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Preface
The front-page shows an oak, surrounded by beech, in a struggle for survival. Oaks are a
well-known and valued species of the Northwest European forests. The oak’s majesty is
visualised by the two ancient oaks of the old pasturage forest (‘hudewald’) nearby Ivenack
(Germany). It seems that the oak’s majesty is declining. A complex of diseases and stresses
batters oaks (like mildew). Is the oak (still) king of the Dutch forests or just a villein
(medieval serf)?
Here I thank Jan den Ouden for all the time and energy he put in supervising and discussing
(while enjoying a cigarette) my thesis (and reading all of it!). Furthermore I thank Danielle
for reviewing parts of my thesis and more importantly coping with my bad humours (that
happen to appear once a while after a day behind a computer screen).
A literature study without a library and helpful library staff is impossible. I thank the staff of
library the Haaff (WUR, Wageningen) and ROB (Amersfoort).
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Summary
Based on the assumption that oak was a dominant tree species throughout (pre-)
history in natural forests, it is commonly taken for granted that modern nature-based forestry
should favour oak. However oak is declining in the Dutch forests and fails to regenerate.
Consequently one could question the future prospects of oak in the Dutch forests. This
literature study aims at achieving an answer to the question if oak is an anachronism in the
Dutch forests (of the elevated sand and loess soils). The oak’s ecology and history and the
present oak decline have been studied.
The ecology of oak determines the niche of oak in a forest environment.
Quercus robur has no real soil preference, whereas Q. petraea is mostly found on weakly
acid, loamy, moderately moist soils.
One and two-year-old seedlings of both species are well adapted to shade (10% of
daylight). The highest efficiency of the leaves is found at 25% of daylight. As reserve, the
cotyledons are probably of small consequence after the first leafing flush. After two years
light is determining for the survival of oak. Both species need to be provided with at least
30% of daylight.
Oak colonised The Netherlands about 8000 years ago. Tilia dominated the Atlantic
forests situated on loamier or base and nutrient richer soils. Many of the Atlantic soils were
probably richer in nutrients and base cations than nowadays. Quercus probably dominated on
nutrient and base poorer or wetter soils only. The sand and loess landscape was probably
densely forested. The absence of indicators for open landscapes is striking. During the
Atlantic the influence of human was probably small.
During the Neolithic and Bronze Age, Tilia declined on the sandy soils, whereas
Quercus became more important. Tilia is extremely intolerant towards grazing. The
production of fertile fruits of Tilia is very irregular, which makes the species sensitive for
disturbances. Quercus produces enough mast to invade regenerating fields. During these
periods the amount of woodland drastically decreased. The process was accelerated during the
Iron Age. On the loess soils Quercus became the dominant species at cost of Tilia. Quercus
was favoured in coppice systems. On the sandy soils Quercus decreased in abundance. Fagus
sylvatica started to expand during the Iron Age and became (co)-dominant during the Dark
Ages.
During history oak was favoured above all other tree species. Human intervention resulted
in oak dominated woodlands. The oak was favoured in coppice and pasturage systems for its
tannins, wood and acorn mast until the Industrial revolution.
Soil changes favoured oak as well. On soils with a loam content between the 10 and
25 % podzolisation only occurs after disturbances. The Dutch sandy soils mostly have loam
contents within this range. The clearance of forests for agricultural lands resulted in
acidification and podzolisation. Acid, nutrient poorer soils are tolerated by Quercus, whereas
Tilia is intolerant to these circumstances. The competitive strength of Quercus rapidly
increased at cost of Tilia. Hydrological changes had a small impact on forests of elevated
land.
The influence of human was probably far greater than the influence of climatic
fluctuations from the Late Atlantic onwards.
The present day situation of Quercus is characterised by decline and failing
regeneration. Predisposing, inciting and contributing factors are distinguished.
As predisposing factors increased Nitrogen deposition and climatic change are mentioned.
However, their role in oak decline is largely unknown. It is hypothesised that increased
Nitrogen is partly responsible for the observed increase in insect defoliation, due to a
reduction of phenolic compounds.
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A combination of inciting factors, namely oak mildew, insect defoliation and climatic
extremes (drought and frost), is responsible for the present (outbreak) of oak decline. These
stress factors all decrease the photosynthesis and growth of Quercus, which is of consequence
for the competitive power of Quercus. Furthermore high ungulate pressures in most of the
Dutch woodlands hamper regeneration.
The decline of oak at the moment that forestry becomes more nature-based was reason to
investigate the oaks’ place in time. The assumption that oak would be a (co)-dominant species
in (more) natural woodlands is based on assumed dominance throughout (pre-) history. The
described stress factors, responsible for oak, decline are of consequence for the position of
oak in the Dutch forests. However, more importantly wrong references have been used.
During the Atlantic oak was only second after linden. Furthermore the Atlantic cannot be
used as reference, due to changed environmental conditions.
During the historic period oak was the dominant species. However, this dominance was
based on positive human intervention.
The decreasing abundance of oak is the reaction of a species that has been dominant due to
human intervention, whereas in more natural forests this species will be far less dominant.
Oak has a natural niche in the Dutch forests and will remain. In that way oak is not an
anachronism.
The following is concluded:
♦ Oak (Quercus robur and Q. petraea) is not an anachronism in the Dutch forests.
1. The (pre)-historical abundance of oak is due to human intervention.
Intentional during historic times.
•
2. Abiotic and biotic factors that determine the competitive strength of oak changed.
Before the Industrial revolution in a positive way.
•
After the Industrial revolution in a negative way.
•
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1 Introduction and objectives
‘To many ecologists nearly every wood is a more or less modified oak wood’ (Rackham,
1980). This sentence strongly reflects the predominant supposition that oak would be a
dominant species in natural forests. Both, Quercus robur and Quercus petraea are well
adapted to more acidic, nutrient poorer sandy soils (see Ellenberg, 1988, 1991, Fanta, 1982,
Weeda et al., 1985, Hommel et al., 1999). These soils happen to accommodate most of the
Dutch woodlands (Anon. 1984-1994). It is often suggested that both oak species could cover
large parts of these soils, at least in potency (Hommel et al., 1999 and Van de Werf, 1991).
Furthermore, it is generally assumed that oak has been an important tree species in the Dutch
forests, throughout (pre) history and is well suited for the prevailing Dutch climatic and
environmental conditions.
Both native oak species (Quercus robur and Q. petraea) are generally perceived as
ecologically valuable species, which is emphasised by the following examples.
Many species of insects are associated with both indigenous oak species, more than with any
other tree or plant, except for Salix species, in Europe (Morris, 1974). Both native oak species
are extremely rich in bryophytes (and especially epiphytes and lichens, Rose, 1974). Wellstructured oak woodlands with dead wood are ‘at least a satisfactory habitat for birds’ (Flegg
and Bennett, 1974). ‘Every species of woodland mammal with any vegetarian tendencies is
sufficiently adaptable to make extensive use of a good crop of acorns’ (Corbet, 1974).
Besides ecological values, the quality of the wood is unsurpassed by any other Dutch species.
The wood is durable, water resistant and easily split (see Fraanje, 1999). These qualities make
oak wood suitable and wanted for construction purposes.
Throughout history and pre-history (Neolithic onwards), human exercised an enormous
influence on the Dutch landscape (see e.g. Behre, 1988). The Industrial Revolution caused a
drastic change in the attitude of the Dutch population towards the landscape. Important in the
context of oak is the invention of a chemical counterpart for the oaks’ tannins as well as the
invention of artificial fertilisers and the resulting intensification of the landscape. During the
20th century exotic, coniferous tree species were favoured for their fast growth. This industrial
plantation forestry does not favour slow growing species like oak.
Nowadays, Dutch forestry aims at a more natural forest. Within such a forest, deciduous,
native species are considered important. In stead of moncultureous even-aged coniferous
stands, a more diverse forest, with room for native species and natural processes like decay
and natural regeneration is aimed at.
On the ground of the historical abundance of oak it is assumed that if the Dutch forests were
left unmanaged oak would have a dominant part in the regeneration and thus would become a
dominant component of these forests. Consequently, it is supposed that oak is favoured by a
‘do nothing management’ of forests. Thus, in theory nature-based forestry should be
favourable for oak. Notwithstanding, the oak is declining in the Dutch forests (and greater
parts of Northwest Europe, see e.g. Oosterbaan and Nabuurs, 1991, Thomas et al., 2002) and
fails to regenerate in most of the Dutch woodlands.
An anachronism is defined as something that is not in its correct historical or chronological
time, especially a thing that belongs to an earlier time. Otherwise phrased: oak belongs in a
different (pre) historical period, with different prevailing environmental conditions.
In this study, the performance of oak in the (pre) historic forests, the performance of oak in
the present-day forests and the changes of environmental conditions throughout time are
investigated. In that way, the place of oak in time is determined.
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The objective is to formulate an answer to the question if the common oak is an anachronism
in the Netherlands. In other words, if the common oak can be suspected to play a major role in
the Dutch forests. This is achieved with help of a literature study.
This study focuses on the elevated sand and loess soils of the southern and eastern
Netherlands.
In order to answer the main question ‘Is the common oak an anachronism?’ the following
sub-questions are formulated:
1. What is the ecology of Quercus petraea and Q. robur? Special emphasis is given to both
species’ light requirement
2. How did Quercus petraea and Q. robur perform throughout the Holocene in the
Netherlands? Special reference is given to the relation between human and oak
3. To what degree did factors determining the competitive strength and vigour of Quercus
petraea and Q. robur change throughout the Holocene in the Netherlands?
4. Which factors play an important role in the vigour problems and decline of Quercus
petraea and Q. robur in the Netherlands?
The hypothesis is that native oak is an anachronism in the Dutch forests
Further it is hypothesised that:
•

The (pre-) historical abundance of oak is due to human intervention.

