according to
Schmidt, Kriebitzsch, & Ewald, 2011) contribute only about 10% to the
total flora. The flora ot Central Europe has been classified into “in-
digenous species” that invaded Europa after the Pleistocene con-
tributing about 74% to the total flora, “archaeophytes” that arrived in
Europe with the early farmers contributing about 8%, and the “neo-
phytes” that reached Europe after the discovery of America by Co-
lumbus represening about 17% of the total flora. This classification
remains arbitrary, as the role of human activities may be under-
estimated (Lyons et al., 2016). There is an additional group of plant
species, which is distinct but which has mostly been neglected in plant

biodiversity assessments, namely “apomyctic species” that regenerate
without pollination, and hybrids. The origin of the homozygote apo-
mictic species remains unclear, but speciation appears to be linked to
human land-use and to an advanced taxonomy (Thompson, 2012;
Stockstadt, 2013). The evolution of the genus Rubus is an example
(Sochor, Vašut, & Sharbel, 2015) of “swarms” of apomictic species
evolving along different clades of Rubus, accelerated by human dis-
turbances (see also Yakimowski and Riesenberg, 2014). Apomicts in-
crease plant diversity by another 35%. There are more apomicts (960
species) than endangered species (589 species). In contrast to open
land, forests contain only 3 apomicts in the genus Sorbus. Apparently,
forests lack the same kind of evolution of species as in grasslands and
croplands. One major feature of the European tree flora is its compo-
sition by genera with only a single representative species. Thus, there is
little chance for hybridization and further evolution for most European
tree genera. This contrasts to the taxonomic situation in East Asia.

Only 37 plant species (27 indigenous species, 8 archaeophytes, and
2 neophytes) were lost in Germany in historic times (Korneck,
Schnittler, & Vollmer, 1996). In forests, the Red Lists records 2 extinct
species, but Carex depauperata was rediscovered (Hickler et al., 2012),
and Veronica paniculata is a steppe species of Southeastern Europe
(Bozga, Indreica, & Lazar, 2013) and not a forest specialist. Thus, no
forest species in the strict sense were lost during a floral record of the
past 250 yrs (Schulze and Ammer, 2015), where the time-frame is based
on the last record of the wetland species Gladiolus palustris in Thuringia
by Förster in 1768 (Korsch and Westhus, 2011). During all of this time
forests were heavily used (Hess, 1898) and managed (Köstler, 1934).

Fig. 1. Palaeography of Fagus and Pseudotsuga (modified from Schulze et al., 2015, based on Denk and Grimm, 2009; Yabe, 2011, and Kunzmann, 2014).
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Species losses are larger at smaller spatial scales (e.g. the red lists of
Thuringia enumerates 107 lost species) and decrease at larger spatial
scales (only 3 plant species are lost in Europe from the Mediterranean
region, Schulze et al., 2015).

From the historic changes in biodiversity of the German flora we

may learn that the protection of the flora as a whole cannot be achieved
only by protecting forests, because 90% of the species exist in non-
forest habitats. In addition, the Central European tree flora has rela-
tively little to offer. It is an impoverished “arm” of the Near East and
Asian hotspots, despite of all landscape legacies on plant diversity that

Fig. 2. top: Phylogeny of Fagus sylvatica and closely related Fagus species (modified from Renner et al., 2016).
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may delay immediate environmental effects (Sitzia and Trentanovi
2011). The starting conditions for management and conservation are
set by the present flora (Sitzia et al., 2012).

3. The effects of forest management on endangered, protected and
responsibility plant species, and on natura 2000 plant species of
community interest

Based on the floral history I will focus in the following sections on
the distribution and fate of endangered and protected plant species in
Germany, because it is this group of species which has received atten-
tion in conservation activities, and which has resulted in major con-
cerns regarding management.

“Protected species” are sheltered by law, and their selection is based
on decisions by a governmental administration. In contrast,

“endangered species” are classified by Non-Governmental
Organizations under the rules of the IUCN. In addition, there are species
for which Germany has taken special responsibility to ensure their
survival (Ludwig, May, & Otto, 2007). The rules of conservation in
Europe are set by the European Habitats Directive (http://eur-lex.
europa.eu/legal-content/EN/ALL/?uri=CELEX:01992L0043-
20070101, accessed 18.07.17, see European Commission, 2015) and its
Annex II (http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=
CELEX:01992L0043-20070101, accessed 18.07.17), which lists a total
of 46 plant species, some of which have “priority status” (European
Commission, 2015). There is only one Annex II species growing in
Central European Fagus forests, the protected and endangered Cypri-
pedium calceolus (European Commission, 2015), which grows not only
in habitat type 9150 (Cephalanthero-Fagion), but also in open pine and
spruce forests and in many other habitats. Thus, in the following I will
focus on those species that are rare, under conservation or under na-
tional responsibility (RCN species).

The different conservation regimes are not “nested” entities (i.e.
some endangered species are protected, and for some of these protected
species Germany takes the responsibility to assure their further ex-
istence). Instead, the three “columns” of conservation are almost in-
dependent schemes with minute overlap (Fig. 4). The Annex II species
of Natura 2000 and the “priority species” add additional levels of
complexity by adding further independent entities. In German forests
there are 52 endangered and 5 potentially endangered plant species, 60
protected plant species, and 17 plant species under national responsi-
bility. According to the official classifications, the overlap is only 5
plant species, two of which turn out not to be typical forest plant species
(Asplenium adulterinum grows on serpentine rock, and Hymenoptera
thunbergiensis on wet sandstone cliffs). The three remaining plant spe-
cies that are endangered, protected, and under national responsibility
are Pulmonaria collina (various deciduous forests and hedges in South
Germany), Chimaphila umbellata (open Pine forests) and Epipogium

Fig. 3. Historic change of the biodiversity of the German plant flora (left) and for the German forest flora (right, Category 1.1 and 1.2 according to Schmidt et al., 2011) since about 7000
BCE (from Schulze et al., 2015). The exact curvature of changes in neophytes and apomictic species remains unknown. Species numbers follow Wisskirchen and Haeupler (1998).

Fig. 4. Numbers of plant species occurring in forests with their association to nature
conservation, red lists of IUCN, and to responsibility species according to the European
Natura-2000 Habitats Directive. Numbers indicate the number of plant species in the
respective sector (after Schulze and Ammer, 2015).
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aphyllum (Fagus forests; Schulze and Ammer, 2015). One option for
conservation would be to focus on these three species.

RCN species represent 42% of the total flora (1177 out of 2795
species, neglecting apomictic species). In forests, this number is lower,
namely 29% (99 out of a total of 346). However, about every third plant
species seen by a forest visitor could be contained in one of the con-
servation schemes. This large fraction makes management difficult, and
it appears not to reflect the reality.

In this context it may be of interest to compare the German situation
with other countries in Europe. Here I take Romania as a contrast,
because Romania is generally regarded as being more “natural” in its
management, and as a link to Southern and Eastern Europe it is to be
expected that it has a more diverse flora. Romania contains a total of
3136 natural plant species and 600 plant subspecies (Ciocalan, 2009).
Thus, surprisingly, the Romanian flora is only about 12% more rich
than that of Germany, but Romania has a lesser number of subspecies,
which may result from a lesser intensity of management, i.e. forests in
Romania are managed to a large extent by a “cut and run” (Schulze,
Bouriaud, Bussler, et al., 2014) which results in high stand densities and
a very scarce ground flora. The forest flora of Romania (forest specia-
lists) contains only about 142 forest specialists, which is only 4.5% of
the flora, and a considerably smaller number of species than in Ger-
many (Candrea-Bozga, Indreica, & Lazar, 2013). Only 7 forest species
are endangered (red list), but only 1 species is endangered and pro-
tected. One may take this as an indication that reduced intensity of
forest use results in lesser number of forest species and lesser number of
RCN-species. Semenik National Park may serve as an example for a
decrease in plant species diversity with conservation in Fagus forests
(Fig. 5). Fagus sylvatica remained on large areas as the sole tree species.
Any canopy gap is filled by Fagus regeneration. The rich herbaceous
flora of the forest floor of managed forests is missing, and there is
surprisingly little grounded dead wood, possibly due to the effects of
Fomes fomentosus, a fungus that decomposes the wood of Fagus while
the trees are still alive. The Romanian data are supported by studies in
Switzerland (Brang et al., 2009), which identify a reduction in forest
diversity caused by reduced management. This indicates that the floral
situation in Germany, Sitzerland and Romania represents a broader
geographic pattern in Europe.

To further investigate the effects of management, a grid-based in-
ventory of Fagus forests was established in Germany along a
100 × 100 m grid containing about 3000 grid points of 400 m2 at each
point (Hessenmöller, Nieschulze, Lüpke, & Schulze, 2011). The species
under conservation or enumerated in the Red List, or being declared as
species under national responsibility (the RCN-species) were recorded
and accumulated with an increasing number of sample plots.

Management types were age-class rotation forestry (75% of the in-
ventory points), where Fagus regenerates naturally under a shelter of a
few seed trees, selectively cut forest (14% of the inventory points),
where individual trees of harvestable dimensions are extracted (Plen-
terwald), and unmanaged forest (natural parks and reserves; 11% of the
inventory points). Species accumulation curves were constructed by
repeated subsampling of the total number of inventory points. This
method allows an assessment of a 95% confidence interval, and an
extrapolation to equivalent inventory numbers (see Schulze, Boch,
Müller, Levick, & Schumacher, 2016).

Species accumulation curves for RCN plant species in the Hainich
region of Thuringia increased rapidly with increasing inventory plot
numbers (Fig. 6), but reached saturation or a continuously increasing
trajectory with larger inventory plot numbers. The confidence interval
indicates the highest variability for observations in unmanaged forests,
and the lowest variability in selectively cut forests. The confidence
limits of all management forms overlap, i.e. there is no significant
difference between any of these management forms. Selectively cut
forests may be separated from rotation forestry at high observation
numbers with lower RCN-numbers under selective cutting. Managed
forests had the highest number of RCN plant species even at comparable
numbers of observation plots. Selectively harvested forests had the
lowest number of RCN species. Apparently, in unmanaged and in se-
lectively cut forests the permanent canopy cover out-shades numerous
plant species (Mölder, Streit, & Schmidt, 2014).

The number of mosses and lichens is also not significantly different
between management types, but unmanaged forests had a slightly
higher number of RCN species at low numbers of observations.
Selectively harvested forests had the lowest number of RCN species. The
initial increase in numbers is steeper than for vascular plants.

The foregoing data focused on RCN-plant species only. However, the
total flora of vascular plants, mosses and lichens is more diverse than
the RCN-species indicate, and we need the total flora to understand the
diversity of other organisms (Scherber et al., 2010). Thus, Table 2
contains data on the total floristic biodiversity of these sites. Plant di-
versity is higher in managed than in unmanaged forests, and Boch,
Prati, Müller, et al. (2013) interpret this as a result of higher dis-
turbances. Structural diversity is important (Schall, Ammer, Ayasse,
Schulze, & Fischer, 2017), and not only the RCN-species gain from
management. Since it is the objective of Natura-2000 to maintain
European Biodiversity (Preamble of the Habitat Directive), with Article
2 stating that it is “the aim of this Directive…to contribute towards
ensuring bio-diversity through the conservation of natural habitats“,
conservation activities may have to be re-considered in view of the field
observations. To ensure that biodiversity is maintained at large

Fig. 5. The “virgin” forest of Semenik Natl. Park in Romania with monotypic stands of Fagus sylvatica showing very little grounded dead wood and almost no herbaceous plant species.
Semenik National Park is famous for its animal species that are linked to water (Foto ED Schulze, May 2017, from Schulze, 2017).