•

Abiotic and biotic factors that determine the competitive strength of oak have changed.
Before the Industrial Revolution mainly in a positive way (relative to other tree species).
After the industrial revolution (i.e. the 20th century) in a negative way.

.
Reading guide
The ecology of oak will be treated and discussed in chapter 2. The light demand of tree
species determines to a great extent the competitive position of trees in a forest environment.
In forestry oak is labelled as a light demanding species (Quercus robur somewhat more so
than Quercus petraea see e.g. Krahl-Urban, 1959). Special emphasis is given to the light
demand of oak.
Chapter 3 and 4 describe the history of oak in the Netherlands and neighbouring countries.
The occurrence and distribution of oak in relation to human behaviour is treated in chapter 3.
Chapter 4 deals with the changes of environmental conditions throughout the history of oak
(thus from the Atlantic onwards). Soil, hydrology, climate and their interactions are treated.
Chapter 5 deals with the biotic and abiotic factors that are held responsible for the oak decline
in The Netherlands and Northwest Europe. The influence of these factors and their
interactions are treated with help of the disease decline spiral (Manion, 1981).
In chapter 6 a discussion is given, in which the results of all preceding chapters are combined.
The discussion focuses on the answer to the question if oak is an anachronism in The
Netherlands. Thus the future prospects of both species are at the centre of attention. The
conclusions are given in chapter 7.
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Old oak coppice system on heathland (Sallandse heuvelrug, Netherlands). Photo: Van Oijen.

Ancient pollarded oaks (nearby Rhenen, The Netherlands). Photo: Van Oijen.
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2 Ecology of Quercus petraea and Q. robur
2.1 Introduction
In this chapter the habitat of both oak species will be discussed. Emphasis is given to the soil
and light requirements of the species.
Primary (i.e. independent) site factors that determine the distribution of (tree) species are
climate, parent material (soil), hydrology and topography (see Jenny, 1941). The climatic
boundaries and the consequences for the distribution of both oak species will briefly be
discussed. The parent material is a major determining factor for the occurrence of species on
the sand and loess soils that are not influenced by ground water. Hydrology will be of great
influence in valleys etc. These primary factors determine if a species can occur, thus, if these
conditions fit within a species’ physiological amplitude (range).
In closed forests trees compete for resources. Heavy competition is found concerning light.
Thus, light is a major factor, which determines the occurrence of species in closed forests.
Species with a high light requirement, both in the juvenile and adult stages, will not be
favoured in the darker environments of closed forests. Forests, however, are dynamic
ecosystems and light demanding species are important in the early regeneration stage after
collapse of mature forest. In woodlands, the ecological optimum (of occurrence) of tree
species often differs from their physiological optimum due to competition for light. Typical
shade tolerant species like beech (and lime) are often able to eliminate other species with
higher light requirements. In that way, these species are able to dominate at those sites were
conditions near their physiological optimum (see e.g. Ellenberg, 1988).
The distribution of tree species in Dutch woodlands is, above all, the result of human
interference with ecosystems. It is not the scope of this chapter to discuss the human influence
on both oak species. However, human influence is intertwined with all the levels of
ecosystems. Sometimes it might be difficult to distinguish between habitat demands and
human influence on a species. The vegetation types, with Quercus in the canopy will be
shown at the end of this chapter.
2.2 Distribution of both oak species
Quercus robur is distributed throughout the Netherlands, whereas Quercus petraea has a very
limited distribution. The latter species mostly occurs in ancient woodlands situated in the
Veluwe area, Rijk van Nijmegen and Southern Limburg. Quercus petraea has a scattered
distribution and this species is rarely found outside the hilly areas mentioned (after Prins et
al., 1993). Both species occur throughout Europe; however, the distribution to the east differs.
Quercus petraea does not occur past the east of Poland, whereas Q. robur occurs as east as
the Ural mountains. Quercus robur occurs somewhat more to the north as well (after Burschel
and Huss, 1997). It seems that the more extreme climates (continental) are avoided by Q.
petraea. Thus, the general Dutch climate should not influence the distribution of both oak
species.
2.3 Soil requirements
Eventhough there is a great overlay of ecological conditions with possible growth of Quercus
petraea and Q. robur (Prins et al., 1993); a distinct soil preference of Q. petraea can be found
in literature. Quercus petraea mostly occurs on relatively dry weakly acid loamy soils (Weeda
et al., 1985, Prins et al., 1993, Fanta, 1982, Krahl Urban, 1959 and Houtzagers, 1954). In the
Pleistocene sand area, the species is often bound to ‘holt’ (literately: wood) podzol soils
(moder podzol soils) and ‘ooi’ vague soils (clayey zero vague soils), whereas it does not occur
on ‘haar’ podzol soils (ordinary hydropodzol soils, humus podzols) and sandy hydro or xero
vague soils (after Fanta, 1982). The later soil types are poor in loam (mostly less than 10 %),
whereas the first have a higher loam content (mostly between 10 and 30%) (after Bakker et
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al., 1989). According to the ‘ecotope’ system, Q. petraea is distributed on moist to dry
infertile, weakly acid soils (Van der Meijden, 1996).
Quercus robur has a less pronounced soil preference: from very permeable sand soils to
heavy clay soils (Fanta, 1982, Weeda et al., 1985) or moist to dry, acid to basic, fertile to
infertile soils (Van der Meijden, 1996). Only peat soils are avoided. The optimum growth
conditions, for Q. robur, would be a mineral rich, relatively basic, loamy sand or clay soil
(Mayer, 1992). However the ecological optimum (see fig. 2.1) differs greatly from the
physiological optimum. Quercus robur is most abundant
on soils with less fertile conditions, often too wet or too
dry (after Ellenberg, 1988).
The oxygen requirement of the roots is moderately for Q.
robur, but floods are not endured during the growing
season (Weeda et al., 1985). Frequent and extreme
changes of groundwater level are disastrous for oak stands
of both species (Oosterbaan et al., 1990).
Prins et al., 1993 and French literature (Breda, 2000)
assume that dry soils are better tolerated by Quercus
Figure 2.1. Eco-diagrams after
petraea than Q. robur. However, research done by Van
Ellenberg. Horizontal axis: reaction,
den Burg (1997), indicates that Q. petraea prefers moist
vertical axis soil moisture.
soils, whereas Q. robur tolerates drier circumstances.
At the Veluwe, Q. petraea is found on soils with higher moisture content, whereas Q. robur
is found on soils with lower moisture content. If the species occur on the same soil type (e.g.
‘holt’ podzol soils), than Q. robur will occur on those soils (of the same type) with lower
loam content and moisture availability (see Van den Burg, 1997).
2.4 Light requirement
Introduction
Generally it is assumed that Quercus robur is a light demanding species, whereas Q. petraea
tolerates more shade. However heavy shade, for a prolonged period, is mentioned to be
unfavourable for Q. petraea as well (Prins et al., 1993).
Ellenberg (1991) made a difference between individuals standing in a shrub layer and
individuals in the canopy. He suggests that individuals in the shrub layer are able to cope with
more shade, against individuals in the canopy, needing more light. Severe dieback of old
individuals of Quercus petraea and Q. robur is found in situations where Fagus sylvatica
overgrew their canopy (see Vera, 2000).
Much research has been done on the influence of light in the seedling and sapling stage of
Quercus species. In the forestry sector it is commonly assumed that both oak species ‘need a
lot of light relatively quickly if they are to grow’ (Vera, 2000). He even states that after 5
to10 years the oak needs to be provided with full daylight.
The light requirement of Quercus seedlings
In response to shading oak seedling height, leaf area, specific leaf area and leaf area ratio
increase (see especially Jarvis, 1964: Q. petraea and Ziegenhagen and Kausch, 1995: Q.
robur). ‘These morphogenic reactions [to shading] result in larger surfaces (shoot, leaves),
thus in greater areas to receive the incoming photosynthetic active radiation, however, these
processes are energy consuming and reduce net assimilation’ (Ziegenhagen and Kausch,
1995). Eventhough the leaf area ratio is the highest in heavily shaded circumstances (10%
daylight); the physiological capacity of the leaves is very low. The physiological capacity of
leaves is often expressed as δW/ δt * LA-1 (thus, shoot dry mass per square metre), which is
the unit leave rate. The low physiological capacity of heavily shaded oak seedlings, which is
expressed in a low unit leaf rate (see table 2.1), cannot be compensated by the increase in leaf
area (see Ziegenhagen and Kausch, 1995).
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As reaction to shading, less is invested in the root system, due to increased investments of the
seedlings in the assimilating parts. Thus root weight and root/shoot ratio decrease (see Jarvis,
1964 and Hees and Clerkx, 2003: Q. robur).
According to Jarvis (1964), another response to shading is a decrease in the net assimilation
rate and relative growth rate, concerning an entire growing season. Table 2.1 gives a summary
of the effects of different and changing light intensities on the relative growth rate, leaf area
ratio and unit leaf rate as found by Ziegenhagen and Kausch (1995).
Table 2.1. Effect of different light regimes on relative growth rate, leaf area ratio and unit leaf rate at two-yearold seedlings. Intensity 4/3: seedlings grown under 10% light in the first year, 25% in the second year (after
Ziegenhagen and Kausch, 1995)

100%
50%
25%
10%

RGR
0.84±0.02
0.91±0.01
0.91±0.01
0.68±0.05

LAR (dm2 g-1)
0.61±0.05
0.59±0.06
0.59±0.10
1.19±0.17

ULR (g m-2)
149.2±15.2
174.0±22.1
209.5±42.9
79.7±12.5

INT 4/3

0.90±0.01

0.88±0.14

130.1±16.1

Surprisingly, the relative growth rate and the unit leaf rate are highest in shaded conditions of
25 and 50% daylight. The greatest shoot length and highest total leaf area, together with the
highest ULR are found with seedlings in 25% daylight. The high leaf area ratio, low
efficiency of the leaves and low relative growth rate in full shade (10%) are in accordance
with Jarvis (1964).
Seedlings, which were grown in full shade the first year and transposed to 25% of daylight the
second year show a high adaptive capacity to the new light intensity. These seedlings
revitalise and produce 90% of shoot substance in the second year, but a lower physiological
efficiency remains (Ziegenhagen and Kausch, 1995).
The shoot development of Q. petraea in relation to environmental factors has been studied in
detail by Chaar et al. (1997). They found that the number of flushes (period of continuous
shoot elongation) decreases with increased shading, whereas the annual length increment is
highest in partially shaded circumstances. ‘Partial shading generally increased growth unit
elongation’ (a growth unit is the portion of shoot elongated during one flush). Again, in quite
shaded circumstances (in this case: 18%), annual shoot elongation was highest. In heavier
shaded environments (4% daylight) the growth performance of Q. petraea (here: annual shoot
elongation) declines (after Chaar et al., 1997).
Cotyledons
Acorns germinating in the dark still produce a seedling with a dry mass of 76±0.05g (see
Welander and Ottosson, 1998). This indicates that other factors than the current light situation
alone influence the first development stage of oaklings. In oak, which is a hypogeous species
(the cotyledons do not assimilate), the cotyledons remain in the acorn and contain large
reserves of carbohydrates and nutrients. The seedling reserves are substantial and seem to
have a prolonged influence on the growth (Welander and Ottosson, 1998). Brookes et al.
(1980) investigated the oaklings’ (young
Growth stages
oaks) dependence on the cotyledons
1. First emergence of root through seed coat
during seven growth stages (see fig. 2.2).
2. First appearance of shoot above soil
The potassium and phosphorus content of
3. After the first leaves had opened but not expanded
4. At full expansion of the first leaf flush
the seedling can be equated with
5. At initial emergence of the second leaf flush
decreasing cotyledon levels up to
6. At full expansion of the second leaf flush
respectively stage five and stage five to
7. At initial emergence of third leaf flush
six. After growth stage three, the rapidly
increasing magnesium content of the Figure 2.2. Seedling growth stages (Brookes et al., 1980)
seedling could not result from the
cotyledons only. Cotyledon calcium is immobile and the seedlings need to absorb this

17

element at an early stage. The seedling dry weight (cotyledons, roots, shoot, and leaves) did
only increase at stages six and seven. At stage seven the cotyledons were hard and atrophied,
which indicates that the nutrient mobilisation has ended. After growth stage six, the dry
weight increment of Q. petraea was 414%, against 211% for Q. robur (the latter species
started with a higher dry weight). Brookes et al. (1980) concluded that only at the end of the
first year, the seedling became independent of their cotyledons.
Sonesson (1994) found that the removal of the cotyledons, just before leafing (around stage 3)
had no effect on the survival and characteristics of Q. robur seedlings on six different soil
types, which is contradictory to the results of Brookes et al. (1980). The variance in soil
characteristics had a significant effect on the seedling performance. The soil types varied
greatly and represented the whole range of soils sustaining oak stands. No cotyledon effect on
any of the six soil types is found.
The parent tree invests a lot of energy in the acorns. Bossema (1979) suggests that a
symbiosis between the jay (Garrulus glandarius) might be the reason for this investment.
However, round shaped, hard shelled (thickened coat) seeds are in general characteristic for
seeds hoarded by animals (Howe and Westley, 1986, Sonesson, 1994). The acorns are put in
the ground by jays, germinate and leaf the next spring and summer and are now easily
located, after which some of the cotyledons eaten. Some of the seedlings are damaged,
however many seedlings remain untouched (after Bossema, 1979). In forests, mostly mice are
responsible for the distribution of acorns (as shown by Den Ouden, 2000). Since mice hide
most of the acorns nearby their living places, many stored acorns are retrieved (Den Ouden,
2000).
The influence of acorns on the seedling development after leafing remains questionable.
Probably, much of the reserves are located in the plant at this stage. Vera (1999) stated that
young oaks ‘are relatively tolerant of shade for a few years because of the reserves in the
cotyledons’. However, light is of importance, already during the first growing season of the
seedlings.
Acorn size is positively correlated with seedling size after one period of growth (see Jarvis,
1963).
Rooting
‘Knowledge of the root system is important, as root size and root morphology influences
water absorption and procurement of nutrients and the root system accounts for a substantial
amount of the maintenance costs’ (Van Hees and Clerkx, 2003). Particularly important is the
relation between the fine roots and leaves, because the uptake of, respectively, nutrients and
carbon needs to be in balance. ‘Under shaded conditions the carbon uptake per unit leaf
biomass will be lower than under full light conditions’. The balance between carbon and
nutrient uptake can be maintained by increased efficiency of carbon uptake relative to nutrient
uptake, by increased partitioning to the leaves and less to the roots and by morphological
adjustments (changes in specific root length and specific leaf area, after Van Hees and Clerkx,
2003). Van Hees and Clerkx (2003) investigated the response of 3-year-old pedunculate oaks.
They concluded that the dominant acclimation of oak to shaded conditions (35%) is an
increase in the carbon uptake efficiency relative to the nutrient uptake efficiency. Changes in
biomass partitioning and morphological adjustments of leaves were of less importance.
Ziegenhagen and Kausch (1995) studied the capacity of starch storage of the roots. The
amount of starch and the storage capacity are ‘an integrator of precedent photosynthetic
activities’ and productivity. The starch is partially consumed during winter.
Starch storage capacity of the roots (rates of starch partitioning associated with root dry mass)
of young oaks is high. One-year-old, fully shaded seedlings still had a high storage capacity.
However storage capacity of starch in the uppermost 5 cm of the main root of 2 year old oaks
was found to be highest in the full light oaks. The full shaded variant had a storage capacity
far below all other variants, which indicates a small root dry mass: a poor base for further
development. Those seedlings growing under 25% shade still have a very adequate root
system. The transposed oaks (first year: 10%, second year 25%) surpassed the storage
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capacity of 10% seedlings. However, the increase in shoot dry mass is higher than in root dry
mass after transposition.
Long term shading
Jarvis (1964) found a relative light intensity at the compensation point for one-year-old Q.
petraea seedlings of 5.9% (in situations without biotic damage). This indicates that at very
low light intensities, first year Q. petraea seedlings are able to survive. For a whole growing
season the relative light intensity at which maximum growth would occur lay well above full
daylight. However, at high light intensities during August, maximum net assimilation (and
growth) is found at 56% of full daylight, according to the results of Jarvis (1964). As shown
by Ovington and MacRae (1960), seedlings in full daylight (e.g. given in a clear-cut) are
susceptible for water stress, due to increased evapo-transpiration.
According to Ziegenhagen and Kausch (1994) 25% of full daylight presents the best situation
for the development of Q. robur seedlings (greatest ULR, highest shoot length, high amount
of starch storage in roots). Lower light intensities (10%), however, are not tolerated by
oaklings. Though still able to survive and demonstrate extensive morphogenic responses,
these responses cannot compensate the poor physiological efficiency (Ziegenhagen and
Kausch, 1995).
It seems that one and two-year-old seedlings are as adapted to shaded environments as shade
tolerating species like beech (see Welander and Ottosson, 1998, Von Lüpke, 1998, Hees,
1997). To determine the ability of Q. petraea and Q. robur to survive and grow in heavily
shaded environments, some longer-term researches will be discussed.
Shaw (1974) published the results from a planting experiment of Q. petraea seedlings at five
different light intensities covering a period of 8 years in the Coed Cymerau oak woodland
(see table 2.2). The survival of seedlings in the more shaded plots is much lower than in the
less shaded plots, in this eight-year experiment. Furthermore shading negatively influences
the height growth as well as the seedling weight (as measured in 1969).
Table 2.2. ‘Coed Cymerau seedling planting experiments. Results 1965-1972’ H: height, S: survival (Shaw, 1974).