E.D. Schulze Journal for Nature Conservation 43 (2018) 213–226

218



geographic scales, sustainable forest management appears to become an
even more important contributor. The Romanian and Swiss example
indicates that the results based on German observations may in fact be
extended to all of Central and Eastern Europe.

4. Effects of management on forest biodiversity of other plant- and
other organismic groups

The effects of management on other organismic groups have rarely
been studied on a grid based scale, and in this study, complete grid
based data are only available for plants. However, fungi and soil bac-
teria were studied on a subset of grid points.

The available data on fungi and bacteria (Table 2) confirm that
deciduous rotation forests show a trend of a higher diversity than un-
managed forests. Also Paillet et al., 2010 did not find a significant effect
of management (clear-cutting) on fungi. Paillet et al. (2010) found a
significant negative effect for fungi only under “selective cutting close
to nature”. The variation for microorganisms is very high. Thus, the
differences are not significant for bacteria, but significant for fungi. The
variation can be explained by soil pH and rainfall, and by the diversity
of herbaceous plants on the forest floor (Felsmann et al., 2015; Wubet
et al., 2012). Lichens appear to be a special case due to the effects of
SO2 in the past century. The re-migration is still ongoing. Nevertheless,
a forest structure containing dead wood and snags is important in this
process (Nascimbene, Dainese, & Sitzia, 2013).

The small number of plots used for investigating fungi and bacteria
makes apparent that most other organismic groups cannot be in-
vestigated using a large grid. The level of detail required by such work
is prohibitive. Thus, approaches other than regional distributions were
used to identify mechanisms for differences in diversity. In this context,
one major group of organisms that has been of conservation concern is
the xylobiontic beetles. These are the most species rich organisms in
forests, and it has been hypothesized that these organisms require large

quantities of dead wood (Müller and Bütler, 2010), which may only
exist after major forest disturbances. Meanwhile it becomes apparent
that it is not just the amount of dead wood but also the temperature that
determines the presence of rare dead wood beetles (Müller, Boch,
Blaser, Fischer, & Prati, 2015; Müller, Brustel, et al., 2015). 100 m3/ha
can be lowered to about 12 m3/ha if the temperature on the forest floor
increases by about 0.5 K. This amount of dead wood is lower than the
average in managed forests of Germany. Thus, additional factors limit
the distribution of dead wood beetles. To study the food preference of
xylobionts, a dead wood experiment was established on a subset of
inventory points. Logs of 4 m length and with a diameter of> 30 cm
were exposed under different types of management (14 species, 3 re-
gions, 5 replications, 5 management types for a total of 1050 logs).
Wood-dwelling insects were collected over 5 years at regular intervals
during each growing season (see Gossner et al., 2016). Multiple re-
gression models were calculated to explain the observed number of
xylobionts for each log.

Carpinus betulus and Picea abies turned out to be the woody species
most preferred by xylobionts (Fig. 7). 90% of all captured beetles were
found on these two woody species. Quercus added 5% to the diversity of
observed species, and Fagus added an additional 1%. The maximum
number found on single logs was not different for these 4 tree species. It
was not possible to statistically separate the preference of RCN species
among observed woody species, i.e. rare beetle species occurred on
each tree species. It is possible that rare xylobionts prefer other species
at later stages of decomposition. However, comparisons are difficult,
because Carpinus has the highest decay rate of 13 woody species. The
lowest decay rates were found in Fraxinus and Quercus. In nature, by the
time that Carpinus has decomposed, remnants of Fraxinus and Quercus
still exist and still house xylobionts. Nevertheless, species richness of
Fungi and Coleoptera, and the mineral composition, determined the
decay rate (Kahl et al., 2017). Thus, forest structure and changes with
management determines beetle communities rather than conservation

Fig. 6. Species accumulation curves for RCN-forest species in the Hainich region (Schulze, Boch, et al., 2016). 95% confidence interval is indicated by colored shades. Dashed lines are
extrapolations based on the measured data (solid lines).

Table 2
Comparison of species numbers (average ± standard deviation) of various organismic groups under different types of management. Plot size was 20 × 20 m. Number of plots was 1500
for plants, but only 3 for fungi, and 9 for bacteria.

Conservation Rotation forestry Reference

Herbs (number/plot) 27 ± 1.3 32 ± 0.8 Boch, Prati, Müller, & Socher, (2013)
Mosses (number/plot 7 ± 1.6 10 ± 0.8 Müller, Boch et al., 2015; Müller, Brustel, et al.,2015
Lichens (number/plot) 5 ± 0.5 5 ± 0.5 Boch, Prati, Hessenmöller, Schulze, & Fischer, (2013)
Fungi (number/plot) 17 ± 3.9 27 ± 3.5 Blaser, Prati, Senn-Irlet, & Fischer (2013)
Soil bacteria (OTUs/plot) 1296 ± 330 1337 ± 130 Felsmann et al. (2015)
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(Sitzia, Campagnaro, Gatti, Sommacal, & Kotze, 2015). The effects of
climate remain unknown, but there are indications that rare xylobionts
favor warmer climates (Müller et al., 2015b; Gossner personal com-
munication), or exposure to the sun, as it is the case in managed forests
(Seibold et al., 2014).