Mean
light
85%
43%
31%
19%
15%

H
S
H
S
H
S
H
S
H
S

1965

1966

1967

1968

1969

1970

1971

1972

6.28
100
7.09
100
6.79
100
7.67
100
6.91
100

10.75
94
10.15
98
9.63
92
10.30
86
8.83
100

14.37
92
12.33
96
11.50
84
12.28
86
11.12
86

16.69
82
13.90
86
13.55
76
12.75
78
12.20
78

20.39
74
15.71
68
18.09
32
15.95
52
14.20
48

23.79
72
17.12
56
21.37
24
16.38
48
15.40
40

32.95
72
20.44
42
22.46
18
18.19
32
16.46
18

35.35
72
20.25
42
25.95
16
18.39
32
17.71
18

Max. ht
1972 (cm)

Mean wt
1969 (g)

150.0

7.04

32.0

1.28

41.0

1.02

31.0

1.32

22.5

0.97

Twenty-five years are covered by the investigations done in Tomies wood (Killarney, SW
Ireland). Various effects of treatments on the long term survival and growth of Q. petraea
seedlings have been studied (see Kelly, 2002). The oak seedling survival in relation to canopy
cover are shown in table 2.3 (after Kelly, 2002).
Table 2.3. Seedling survival in clearing and under canopy after 25 years in Killarney NP (Kelly, 2002).
1
2
3
4
5
8
10
12
14
16
18
20
22
25
Nplots
Canopy
250 192 126
74
17
13
10
6
1
1
0
0
0
50
Clearing 194 173 148 133 96
78
73
71
69
63
53
50
46
37
48

After 25 years not one seedling in the 50 plots under canopy survived, whereas still almost
20% of the seedlings in the clearing survived. Though, after 25 years ‘the birch canopy was
about four times the mean height of the oaks and all oak individuals were clearly suppressed
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to some degree’ (Kelly, 2002). The canopy beneath which the research was conducted was
very dense and only 3-4% PAR penetrated to 1 meter above the woodland soil.
Oosterbaan and Hees (1989) studied the regeneration, survival and length of Q. petraea
seedlings after different thinning activities in beech-oak woodland (Fago-Quercetum type) on
a ‘holt’ podzol soil. In the less shaded plots (heavily thinned: 40-50% crown projection) the
rate of survival and the length of the seedlings is higher, after three years (see table 2.4).
Table 2.4a,b. Quercus petraea seedling survival (a) and height growth (b) beneath different canopies (Oosterbaan
and Hees, 1989). Crown: Crown projection.
Crown
Average number of seedlings per m2
6/84
9/84
9/85
6/85
6/86
9/86
6/87
9/87
% alive
No treatment
100%
1.0
0.6
0.4
0.4
0.2
0.1
0.1
0.1
15
Weakly thinned
70%
1.2
1.1
0.9
0.8
0.6
0.6
0.5
0.5
42
Heavily thinned 40-50%
1.9
1.8
1.4
1.2
1.1
1.1
1.0
1.0
53

No treatment
Weakly thinned
Heavily thinned

Average length seedlings (cm)
10.9
22.1
33.0
10.1
17.0
29.0
13.4
33.8
62.0

Quercus petraea reacted almost in the same way as Fagus sylvatica on these thinnings,
whereas this species was expected to be more dependent on light (Oosterbaan and Hees,
1989). It should be mentioned that at the start of the experiment one-year-old oak
regeneration was already present.
Based on forestry experiments in Germany, it could be concluded that after the first one or
two years the canopy should be drastically opened to a 30-40% crown projection area
(corresponding to 60-30% of full daylight). Thus the sapling and later stages need to be
provided with more light than the seedling stage. Regeneration of both oak species
successfully takes place as long as light levels do not drop below 15-20% in the first few
years (4-6). Survival, but with marginal growth, still takes place at as little as 10% of full
daylight (after Von Lüpke, 1998)
.
As in the Netherlands, large stands of Pine (mostly Pinus sylvestris) are found in East
Germany (see Mosandl and Kleinert, 1998). In relatively dense pine stands, oak can establish
whereas pine regeneration needs to be provided with more light. The oak is capable of faster
growth under this canopy shelter than pine. However oak is more susceptible for browsing
damage. The jay is mentioned a sufficient distributor of acorns, even in these thinly oak
populated regions (after Mosandl and Kleinert, 1998).
It is stressed that the regeneration of oak is not controlled by one key factor (light is often
assumed to be that key factor), but by the interaction of many environmental factors (see Löf
et al., 1998). Light and soil-water interactions, competition for nutrients and (a)biotic damage
all determine whether regeneration is successful (see Löf et al., 1998, Hees, 1997, Collet et
al., 1998, Kelly, 2002, Shaw, 1974).
Summarised:
One- and two-year-old oak seedlings are adapted to shaded environments, which is
indicated by a high efficiency of the leaves in 25% of daylight.
Whether cotyledons enable oaklings to survive in shaded environments after the first leaf
•
flush is questionable.
After one or two years light becomes determining for the survival and growth of
•
seedlings. At least 30% of daylight is necessary for the survival of seedlings in the long
term.
Remarkably little difference is found between Q. petraea and Q. robur in the first few
•
years
•
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4.5 Quercus (co-) dominated forest communities on the Dutch sand and loess soils
Two Quercus (co-) dominated vegetation classes are distinguished (after Hommel et al., 1999
and Stortelder et al. (1999):
1. Class of oak and beech forests on nutrient poor soils: Quercetea robori-petraeae
2. Class of oak and beech forests on nutrient rich soils: Querco-Fagetea.
Associations with Quercus as an important component are summarised in table 2.5.
The Quercetea robori-petraeae is often suggested to be, in potential, the most abundant forest
class in the Eastern, Central and Southern Netherlands, whereas the majority of the
woodlands in these regions are coniferous plantations, nowadays (Hommel et al., 1999).
However, changing interactions between human and environment (and the environment by
itself) makes the concept of potential (natural) vegetation unreliable.
The Quercetea robori-petraeae forests are, in comparison with the Querco-Fagetea forests,
poor in species and structure. The Quercetea robori-petraeae comprises the communities of
acid, nutrient poor, dry to moist soils. These forests are characterised by nutrient shortage and
ectorganic humus profiles. An ectorganic humus profile is characterised by accumulation of
litter and humus, with low mixture of organic materials with the mineral subsoil. The BetuloQuercetum roboris is situated on the ‘poorest’ sand soils: these soils are non-calcareous, poor
in loam and often of eaolian origin. These soils are often heavily podzolised, if matured. The
Fago-Quercetum woodlands are situated on loamier soils. The last decades, the role of Fagus
sylvatica in these woodlands is increasing. Though Quercus petraea is an indicative species
for all Quercion woodlands, it is only sparsely present. This species is at the most present in
the Luzulo-Fagion (derived from Hommel et al., 1999).
Table 2.5. The major Dutch associations with Quercus (Stortelder et al., 1999).

Class
1

Order
Quercion

Luzulo-Fagion
2

Carpinion betuli

Association

Soil
Non calcareous, eaolian or glacial
Betulo-Quercetum roboris
sand soils
Loamy, non calcareous sand soils
Fago-Quercetum
and sandy loess loam soils
Luzulo luzuloides-Fagetum Flint stone eluvium
Soils with an aquitard of loam or
Stellario-Carpinetum
clay, with or without a loam deck

The Stellario-Carpinetum is situated on meso- to eutrofic soils, with an aquitard (or semipermeable horizon) of loam or clay. These soils are characterised by water stagnation during
wet periods (which is not tolerated by Fagus) and desiccation during dry periods (after
Stortelder et al., 1999). The woodlands are rich in structure of both the herbal and shrub
layers. Ancient woodland species are often abundant in these woodland types (see Hommel et
al., 2001, 2002). Quercus robur is co-dominant in these forests (together with Fraxinus
excelsior), whereas Quercus petraea is absent to rare (see Stortelder et al., 1999).

21

22

3 Holocene history of the oak in The Netherlands.
3.1 Introduction
Many environmental factors (including human) and their interactions influence oak. Figure
3.0 summarises the major variables that influenced oak throughout history. The competitive
strength of oak is determined by the environmental conditions (soil, water, climate), their
interactions and human intervention in (forest) ecosystems. Human may influence oak
directly and through intervention in environmental conditions (before the Industrial
Revolution mainly soil and hydrology) or the existing vegetation (other tree species). The
competitive position of oak changes if other tree species are promoted or oppressed. Changes
in soil water or climate may influence oak in a direct way or indirectly through changes in the
competitive strength of other tree species. Finally oak can change soil conditions, which
might change the competitive strength of other tree species (mainly regeneration
possibilities).

Soil

Other (tree)
species

Climate

Human

Oak

Figure 3.0. Simplified causal
relations centred on the presence,
dominance and growth of oak

Hydrology

This chapter describes the history of the oak in The Netherlands during the Holocene. The
(changes in) relations between human, oak and other tree species are the scope of this chapter,
whereas the (changes in) relations between environmental conditions and oak are the scope of
chapter 4.
The objective of these chapters is to test the hypothesis that the (pre-) historical abundance
and distribution of the oak is determined by human intervention. The alternative would be that
the oak’s pre- and historical abundance originates from (other) natural processes without
human intervention.
No distinction is made between Quercus robur and Quercus petraea, unless explicitly
mentioned. So far, it is impossible to distinguish between pollen of both species.
Table 3.1 gives an overview of the periods distinguished within the Holocene.
Table 3.1. Holocene periods. Source: Van der Es et al., 1988.