Carpinus occurs mainly in managed forest, and it is generally out-
competed by Fagus in unmanaged forest (Burschel and Huss, 2003). It is
unclear how the hornbeam-oak forests of Natura 2000 (habitat type
9170) can be maintained at all without management. Picea has been
introduced into montane Fagus forests by planting in Germany. Thus,
the type of wood and not wood mass attracts and maintains xylobionts,
and the preferred tree species assembly is linked to management (Sitzia

et al., 2015). The same observations have been made for fungi
(Purahong, Wubet, Krüger, & Buscot, 2016)

In this context it may be of interest to note that saproxylic beetles
are known to increase in abundance and species richness in Eastern
Europe. Defilkeul Juiliu National Park in Romania was established
based on the presence of 115 rare xylobionts representing the complete
saproxylic beetle fauna of this region (Bussler, Müller, & Dorka, 2005).
Defilkeul Jiuliu is a former coppice forest that supplied charcoal to the
nearby iron industry in Petrosani. Thus, a history of intensive use and
not protection was the historical basis for the high diversity of sa-
proxylic beetles, and it remains unclear if these organisms will survive
under protection. The Romanian forest reserve may serve as an example
that present species richness is affected by historic management. In the
case of Defilkeul Jiuliu, the rare species survived probably because of
intensive management. However, once rare species are lost, or if by
chance rare species were never present, comparing managed and un-
managed sites or plots will not lead to a conclusion of a negative effect
of management. Thus, in the case of the wood-decay experiment by
Gossner et al. (2016), history could have biased the result in that sa-
proxylic were lost in the past in Thuringian forests, when forest man-
agement changed from coppice to high forest. Rare saproxylic species
still exist in Thuringia in parks, road side trees, and other open habitats.
Thus, the wood-decay experiment was repeated in southern, central and
northern Germany, representing a gradient in forest history and cli-
mate, and making sure that rare dead wood xylobionts were still pre-
sent in the associated fauna.

In a meta-analysis of the exploratory-experiment (see Fischer et al.,
2010; Schall, Gossner, et al., 2017) compared alpha, beta and gamma
diversity of 15 organismic groups along the same study sites of the
wood-decay experiment, which is indeed the most comprehensive study
on effects of management in Central Europe. The main result is that a
coarse-grained heterogeneity of forest landscapes provided by different
ages of tree cohorts is the major driver for biodiversity and makes
sustainably managed forests superior to uneven-aged and unmanaged

Fig. 7. Number of xylobiontic beetles as observed in single logs of freshly cut timber over
5 years of exposure. Each dot represents a log of a specific tree species. The diversity was
explained by multiple regression models (1–10) using different tree species and tree
species combinations as independent variables (see Gossner et al., 2016).

Fig. 8. (left panel): Time series of abundance of Parus caeruleus since 1927 (Berndt and Winkel, 1979), of Parus major and Sitta europaea since 1957 (Winkel, 2002), and of the following
PECBMS European bird observations (www.wbcc.info/index.php?ID=612): Picus canus, Parus palustris, Garrulus glandarius, Certhia brachydactyla, Dendrocarpus martius, Dendrocarpus
media, Dendrocarpus minor, and Pyrrhula pyrrhula.
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forest. Plant diversity even determines the diversity of soil organic
compounds (El Moujahid, Le Roux, Michalet, Bellvert, &Weigelt, 2017)

Even though the definition of the Natura 2000 Habitat Types is
made on the basis of plant species, the assessment of biodiversity is
made via bird species in Germany (BfN, 2015). Thus, it is of great in-
terest to know about the trend in bird populations for forest ecosystems
in Central Europe as an indicator for ecosystem “health”. This, how-
ever, is not easily possible because birds are not observed on a grid
basis, and long-term population studies rarely extend before 1990.
Fig. 8 summarizes studies for deciduous and coniferous forests in Ger-
many based on the data available from several bird watching institu-
tions, and from the Pan-European Common Bird Monitoring Scheme
(PECBMS, 2016; http://www.wbcc.info/index.php?ID=612), which
averages observations across Europe. Both approaches have their own
high intrinsic uncertainties at the level of the individual observation
(Berthold, pers. communication). Clearly, a grid-based observation
system could improve our knowledge of bird-life (Sitzia, Dainese,
Clementi, &Mattedi, 2014)

(right panel): Meta-analyses of forest bird populations of the
German Biodiversity report (BfN, 2015) based on 13 rare and common,
as well as migrating and non-migrating bird species, the European
Natura 2000 report on forests (European Commission, 2015) based on
29 forest species, and of European Tree Atlas (San-Miguel-Ayabz, De
Rigo, Caudullo, Tracy, &Mauri, 2016) based on 34 forest species.

The longest record is available for the Blue Tit, Parus caeruleus,
which extends from 1927 until 2015 (Berndt and Winkel, 1979;
Winkler, 2002, PECBMS-database, Fig. 8 left panel). Therefore P.
caeruleus was included in this study even though it is not a strict forest
specialist (PECBMS-database). The Blue Tit was initially studied using
3000 artificial nesting-holes that were placed over 1200 km2 of Fagus
forest near Braunschweig in northern Germany. The authors discuss
that the numbers may be an overestimate of natural populations due to
the nesting support. Nevertheless, the data show large annual varia-
tions, and the data merge into the PECBMS-data of natural populations.
A linear regression through the data of Winkel reaches 56% abundance
in 1970 and a linear regression through the PECBMS data predicts 55%
abundance in 1970. Thus, the earlier observations are representative.
The Blue Tit time series was complemented by observations on Parus
major and Sitta europaea extending from 1957 until 2016 (Winkel,
2002), and by adding common non-migratory bird species since 1980
(PECBMS-data). Here we selected the data of all true forest species that
are under observation in the European network and which do not mi-
grate (Peterson, Mountfort, & Hallom, 1966; Tucker and Evans, 1997).
We are aware that the number of species is limited by the observation
system. All data were scaled to 1990 as 100% because 1990 is the
endpoint of observations by Winkel (2002), and the beginning of the
PECBMS observations. It should also be kept in mind that the popula-
tion dynamics of individual bird species may be quite different for
forests and for non-forest land. The Blue Tit may serve as an example of
stable populations in forests, but the same bird species shows severely
declining populations in non-forest land due to an increasing lack of
nesting holes (Berthold, pers. communication).