AD
700BC-present
3000-700BC
7000-3000BC
8000-7000BC
9000-8000BC

BP (cal. C14)
2600-present
4400-2600
8000-4400
9000-8000
10000-9000

Period
Subatlantic
Subboreal
Atlantic
Boreal
Preboreal
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3.2 Establishment of deciduous forests in The Netherlands
During the last full glacial (20000-13000 BP) the vegetation in The Netherlands was Tundralike (Bos, 2001). Ice sheets covered North Europe and deciduous tree species (like Quercus)
were confined to refugia in Southern Europe. The major temperate forest taxa were
supposedly restricted to the humid altitudinal forest zones of the South European Mountains
(see Huntley, 1988).
Abrupt climatic amelioration occurred around 14000 BP, which resulted in rapid, but
variable, retreats of the Scandinavian ice. The climate became more favourable for tree
growth, initiating northward migration of trees from their refugia in southern Europe (Birks,
1986). Periods with more glacial characters (the two Dryas periods) temporarily halted these
migrations (Huntley, 1988). Around 10000 BP the climate warmed up again resulting in rapid
spread and establishment of trees throughout Europe. The Betula expansion (that started
forest establishment) was rapidly taken over by the first forests of Pinus (see Behre, 1996,
Huntley, 1988, Verbruggen et al., 1996). At around 9000 BP the last so called mesocratic
phase starts, which extended until 5000 BP. In north-west Europe it is characterised by
migration, expansion and dominance of temperate deciduous trees and by development of
fertile brown earth forests soils (Birks, 1986). Between 9500 and 9000 BP, Corylus forests
mostly replaced the pine forests (Behre et al., 1996, Birks, 1986, Huntley, 1988, Verbruggen
et al., 1996, Bos, 2001).
Quercus (robur and petraea) migrated progressively throughout the early Holocene in form of
a mass extension from south to north (Gliemeroth, 1995), which resulted in steadily
increasing pollen values in northern Europe (Huntley, 1988). The spread of Quercus took
place in two steps. In the late glacial interstadial (13000-11000BP) Quercus expanded to the
central European highlands. Than, with the warming up of the climate (after the last stadial)
Quercus rapidly spread to the north-west European lowlands (Brewer et al., 2002)
About 8000 years ago Quercus robur and petraea established themselves in The Netherlands.
Two different DNA types are found: one originating from Spain and one originating from
southern Italy. The populations in the western part of The Netherlands migrated from Spain,
the populations in the eastern part from southern Italy (see Van Dam and De Vries, 1998)).
Tilia arrived around 7500BP in The Netherlands (Huntley, 1988).
Summarised:
After the Younger Dryas, trees (Betula, Pinus) invaded the late glacial park-tundra.
•
During the Boreal, Corylus forests established..
Quercus re-colonised The Netherlands about 8000 years ago
•
3.3 Pollen analysis
‘The study of woodland history by conventional pollen analysis suffers from two
disadvantages’, according to Bradshaw (1981):
• ‘The pollen grains are derived from an unknown source area’
• ‘Changes to the pollen spectrum are not immediately related to changes in forest
composition’
Tree pollen spectra from open areas such as lakes or bogs reflect the vegetation of large areas.
Small-scale studies in e.g. depressions (basins) in a closed forest reflect the local vegetation
and thus may overcome the first problem and give more insight into forest composition (see
a/o Caparie and Groenman van Waateringe, 1980, Bradshaw 1981 and Odgaard and
Rostholm, 1987).
‘There is a need to correct for differences in pollen productivity’ (Prentice, 1986), which
enables an estimation about the abundance of different species in forests, during a certain
period. Uncorrected pollen data give an overestimation of species with high pollen production
and light pollen grains, whereas species with low pollen productivity and lumpy pollen grains
(e.g. insect pollinated species) are underestimated. Anderson (1970) developed a very useful
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method, which corrects the pollen data with factors derived from present day pollen
production of the forest species. Table 3.2 summarises the correction factors derived from his
research in Denmark.
Table 3.2. Correction factors for pollen productivity after Andersen (1970).

Tree species
Pinus, Betula, Quercus, Alnus
Carpinus
Ulmus, Picea
Fagus, Abies
Tilia, Fraxinus, Acer

Correction factor
1:4
×1
1:3
×11/3
1:2
×2
1×1
×4
1×2
×8

With the interpretation of pollen diagrams in (cover) sandsoils one has to take the effects of
selective corrosion into account. Tilia pollen is often somewhat over-represented due to a
lower sensitiveness for corrosion whereas Quercus pollen is often somewhat underrepresented
due to a higher sensitiveness for corrosion (Spek et al., 1997). However, these problems are
likely to arise at a local scale only. The regional pollen diagrams, as derived form lakes and
larger areas of raised bog, often show an under representation due to the entomophilous
character of Tilia.
Unfortunately, in sandy soils above groundwater level, organic material decomposes fast
which results in few pollen analytical results for these areas in The Netherlands (Zeiler and
Kooistra, 1998).
Summarised:
• (Regional) pollen diagrams need to be corrected for differences in pollen productivity
between tree species.
3.4 Atlantic forests: Tilia or Quercus dominated?
‘Pollen spectra from the Atlantic period show higher values of Tilia (and Ulmus) than any
modern analogues’ (Huntley, 1988). During the middle and late Atlantic and the start of the
Subboreal, Tilia has an optimum as shown in many regional and local pollen diagrams (see
Greig, 1982). The distribution and dominance of this species will be discussed in this
paragraph. A dominant occurrence of Tilia in the Atlantic forests might have suppressed the
occurrence and distribution of Quercus. Since Tilia is a shade tolerating species it has a
competitive lead to Quercus.
The vegetational composition, with special emphasis on these two species, will be treated
with pollen analytical results from the following Northwest European countries: England,
Denmark, Germany, Belgium and The Netherlands.
England
Rackham (1980) suggests that Tilia was much more frequent and Quercus was much scarcer
in England than many pollen diagrams indicate. In Southeast England he found lime to be the
commonest tree at 22 of the 27 sites researched. Here, taking pollen productivity into account,
oak has never been the commonest tree, but often the second commonest. Bradshaw (1981)
and Birks (1989), using corrected pollen values, also suggest that Tilia (cordata) was a major
component of many of the forests of Southeast England around 5000 BP.
Quercus was probably the commonest tree in North England, even after correction for this
species high pollen productivity (Greig, 1996). In the lowland zone of Britain, oaks were less
abundant (than in the higher zones); they may have been scattered through the forest as a
whole or concentrated on particular soils1 (Rackham, 1980).
Greig (1982) has summarised those sites, which are known to be dominated by Tilia, during
the Atlantic. Three major areas he distinguished as Tilia-dominated: the Midlands, Central
1

Example given: sandsoils that have a low base saturation and are poor in nutrients.
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and eastern England around Lincolnshire and the southeast of England (generally chalky,
loamy or clayey soils, see Hodge et al., 1984, Jarvis et al., 1984, Ragg et al., 1984).
Denmark
Iversen (1964) distinguished two major vegetation types concerning the Atlantic/early
Subboreal Draved forest area: one on poor sandy brown earth that is dominated by Tilia and
Corylus and one situated on podzolised sand soils in which Quercus and Betula were
dominating. In the latter forests some Tilia and Corylus could be found as well.
Many other authors have shown the importance of Tilia in the Atlantic forests of Jutland in
Denmark (a/o Aaby 1988, Andersen, 1970, 1988a, 1992, Odgaard, 1994). Some of the Tiliadominated forests were rather open with some Calluna and grasses at the end of the
Atlantic/start Subboreal. On the poorer and wetter eolian sandsoils Alnus and Betula were
dominating, with both Quercus and Tilia subordinate (after Odgaard, 1988).
Around Holmegaard (Zealand, Denmark) the landscape was densely forested and Tilia was
the dominant tree on the well-drained brown earth soils. Quercus, Ulmus, Fraxinus and
Corylus were probably growing mainly on damp soils according to Aaby (1988). In the same
part of Denmark, Andersen (1988b) investigated a small hollow. Here, during the Atlantic,
Tilia was again the dominant tree species. Quercus expanded in the middle Atlantic, but
remained a subordinate factor (Andersen, 1988b).
Germany
In the coversand landscape around Flögeln, lower Saxony, Behre and Kucan (1994) have
done extensive pollen research in small mires. Since these mires were located at short
distances from one another, reliable comments on forest (canopy) composition could be made.
The Atlantic forest is often perceived as a Quercetum-mixtum forest, with Quercus, Tilia,
Ulmus and later Fraxinus mixed in the canopy. However, in the coversand landscape of
Flögeln it is found that the forest stands were quite homogeneous in tree species, but differed
greatly at short distances. In the Immenmoor pollen diagram (see figure 3.1) a Tilia
percentage of 47.42 (without correction for pollen productivity) is found, which indicates a
total dominance of this species. The values found reflect the forest development in the direct
neighbourhood of the mire. Only 300m to the south the Swienkuhle pollen diagram shows
Tilia values, which stay below 8%. In this diagram Quercus is the dominant species. A
difference in soil type, between a clayloam soil (Immenmoor) and a coversand soil
(Swienkuhle), which is poorer in loam, is probably the determining factor (After Behre and
Kucan, 1994).
Quercus dominates in most of the pollen diagrams of the Flögeln area. However if correction
factors for pollen productivity are used, than the dominance of Quercus is not that strong and
Tilia will have been a dominant species on the drier mineral soils (Behre and Kucan, 1994).
Kuhry (1985) examined a section of the drowned coversand ridge in the Amtsven (Northwest
Germany) representing the closing phase of the Atlantic and the start of the Subboreal.
Originally the area was covered with closed forest, but the development of the raised bog
system in the lower part had already drowned the lower land. On the ridge a closed forest still
survived. This forest was mainly composed of Quercus and Tilia. The pollen diagram has
high (uncorrected) values of Quercus. This forest can, according to Kuhry, best be viewed as
a retrogressive vegetational development. The soil had already developed to a more podzolic
profile. It seems plausible that before the development of the raised bog system the influence
of Tilia was greater.
Ulmus is shown to be especially dominant in valleys and lower slopes in Northwest Germany
(see Behre, 1970)
The (regional) vegetation in Lower Saxony was a mixed deciduous forest with Quercus, Tilia,
Alnus and Ulmus. Tilia shows moderate to high values in the pollen diagrams concerning this
period (Behre et al., 1996).

2

This high percentage is not the result of a low corrosion sensitiveness
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Figure 3.1. Pollen (percentage) diagram of Immenmoor. Note the dominance of Tilia in the lowest
zone (Atlantic). Baumpollen: tree pollen, Bäume: trees. Sträucher: shrubs.
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The Netherlands and Belgium: sandy soils
Research done by Spek et al. (1997) on drowned coversand ridges in the southern part of the
Flevoland polder showed an abundant occurrence of Tilia, during the Atlantic (see fig. 3.2).
Remarkable is the occurrence of Tilia not only on loess, clay and loamy sand soils but as well
on these coversands, which have a moderate to low loam content. Tilia hardly occurs on poor
substrates nowadays (Weeda et al., 1985). Spek et al (1997) assumed that the coversand soils
during the Atlantic were moderately nutrient rich. Furthermore relatively much Calcium may
have been present, even on soils poor in loam (Spek et al., 1999, see chapter 4).
Initially, the forest vegetation on these coversand ridges was dominated by Tilia (40% of tree
pollen) and Quercus (10% of tree pollen). However they argue that due to higher corrosion
resistance of Tilia, the composition of the forest might have been different. For this reason
they speak about a Lime-oakwood. Here, during the course of the Atlantic period, Quercus
became more dominant at the expense of Tilia (see fig. 3.2). According to Spek et al. (1997,
1999) a change in environment (notably soil and groundwater level) occurred. The soil
degraded to relative nutrient poorer, more acid circumstances, better taken by Quercus than
Tilia. Furthermore the canopy structure of the forest changed into a more open one.

Figure 3.2. Pollen (percentage) diagram Hoge Vaart (selected curves).∑AP: sum of arboreal pollen
∑NAP: sum non-arboreal pollen (total of both sums is 100%). Numbers at the left indicate the depth –
New Amsterdam Watermark. Bos drogere gronden: forest drier soils, nattere gronden: wetter soils,
heide en hoogeveen: heather and raised bog.

A varying abundance of Tilia is found between 7500 and 4000BP in sandy Flanders. In this
area a Tilia dominance remains questionable (Verbruggen et al., 1996) On the drier parts they
found a ‘Quercetum-mixtum’ forest, with Quercus as dominant species. In Kempenland Tilia
was the dominant species in the canopy, as shown in the pollen diagrams published by
Munaut (1967).
The (regional) pollen diagrams of the Peel raised bog area show a dominance of Tilia during
the Atlantic period. One profile, situated on a relatively wet slope, shows a Tilia dominance
starting in the early Atlantic. At the end of the Atlantic period Quercus became dominant,
whereupon the development of a raised bog ecosystem drowned the forests at the start of the
Subboreal (Havinga, 1962).
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The (Atlantic) forested parts of Drenthe (Northern Netherlands) can roughly be divided into
two landscapes: the boulderclays (loamy) and the coversands, the first more fertile. The
boulderclays contained oak, lime, elm, holly and hazel, whereas on the coversands a Quercus
dominated forest was present, with probably some pine, lime and hazel (Spek, 1998).
Bottema (1984) assumes that Tilia and Ulmus dominated the boulderclays, whereas Quercus
dominated the coversands, on the Drenth plateau. Nearby Emmen, for instance, parts of the
boulderclay deposits were dominated by Ulmus and parts by Tilia, whereas the coversand
soils were dominated by Quercus (after Casparie, 1992).
In various barrow samples from Drenthe high percentages of Tilia pollen have been found
(Van Zeist, 1967). He concludes that lime was an important part in the local or regional
vegetation. However, it should be mentioned that the highest values found were situated in
profiles with an extremely poor preservation of pollen (and Tilia is rather corrosion resistant).
Nearby Kootwijk (at the Veluwe area, Pleistocene sands, middle of The Netherlands) relative
high percentages of Tilia in the spectra dating from the Atlantic period are found, which
indicates (co) dominance of Tilia (see Van Geel and Groenman van Waateringe, 1987). Other
pollen diagrams regarding the Veluwe area show high values of Tilia as well (Uddelermeer II
and Epe III, see Havinga, 1962).
Loess region
Van Zeist (1958/1959) investigated a pollen diagram concerning a river valley in the
neighbourhood of Sittard. In the pollen diagram, Tilia is clearly the most abundant species
before settlement. However, Van Zeist assumed that Quercus was without doubt the dominant
species throughout the Atlantic forests in the loess region, which demonstrates the than
prevailing prejudice about oak dominated Atlantic forests. Nowadays it is accepted that in the
Dutch, Belgian and German loess regions, Tilia was the dominant tree species during the
Atlantic (a/o Verbruggen et al., 1996, Bakels, 1992, Janssen, 1960, Lüning and Kalis, 1988,
Havinga, 1962).
Pollen diagrams concerning a valley in the Belgium loess region show that Tilia forest must
have covered and dominated the soils of the higher grounds (see Bakels, 1992). Quercus did
not thrive in these forests and played a minor role. Ulmus forests favoured the valley slopes
and floors, as long as these soils were not too marshy (See Hofstede et al., 1989, Weeda et al.,
1985).
The loess area of Rheinland in the period before 6400BP was characterised by Tilia on the
higher, better-drained soils, Ulmus at the lower slopes on wetter, less drained soils and
Corylus avellana in the shrublayer. Quercus (and later) Fraxinus will have been mixed
throughout these forests, but as far as evidence goes their role was very small. In the
Aldenhovener Platte, for instance, almost pure stands of Tilia are found, with as little as 6%
coverage of other tree species (after Lüning and Kalis, 1988). In the same article they mention
steep slopes in a loess area to be an environment where Quercus could thrive. Steep slopes
often suppress the development of a closed canopy and thus the light environment is more
favourable for the (co) existence of Quercus. Especially on slopes having a southern expect,
the light demanding Quercus could probably thrive.
Atlantic forests open or closed?
Vera (1997, 2000) states that the ‘natural [Atlantic, before start agriculture] vegetation is a
mosaic of grasslands, scrubs, trees and groves in which large plant-eating mammals play an
essential role in the process of regeneration of trees. The occurrence of oak and hazel
throughout pollendiagrams is not consistent with the concept of closed Atlantic forests
according to this author. However, many authors have shown that his hypothesis about parklike landscapes cannot hold true. Some palaeo-ecological arguments are summarised here:
During the Atlantic grasses and ruderals mostly lack in pollendiagrams, whereas before
•
(during the Boreal) and after (Subboreal onwards, human cultivation of land) they are
well represented (see Behre and Kucan, 1994, Van den Bremt et al., 1998, Bradshaw,
2002).
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The Prunetalia-spinosa communities (the edge species that are important in park-like
landscapes) are absent during the Atlantic, whereas from the Neolithic onwards they are
found in pollen diagrams (see Van Vuure, 2003).
‘Small forests hollows are more sensitive to open forest conditions than are traditional
•
sites for pollen analysis [mires, raised bogs, lakes]’ (Bradshaw, 2002). However, ‘their
record confirm the closed forest hypothesis’ (see e.g. Andersen, 1988b, Bradshaw, 1981).
Tilia was a dominant species in the Atlantic forest. An increase in the amount of Tilia
•
often coincides with a decrease of herbal species (grasses, ruderals, Aaby, 1986, Behre
and Kucan, 1994).
Dung beetles were present before the Atlantic and after (with the start of agriculture), but
•
not during the Atlantic (see Osborne, 1978, Brussaard, 1985, Van Vuure, 2003, Zeiler and
Kooistra, 1998), which strongly indicates a lack of large herbivores. Beetle species
associated with dead wood are characteristic for the Atlantic (see Van Vuure, 2003).
Aurochs (Bos primigenius or taurus) preferred Carex swamps and swamp forests (in river
•
valleys) on mineral soil (Van Vuure, 2003).
Most likely, the Atlantic landscape of the Dutch Pleistocene sandy soils was densely forested.
However, forest ecosystems are dynamic. Gaps, which originate example given from
windthrow, waterlogging, fire, disease or old age of trees, are numerous in natural forests.
Furthermore, the composition of forest stands differed per soiltype. On the nutrient poorer dry
soils a more open forest existed (see Odgaard, 1994).
•