In the PECBNS dataset, all but two species significantly increase in
their abundance after 1970. The slope of increase is 1.5% of relative
abundance per year since 1970. The increase appears to be related to
climate change, providing longer growing seasons and milder tem-
peratures in winter. The two species not participating in the increase
but showing stable populations after 2000 are Dendrocarpus minor and
Pyrrhula pyrrhula. Parus palustris is intermediate; its populations de-
creased since 1980 but increased again since 2000. The large variation
of the relative abundances of the declining species could be due to
absolutely low populations. The decrease in population of Dendrocarpus
minor may have resulted from effects of forest decline in the 1980s
providing a high number of dead trees at that time, while Pyrrhula
pyrrhula appears to be affected by an intestinal disease (Berthold pers.
communication).

Obviously most non-migratory bird species take advantage of cli-
mate change with warmer winters and longer growing seasons
(Richardson et al., 2013), while migratory birds face increasing risks of
hunting along the migration route, of land-use change in the winter
habitats, and of a mismatch between breeding and food supply in the
summer habitats (Bairlein, 2016). The mismatch of food supply and
migration time may occur along the outgoing route in autumn as well as
on the return route in spring. For instance, Turdus philomelos generally
aggregates in large flocks to feed on fruits of Sorbus aucuparia in suc-
cessional montane forest of Thuringia in October. In 2016 Sorbus au-
cuparia had a mast year, but only a few birds were feeding on the fruits.
The swarms of Turdus philomelos arrived in December and visited the
same Sorbus stands as every year but at a time when all the fruits had
already dropped to the ground and been eaten by other ground-
dwelling animals (Schulze, personal observation).

In contrast to the recent increase in abundance of non-migratory
forest species, meta-analyses containing migratory and non-migratory,
and common as well as rare species, show a constant level of bird po-
pulations since 1990 (Fig. 8, right panel). The German biodiversity
assessment shows an average relative abundance of 95 ± 1% standard
deviation for 13 forest species as related to 1990 abundance (BfN,
2015). The German BfN-data were officially scaled to about 80% in
1970 with the expectation that by taking forests out of management
bird abundance would increase. However, this did not happen based on
the selected “basket” of birds. The trend of stable average bird popu-
lations was confirmed by the EU-Natura 2000 Forest Report (European
Commission, 2015), which shows decadal variations of 87% ± 7% of
the 1990 value for 29 forest bird species. Also, the European Atlas of
Forest Tree Species (San-Miguel-Ayabz et al., 2016) shows a constant
level for 34 forest bird species since 1995 (88% ± 5% based on 1990
abundance). The axverages decline with an increasing number of spe-
cies under consideration due to the increased fraction of migratory bird
species. Thus downscaling of the German data to 80% taking 1970 as a
baseline by the German Biodiversity Report (BfN, 2015) has no scien-
tific basis in view of the other European meta-analyses, which are based
on a larger set of bird species. It is unlikely that the abundances of
migrating birds can be increased solely by conservation or management
in Germany, because the populations of these species are regulated by
conditions encountered during migration. However, the non-migrating
forest bird species increased since 1970 by 57%, which is more than the
German 20% correction factor.

Taking birds as indicator for “ecosystem health” in forests may
contain a bias because other top predators declined, e.g. snakes
(Serfling and Serfling, 2017). However, there is no European snake that
is confined to forests. They all require open habitats. Thus, snakes may
suffer from a loss of habitats under continuous canopy cover as it is the
case under non-management or under management “close to nature”.
Thus, snakes will not represent “ecosystem health” as we expect from
birds. Also, the losses of wolves, bear and lynx (Hess, 1898) are not
caused by a decline in ecosystems, but by intentional extinctions (Ott,
2004).

5. Effects of deer populations

Forest biodiversity is regulated not only by forest management or
conservation, but also by hunting and deer populations. Hunting has its
own legislation. Free living deer have no owner in Germany; they be-
come the property of a hunter only when shot. Thus, effects of man-
agement and strategies for conservation cannot be discussed without
recognition of the abundance of ungulates, which affect tree species
composition (Ammer, 1996). In Europe, the roe-deer (Capreolus ca-
preolus) feeds selectively on rare plant species and on species of pre-
ferred taste, which results in a shift of tree species dominance in de-
ciduous forest. The effects of ungulate browsing on tree composition are
far larger than the effects of management in deciduous forests (Schulze,
Bouriaud, Wäldchen, et al., 2014).
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Here I present data (Table 3) based on the same inventory-grid
mentioned above. Tree species richness decreased in managed and
unmanaged forest with increasing height of regeneration. Compared to
the canopy, the relative loss of tree species> 1.3 m height during re-
generation is between 52 and 67%, with the highest losses under un-
managed conditions due to the higher ungulate populations following
termination of hunting in the absence of any predators (Schulze,
Bouriaud, Wäldchen, et al., 2014). With fencing, this loss of species
disappears (Schulze, 2014). As discussed by Schulze, Bouriaud,
Hessenmoeller (2016), there is a broad public consensus for main-
taining large ungulate populations despite the obvious effects on di-
versity with all its biological consequences. There is no change in
hunting policy visible, even in protected areas where the strategy of
“letting nature be nature” enhances the problem, and despite of the fact
that it is well-known that increased hunting activities could solve the
problem (Hothorn and Müller, 2010).