Summary
The general view of the Atlantic forests compromised a dominance of Quercus on the Dutch
sandsoils. However many studies in Northwest Europe have shown that even on nowadays
podzolised sandsoils Tilia was an abundant species and often dominating on the drier
somewhat nutrient richer soils (see for an overall summery Greig, 1982). The composition of
the canopy in these forests is still uncertain, but the investigation done in Flögeln shows a
general soil-type based trend, with forest stands that are quite homogeneous in canopy
species. Tilia was probably more dominant on soils with a somewhat higher loam content or
nutrient richness (for instance boulderclays), whereas Quercus was probably dominant on the
nutrient poorer or wetter soils. However, as shown by Spek et al. (1997), even on coversand
ridges Tilia could be the dominant species. Other local pollen diagrams show more of a
mixing of these tree species. This might, for instance, happen in places where Tilia was
hampered by environmental conditions or in a changing environment (due to human
intervention) at the end of the Atlantic.
The great importance, in the many regional pollen diagrams, of Quercus is often due to lack
of long distance transportation of Tilia pollen. After correction for pollen productivity and
dispersal, Quercus is not that dominant any more and Tilia becomes more important. Quercus
and Tilia were the major canopy species in the untouched Atlantic forests. The pollen
diagrams investigated and literature referred to, emphasise the low percentage of non-arboreal
pollen in the diagrams concerning the Atlantic period (see especially Behre and Kucan, 1994).
In the forests only geophytical species are found and except for Corylus the amount of shrubs
in the forested land was generally low. Which shows that the Atlantic forests were mostly
closed forest systems. At the end of the Atlantic period the percentage of antropogenic
indicators increases in the pollen diagrams.
Summarised:
Tilia was a dominant species in the Atlantic forests, even on nowadays-nutrient poor soils
(like podzolised coversands).
Dominance of Tilia or Quercus was probably soil type related. Soils with higher loam
•
content, nutrient richness or base saturation were dominated by Tilia, whereas Quercus
was confined to nutrient poorer less loamy or wet soils.
The higher Dutch sand and loess soils were densely covered with closed forests during
•
the Atlantic.
•
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3.5 The impact of Mesolithic cultures on the Dutch landscape.
Introduction
It is often very difficult to distinguish between human-induced and ‘natural’ changes and
developments in the vegetation composition. The weaker the human influence, the more
difficult a distinction is made and the more difficult a main cause is found (as stressed by
Behre, 1988). The Mesolithic culture (9000-4500 BC) is based upon a hunter-gatherer system.
Since permanent settlement not yet existed, it is plausible to take the human influence for
small, at least that is the common assumption. In this paragraph I will discuss the possible
role of human in the Mesolithic landscape, with special regard to a possible positive influence
of the human population on the occurrence of Quercus. Note that the Mesolithic period ends
at different times at different places. Both Mesolithic and Neolithic cultures (see for a
description § 3.7) could be present in the same period (see van Es et al., 1988). The transition
of the Mesolithic period to the Neolithic will be discussed in the next paragraph.
Pollen analytical investigations have shown that woodland disturbances were very local
during the Mesolithic. At local scale increase in ruderals has been shown (Behre, 1988). Spek
et al. (1997) questioned the general trend of little human disturbances for specific landscapes
in The Netherlands. Their research done on a drowned coversand ridge showed that during
the Mesolithic period the human activity up and around this ridge (with the resulting
destruction) were higher than on landscape scale. The hunters using this place will have
‘disturbed’ the lime-oak woods in the direct periphery of the camp. The manner and degree of
disturbance are unknown. On the higher Dutch Pleistocene sandsoils evidence of human
occupation is found, but degrees of disturbance are hard to tell (see Van Es et al., 1988).
Fire as a management tool?
Mason (2000) has suggested fire to play a role in the mixed deciduous forests of Europe. She
summarised the reasons why Mesolithic hunter-gatherers would burn forests as follows:
•
•
•
•
•

To improve the productivity and nutritional quality of forage for animals and thus to increase the populations.
To attract animals to a known and restricted area at a given time by the enhancement of vegetational
regeneration.
To improve visibility of animals and reduce cover.
To facilitate the mobility of human populations.
To improve or synchronise the yields of human plant food resources.

Mason further argues that the oak might react positively to fire because of the oak’s ability of
sprouting, intolerance of shade (fire creating openings in the canopy) and the relative thick
bark. However direct evidence that burning would favour acorn production she was unable to
find. She suggested that instead of searching for landscape burning events, a sustained
presence of pollen of taxa (for instance Quercus) together with a continuous but low level of
charcoal influx should be searched for.
Much research has been done on the relation between Mesolithic people, fire and the
environment in the North York Moors and especially the North Gill site (see Innes and
Simmons, 2000, Simmons and Innes, 1996a, b, c and Simmons, 1969). Charcoal analyses
(both micro and macro) and pollen analyses almost always show a drastic decrease in
Quercus (see Innes and Simmons, 2000, Simmons and Innes, 1996a, b). Thus, Quercus
doesn’t seem to be favoured by fire disturbances and activity. However, after a regeneration
period the species was able to establish itself mostly to pre-disturbance values. The same
authors argue that fire was a very common Mid-Holocene phenomenon (in the North York
Moors). Furthermore, the found evidence points to a great complexity of the fire activities (as
shown by 1mm sampling of pollen and micro charcoal). They argued that natural fire causes
like lightning are unlikely due to the high intensity of fires in this landscape3. Furthermore a
domestic source, while the archaeological evidence indicates the existence of seasonal camps
only, seem unlikely as well. Often charcoal evidence was found after (and not during) the first
3

In temperate woodlands a natural lightning intensity of once every 6000 years is estimated and than
only on a very small (local) scale (see Chandler et al., 1983).
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disturbance record. Innes and Simmons (2000) mentioned the following: ‘It may be that in
many cases the use of fire was to maintain previously created [by girdling or stripping] or
natural clearings in an open condition by keeping down taxa, which are unattractive to game
but which can dominate and suppress other seral plants’. In the North York pollen diagrams
it is often found that Graminae once established remain important, even after forest
regeneration (see Simmons and Innes, 1996a), which indicates that open areas remained.
Brown (1997) proposes a model in which the Mesolithic people reacted opportunistic at
naturally created clearings, making regeneration impossible by forest farming and ‘woodland
management’ (e.g. fire). In that way, humans may have been instrumental in the development
of the postglacial (from the Boreal onwards) forest development (according to Moore, 2000).
Natural disturbances could create a mosaic (at local scale). These disturbances might be
summarised in the categories of wind, fire, water and diseases. In this model the use of fire is
seen as one of the activities in a complex opportunistic exploitation system. Furthermore
Brown (1997) argued that purposive deforestation is socio-cultural conditioned and changed
at different times in different areas. The burning of woodland by human would have been
rather small scale and cyclic in spatially separate areas (see Moore, 2000).
Acorns as food?
When looking at post-agricultural influences, most research is done on the appearance of
nitrophillious pollen in the diagrams, indicating clearances (see Vera, 2000, Behre, 1988) or
on the appearance of plant taxa with a post agricultural role that is, analogues with cereal
crops (Mason, 2000). But the oak could be a valuable staple food during winter, with a high
nutritious value and excellent storability properties. De Hingh (2000) suggested that acorns
were important as a risk buffer, due to this excellent storability. In addition to starch, acorns
contain quite some fat and are eatable after boiling and roasting (see for a lengthier
description Mason, 1995 and Vencl, 1996). Van Zeist (1970) mentioned it to be likely that
acorns were collected for human nutrition.
At the (Mesolithic) Tybrind vig site, Kubiak-Martens (1999) found the remains of acorn
parenchyma and a few acorn epidermis fragments. The presence of these charred fragments
provided evidence for acorn use as food. She found that the acorns were probably shelled
before fire contact. Only incidental charred epidermis were found, whereas waterlogged (not
charred) acorn epidermis is numerous at the site (probably thrown away after shelling the
acorns). The finding of mainly charred parenchyma fragments suggests that more than a
‘chance occurrence’ in these fireplaces should be expected. However in total only six, charred
parenchyma fragments were found.
Remains of acorns are found in charcoal pits at Neolithic excavation sites in the (upland)
Netherlands (Schipborg, Ommen and Eesterveld: Van Zeist, 1970). Relatively large quantities
of acorns were found at the Geldrop site (Bronze Age, de Hingh, 2000). Other (Neolithic)
acorn finds are reported for the Hazedonk and Hekelingen excavations in wetlands areas (see
Bakels, 1991) For Hekelingen the same author mentioned the possibility that acorns were
imported, because the surrounding landscape would not provide an adequate habitat. No
Mesolithic acorn finds are reported (Bakels, 1991). Vencl (1996) summarised the European
sites with acorn findings.
It is evident that in the prehistoric food gathering ‘was an indispensable part of the economic
activities’ (Vencl, 1996). If acorns were more than supplementary food in western Europe is
unknown.
Final remarks
As I started so I end: the impact of Mesolithic hunter-gatherers on the forests is mostly
unknown. Direct evidence for a large-scale impact of Mesolithic man on forest (species) is
lacking. That Mesolithic man reacted in an opportunistic way towards their environment may
seem logical. What this behaviour would have been is yet to see. Small scale disturbances
surrounding human dwellings (thus on a local scale) are found.
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Quercus acorns have probably been part of the diet, however no evidence is found for
(intentional) favouring of the species. Since Quercus was an important part of the Atlantic
vegetation, the gatherers probably had easy access to the acorns in most cases, but had to
compete with mice, boar etc.
Summarised:
The impact of Mesolithic man on the landscape was probably small, but is largely
unknown.