Concerning conservation, the national parks focusing on temperate
deciduous forest in Germany are located in former state hunting areas
(details for Serrahn Natl. Park are summarized by Spieß, 2013; Kel-
lerwald Natl. Park was even fenced for state hunts and the author
participated in such hunts when he was young). The exception is Hai-
nich Natl. Park, which was intensively used by local villages for wood,
charcoal, soot, ash, and grazing during a time of unclear property rights
of the nobility (Witticke and Biehl, 2009). In contrast, the monotypic
stands of Fagus in Serrahn, Grumsin, Ascona, and Kellerwald compared
to the tree species richness of Hainich are a consequence of deer
browsing.

6. Expected effects of climate change

The need for forest diversity has been recognized as major tool for
maintaining ecosystem services under conditions of climate change
(Isbell, Craven, & Connolly, 2015) and for climate mitigation. Biomass
production was chosen in most studies as major parameter to quantify
effects of diversity (Hickler, Bolte, & Hartard, 2014) despite the fact that
biomass production is controlled to a large extent by management in
temperate and boreal ecosystems (Birdsey and Pan, 2015; Campioli
et al., 2015; Noormets et al., 2015).

For grasslands it is well established that productivity increases with
plant species diversity (Hector, Schmid, & Beierkuhnlein, 1999). It was
also established for grasslands that abundance and species richness of
all other organisms depends on plant diversity (Scherber et al., 2010).
This holds even for belowground organisms that relay on root exudates
and fungal biomass (Eisenhauer et al., 2017). Plant diversity promotes
temporal stability (Proulx, Wirth, & Voigt, 2010) and supports nu-
merous additional ecosystem functions in addition to productivity
(Allan, Breshherds, &McDowell, 2015).

It remains difficult to reproduce these diversity effects for forests,
due to their legacy in structure and composition (Sitzia and Trentanovi,
2011). A major attempt was made by Liang et al. (2016), who estab-
lished a productivity-diversity relationship from a global forest data-
base. Thus, a loss of forest species could potentially have a “cost” in
mitigation capacity via productivity. The productivity-diversity

relationship of Liang et al. (2016) is still under discussion, because
managed forests with few species reach the highest productivity in a
global comparison. Thus, the conflict between achieving the highest
level of climate mitigation via conservation or via intensive manage-
ment remains. However, climate change will affect ecosystem structure
and composition beyond productivity. According to a model analysis of
Spellmann et al. (2015) only 6–9% of spruce and beech forest grew in
habitats with a high risk of drought in 2015. This situation will change
in the future. By 2050, 55% to 65% of spruce and beech forest will
experience a high risk of drought. Only pine and oak forests appear to
be more drought-adapted. All species are expected to decrease in pro-
ductivity. Based on these predictions, major changes in forest compo-
sition are to be expected in the next decades, and these changes will be
preceded by an increasing spread of tree diseases prior to climate
change (Schulze et al., 2015) (Table 4).

The predicted change in climate and forest species distributions has
major consequences for nature conservation of Natura 2000, which
aims at maintaining the present diversity in geographically confined
regions without allowing for invasion by non-native species even
though such species may be indigenous and fill open niches (see Pearce,
2015). The concept of Natura 2000 is based on a phyto-sociological
classification (Braun-Blanquet, 1964), a concept which has been ques-
tioned in population biology due to the fact that species move in-
dividually (e.g. Day, Hutchings, &Watkinson, 1987). Nevertheless, the
concept was maintained in conservation as a tool of communication
between practitioners. Maintaining phyto-sociological units will prob-
ably not be possible under global change. This will also make Appro-
priate Assessments of Natura 2000 regions (Article 6.3 of the Habitat
Directive) rather difficult (Sitzia, Campagnaro, & Grigolato, 2016).
Especially endangered are large blocks of protected areas, which cannot
be moved. In fact, protected areas may serve as a baseline of increasing
species change where an interaction among climate change, invasion,
ungulate effects, and modern pests and diseases exists. These changes
are not recognized by the Natura 2000 Directive, which tries to avoid
any deterioration of habitats (Article 6.2) despite of know effects of
diseases. The present flora and fauna could probably be best supported
by a grid-based regional network of small plots, representing a diversity
of structures, or by sustainable forest management maintaining a di-
versity of tree species under strict control of ungulate populations
(Rösch, Tscharnke, Scherber, & Baratry, 2015). After all, the present
diversity of temperate European forests results from management in the
past centuries. Given this situation, most likely the native species as-
semblage will need support from non-native or palaeo-neophytic tree
species in the near future because the temperate European forest tree
flora consists mostly of genera that are mono-specific, and many of
these species are endangered by pests and diseases. In fact, the East
Asian and North American deciduous tree flora may be more resilient to
climate change due to the species richness within genera and the as-
sociated possibility of evolution via hybridization (see Huang et al.,
2016), which is not possible among the monotypic genera of Europe’s
forests (Soltis, Clayton, & Soltis, 2014). Thus, if European species fail
due to climate change, the open niche may be filled by closely related
species that still exist in East Asia or North America (Schulze et al.,
2015).

Table 3
Loss of tree species due to ungulate browsing in the regeneration of forests under various
types of management (632 plots protected, 1967 plots selection cutting, 670 plots age
class, and 140 plots fenced forest). The specific effects of ungulates can be seen from
fencing experiments (Schulze, 2014a; Lüpke et al., 2011).

No. tree species Canopy Regeneration
20–50 cm

Regeneration
> 1.3m

Species loss
%

Protected 18 11 6 67
Selection forest 20 18 7 65
Age class forest 21 16 10 52
Fenced plots 20 20 19 1

Table 4
The fraction of total forest area (%) as occupied by different forest species and being
affected by drought under present climate conditions and as expected in the future
(Spellmann et al., 2015).

1981 to 2016
(% of forest area)

2041 to 2070
(% of forest area)

Picea 8.9 62.5
Fagus 5.6 56.0
Quercus <1 <1
Pinus <1 <1
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7. The ecological footprint of taking forests out of management

In a world of increasing human needs and activities, and global
trade under conditions of uneven distribution of species richness across
the globe, there are effects of conservation at one location on other
places of this globe, which may be non-linear. In the following I try to
point at such linkages.

The German Strategy of Biodiversity (Nationale Strategie zur bio-
logischen Vielfalt, 2008) plans to set aside 5% of the forest area to be
unmanaged, focusing on broad-leaved forests. In addition, there is a
political pressure for FSC certification in public forests. Since forest
growth is balancing the wood demand neither in Germany nor in
Europe (Seintsch and Weimar, 2013; Forest Europe, 2015), the request
of setting aside 5% of the forest area has immediate consequences for
imports. Since the wood balance is assessed at a national level, an es-
timate about the external cost of conservation and certification is not
possible at an ecosystem or regional scale. Therefore, here I present an
estimate of the effects of conservation and certification at the national
level of Germany, assuming that extra wood would be exported from
boreal forests, mainly in Russia or Eastern Europe (Schulze,
Frör, & Hessenmöller, 2016).

The forest area of Germany is about 11 Mill ha with an average
annual volume increment of 11 m3 ha−1 yr−1 being harvested and a
loss of residues of about 20%. If 5% of this forest area is taken out of
management following the German Biodiversity Strategy (Nationale
Strategie zur biologischen Vielfalt, 2008), and only 3% (and not the
newly required 10%) of the forest area is taken out of management as
baseline for FSC-certification, with additional 10 habitat trees ha−1 as
requested by FSC, and a change in forest management from rotation
forest towards “permanent forest cover”, this will result in an estimated
loss of harvested wood of about 26 Mill m3 year−1 for Germany. In
order to close demand with supply, additional wood needs to be im-
ported by Germany, and the source is most likely the boreal forest re-
gion of Asia or Eastern Europe, where volume increment is on the order
of 1–1.5 m3 ha−1 y−1, and harvest residues exceed 50%. There is a 20-
fold difference in growth and harvesting efficiency between Germany
and Eastern Europe. Thus, taking 5% of forest out of management re-
quires an area equivalent to the total forest area of Germany to be clear
cut in Eastern Europe each year, enlarging the ecological footprint of
Germany significantly. If this import strategy will remain in the future,
a sustainable clear-cutting in Russia will require a 200-fold of the
German forest area due to a 200 year rotation in Siberian forests.

Similar considerations about the effects of conservation on the
ecological footprint are also most likely applicable to Europe as a
whole, due to the fact that the demand for wood and wood products is
higher than forest growth (Forest Europe, 2014). The increased imports
from boreal forests in Asia and North America are an immediate in-
dicator of these effects (SRREN, 2011; EUWID, 2017). The footprint
could be reduced by imports from tropical plantations.

8. Synthesis

The present study is an attempt to summarize the multiple facets
that determine biodiversity in managed and unmanaged forest, and
most likely, the number of interactions in nature is even more diverse.
Nevertheless, the numerous parameters tend to point in the same di-
rection. Sustainable forest management, as it is exercised in Europe,
promotes rather than diminishes organismic diversity, even for en-
dangered species, as compared to unmanaged forests. The number of
plant species in unmanaged forest or selection forests decreases com-
pared to rotation forestry. Creating large openings and larger cohorts of
different-aged trees and diverse canopies appears to be a major driver
for most, if not all other organisms. This also includes the creation of
larger openings in the canopy by harvesting, which are opportunities
for species migration and changes in mixture as well as generating
logging residues. These openings should be large enough to create a

northern and a southern edge, which results in a microclimate that is
equivalent to several degrees of latitude. Clear cuts are presently for-
bidden by German forest law, but the existing evidences on biodiversity
may have to change this act. Also, taming and thinning of young stands,
where wood below 10–15 cm diameter is not used but left on site, has
major ecological implications. The plant diversity of forests is not only
determined by tree diversity, but consists to a large extent of herbac-
eous species that require light at the forest floor, and these light con-
ditions are reduced in un-managed and in selectively cut forest. The
decadal change in canopy density of managed forest also allows a re-
establishment of species under conditions of permanent change. Only
rarely, a single species may become dominant, such as Allium ursinum or
Mercurialis perennis, but these stages are not permanent in managed
forest. Under conditions of changes in available light, some species are
even stimulated to flower and to set seed after thinning, e.g. Lilium
martagon or Cephalanthera rubra and C. longifolia, which flower and set
fruits abundantly after thinning (Schulze, personal observations).

It also emerges that forests contain ecosystem properties that were
described in detail for grasslands. Most other organisms follow the di-
versity of plant species. Thus, it remains of ultimate importance that
management maintains a coarse-grained canopy mixture in rotation
forests. The presence of Carpinus dead wood and the dynamics of bird
populations may be the living example for the importance of mixed
forests, which are endangered mainly by insufficient deer regulation.

Two major problems remain:
Firstly, one expectation of nature conservation is that managed

forests do not get old enough, and miss the age of so-called “old-growth
forest”. In analyzing the grid based inventories of deciduous forests in
Thuringia it emerges that unmanaged forest is not different from
managed forest along a volume versus tree age plot (Fig. 9). One could
argue that unmanaged forests in Germany have not yet reached the
stage of old growth forest, which is expected in a few centuries.
Therefore, Fig. 9 also contains the volume/age data of plots from the

Fig. 9. Scatter plots and border lines of sand volumes as related to the age of the stem
with average basal area of the age class forests of Westerwald and Geney in Thuringia and
of Hainich National Park in Thuringia (Schulze, 2017). The Thuringian data are from
grid-based inventories. Also included are existing plots of the Fagus-dominated Nera
National Park in Romania (Turcu, 2012) and the average and standard deviation of a grid
based inventory at Uholka (Commermot: www.wsl.ch/fe/Waldressourcen/projekte/
uholka/index_DE).
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“old” virgin forest, such as Nera National Park (=Semenic, see Fig. 5)
in Romania and of Uholka in the Ukraine (Hobi,
Commarmot, & Bugmann, 2015). Both parks are dominated by Fagus
sylvatica canopies. Unexpectedly, the wood volumes on inventory plots
of managed age class forests in Germany are larger than in Uholka, and
in the same range as in Nera, and trees are older in managed forest than
in the reference national parks. Apparently, the age of trees under un-
managed conditions is limited by wood-decomposing fungi, mainly of
Fomes fomentaria in the aboveground parts of the tree and of Armillaria
mellea belowground (Schulze, 2017). This does not rule out that some
very old trees exist in unmanaged but also under managed conditions.
Thus, it is predicted that plot-scale volumes and ages will decrease
rather than increase with conservation.

Fig. 9 is based on the age of the tree with average basal area which
neglects the plot-scale variation in age and in volume, even though the
average of the quadratic mean diameter tree favors larger diameter
trees. In the case of Fig. 9 the lower threshold of DBH was 7 cm. In
order to further investigate the effect of management on tree size,
Schulze (2017) selected the largest diameter tree from a total of about 2
million measured DBHs of the grid based inventory. The largest beech
tree standing in a closed canopy had a DBH of 116 cm and this forest
was managed by selective cutting. The largest DBH of unmanaged forest
was lower, namely 110.5 cm. The same relation was true for the 10 and
the 100 largest beech trees. In all cases the managed forest had larger
DBH than the unmanaged forest. Based on a DBH-age relation
(Schöning et al., 2013) the age of the largest tree was estimated to be
186 yeas, the average age of the 10 biggest trees was estimated to be
179 years, and the average age of the 100 biggest trees was estimated to
be 171 years, and these ages were similar for the slightly thinner trees
under non-management (Schulze, 2017). As mentioned above, the age
of beech is limited by wood-decaying fungi. The oldest beech tree that
has been sampled in Thuringia on a limestone cliff (Dün region, North
Thuringia) was 286 years old, but this cliff was not included in the grid
based forest inventory, due to an open canopy.

Secondly, the European tree flora contains a major hidden risk that
may become increasingly apparent under conditions of global change:
an impoverished flora that migrated to Europe from genetic refugia in
the Caucasus and the Mediterranean Basin. Most species are monotypic
representatives of genera that are much more diverse in North America
and East Asia. Essentially all tree species in Central Europe have a post-
glacial migratory background, which makes distinguishing between
native and alien species an obsolete mindset. Since diseases are an early
warning sign of climate change, we should be aware that almost 50% of

the European tree species carry lethal diseases that seriously endanger
these species in the future, the elm and ash disease may serve as ex-
amples (Fig. 10). Thus, we should be more open towards so-called
“alien” species that, in part, were present in Europe before the Pleis-
tocene. The hotspots of diversity for Europe are the Caucasus and East
Asia, and we may need these genetic resources in the future to maintain
our forests (see also Allen et al., 2015). At this moment, conservation
enlarges the ecological footprint of Europe into Asia, and we are in the
process of destroying our genetic background. Thus, maintaining di-
versity by use may be more rational than pure conservation efforts in
Europe.

The question remains whether data from Europe can be extra-
polated to other regions of the world. In this context it is of interest to
realize that an anthropogenic basis of existing forest vegetation is in-
creasingly emerging, even in the tropics. A recent study by Levis et al.
(2017) shows that even the Amazonian rain forest contains a persistent
effect of pre-Columbian plant domestication. The situation in Europe
appears to be special, in that sustainable management has reached a
level of diversity that is beyond un-managed situations. This makes
sustainable management rather than conservation necessary.

9. Conclusions

Biodiversity of forests contains only about 10% of the plant species
that exist in the flora of Germany, and this low fraction is similar in
other European countries. The majority of plant species (and most likely
also most other organisms) also exist in non-forest habitats.

In temperate deciduous forests, sustainable forest management
provides habitats for endangered, protected and responsibility species
of various organismic groups at similar or even higher abundance than
in unmanaged forest.

A grid based inventory of managed and unmanaged regions shows
that wood volumes do not increase under unmanaged conditions, and
the age of the tree with average basal area is even lower in unmanaged
than in managed forests. This observation is confirmed by data on
single trees. The largest and the oldest tree were found in managed
forest. The present managed forest contains all features of “old growth
stands” as components of a coarse-grained matrix of structural di-
versity.

There is no record of extinction of a plant species that was a forest
specialist over the past 250 years in Germany. The record of other or-
ganismic groups is less clear. There is no organism that is confined in its
distribution to unmanaged forest. We cannot confirm that sustainable

Fig. 10. The distribution of major tree diseases among trees in
forest use and in trees not in use for native and non-native
species (after Schulze et al., 2015).

E.D. Schulze Journal for Nature Conservation 43 (2018) 213–226

224



forestry is a major threat to diversity in temperate deciduous forests as
suggested by the German BfN-report, but differences may emerge de-
pending on the dominant tree species. The recent National Parks were
established on areas where a limited number of species had been his-
torically sustained by management, or in areas where past hunting re-
gimes resulted in Beech-monocultures.

In view of climate change and the associated expected changes of
ecosystems, the survival of specific habitats and species may only be
possible by sustainable land management at large scales, and not by
protection of fixed pieces of land which cannot be moved under climate
change.

The present conservation schemes appear not to provide the ne-
cessary dynamic to cope with the expected situation of global climate
change..
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