•

3.6 Transition Atlantic and Subboreal: the elm decline.
At the transition of the Atlantic and Subboreal (+/- 4000B.C or between 5200 and 5000BP,
Behre, 1988) in most of the pollen diagrams from Northwest Europe an extreme decline in
Ulmus pollen is shown. In the North German flatland as well as in the bordering areas to the
west and north this decline starts around the same time (Behre and Kucan, 1994). ‘The
presence of the elm bark beetle (Scolytus laevis) contemporary with the elm decline indicates
that the carrier of the fungus pathogen, a prerequisite for a successful spread of the disease,
was indeed present’ (Rasmussen and Christensen, 1999). Furthermore they found a distinct
barrier zone in a piece of elm wood at the same time as the elm decline. Such a zone is a
characteristic defence mechanism. These few findings of the elm beetle and one piece of
wood are not enough evidence in itself, but they are a strong indication. Disease is regarded as
the reason of the Elm decline, due to the synchronicity of the symptom and these findings of
elm bark beetles (see Behre and Kucan, 1994, Rackham, 1980).
Locally, human influence might have accelerated the Ulmus decline, for instance in the Rhine
delta (see Hofstede et al., 1989) or on slopes in river valleys (Bakels, 1992). The practices of
woodpastures and the pollarding of trees were probably known to Neolithic man (see Pott,
1988, Lüning and Kalis, 1988). Ulmus is one of the most favoured species as fodder. Behre
and Kucan (1994) mentioned the possibility that due to selective pollarding of elm trees, these
trees might have been more susceptible for the elm disease. Thus man could have enhanced
the spread of the disease (see also Kalis and Meures-Balke, 1998, Rackham, 1980).
It is recently proposed that in the Baltic Sea region (a/o Zealand, Denmark, Northeast
Germany) man was largely responsible for the Ulmus decline. The gradual decrease of Ulmus
in the pollen diagrams of Odrup Mose, Åmosen, Dahmer Bucht (see Kalis and MeurersBalke, 1998) seems to favour this hypothesis.
For Northwest Europe the elm decline is seen as characteristic for the ending of the Atlantic
period and the start of the Subboreal (Rackham, 1980, Behre and Kucan, 1994).
Summarised:
The transition of the Atlantic and Subboreal is characterised by a synchronous elm
•
decline in Northwest Europe, probably caused by the elm disease, locally combined with
human influence (leaf fodder collection).
3.7 Neolithic and Bronze Age
Introduction
The transition from a hunter-gatherer-based economy to an agricultural based economy is
characterised by a drastic decline of Tilia in the pollen diagrams (see a/o Turner, 1962,
Rackham, 1980, Andersen 1988a, Aaby 1986, Behre and Kucan 1986, 1994, Lüning and
Kalis, 1988, Kalis, 1988, Bakels, 1992 and Odgaard, 1994). Unlike the decline of Ulmus, the
Tilia decline wasn’t synchronous (Rackham, 1980, Behre et al., 1996). The decline was
confined to areas were the first Neolithic settlers are recorded. These first settlers obviously
preferred the more fertile and drier soils (Behre, 1988, Waterbolk, 1954).
In this paragraph the impact of Neolithic man on the environment and especially on Quercus
will be investigated.
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Loess region
The earliest evidence of Neolithic farming practices and the associated clearings of virgin
forests are found in the loess regions of Europe (see Lüning and Kalis, 1988, Behre, 1988 and
Bakels, 1992). In The Netherlands, the Linearbandkeramik culture arrived around 5300BC.
The people of the Linearbandkeramik culture probably preferred loess soils, because these
soils have a high fertility and a good physical structure. In general, deliberate grubbing out of
lime woods resulted (Behre, 1988). As shown in paragraph 3, Tilia forests were located on the
more fertile well-drained soils. The strong decline in the Tilia curve in the close
neighbourhood of settlements can be assigned to clearings. The decline in the periphery of
these settlements is assumed to be due to the use of bark and leaves (as fodder) of this species
(after Behre, 1988).
Lüning and Kalis (1988) described the Neolithic colonisation and cultivation of the
Aldenhovener Platte in 3 phases. With the arrival of the Linearbandkeramik people Tilia
strongly declines, because of clearance for settlements and crop fields. Light demanding
species increase, probably due to a general opening up of the surrounding forest by human
activity. Already in the first phase Quercus starts to decline as well, probably due to need of
construction material. In the second phase a stabilised situation is shown in the diagram, with
as only exception Quercus. The opened canopy probably allowed Quercus to regenerate. In
the third phase (abandonment of many houses) forest regeneration starts with an optimum of
Corylus and Quercus. After abandonment the tree species composition develops towards the
original situation, but with more Fraxinus. In another publication, Kalis (1988) showed that
Ulmus dominated the forests in the river valleys of the Rurtal (part of the Aldenhovener
Platte) before human settlement phases. During the first occupation by Bandkeramik people,
Fraxinus rapidly increased and it is proposed that these people used Fraxinus leaves as
fodder. It is proposed that some kind of wood management favoured this species. However,
the species probably has a higher pollen production if shredded. Only in the following
settlement phase (Rössener culture) Ulmus seems to have been favoured as leaf fodder as
well, according to the author. This species produces less pollen if shredded. In the same
publication a profile from Broekveld (loess area Netherlands) was discussed. Here on the
plateau Tilia was the absolute dominant species, during phases without human interference.
During settlement phases the species decreased, whereas more light demanding species like
hazel and oak increased. After abandonment the woods regenerated through a Corylus and
Quercus stage to a lime forest again. After abandonment by the Rössener culture, the woods
were able to fully regenerate and Tilia reached its absolute optimum.
Bakels (1992) investigated two early-Neolithic sites in the northern loess area of Belgium.
The inhabitants were probably of a Bandkeramik culture as well. Between 6450BP and
6150BP a conspicuous amount of charcoal is found. First Ulmus declines and shortly
thereafter Tilia as well. Corylus shortly peaks, but especially Quercus shows a substantial
rise. The Elm decline may represent clearing for settlement in the valley, access to the river or
be due to cattle grazing and the obtaining of grassland. The Tilia decline is due to
deforestation with probably a more severe influence on the landscape, otherwise it would not
have been visible in the pollen diagram from the valley. The substantial rise of Quercus could
be the result of sparing this species by the Bandkeramik people, according to Bakels (1992).
However a general opening of the forest canopy would already result in an increased
competitiveness of the species. Especially, taking in mind that livestock grazing hampers
Tilia regeneration (Rackham, 1980). Furthermore, Tilia is sensitive to woodland exploitation
due to its ‘frequent failure to regenerate from seed’ (see Pigott, 1991). Finally, Quercus was
probably more dominant on the ‘poorer’ soil types found in the region. These soil were not
favoured for agriculture and therefore were not cleared (see Bakels, 1978). After
abandonment Tilia slowly increased in importance at cost of Quercus.
Van Zeist (1958/1959) showed that in the neighbourhood of a Bandkeramik settlement nearby
Sittard, Tilia drastically declined whereas Quercus became absolutely dominant. Quercus
would stay important and Tilia did not recover.
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The effect on vegetation of these first Neolithic farmers differed per area. As Bakels (1992)
said: ‘local conditions dictate which species was affected most and which species was not
affected at all’. However it seems that human practices facilitated light demanding tree
species during a settlement phase. In the loess region, the forest (after abandonment of fields)
was often able to regenerate towards a closed forest situation, with a considerable amount of
Tilia.
Bunnik (1999) shows the extreme influence of human populations on the occurrence of Tilia
or Quercus (again on the Aldenhovener Platte). During periods of small-scale landuse in the
Early and Middle Bronze age (1950-1250 and 1250-700BC, respectively), Quercus became a
more important component of the forests on the loess soils (together with Tilia), whereas
during periods of abandonment Tilia absolutely dominated once more. During the Late
Bronze Age (1000-700BC) larger scale clearings and opening of the forest (the first since the
Neolithic) resulted in a rapid expansion of Quercus and Corylus. Tilia became less
competitive due to this general opening. Furthermore Ulmus declines in the valleys Bunnik
(1999). In the western part of the area less activity resulted in more Tilia.
Impact of Neolithic man in the sand soil areas: Denmark
Iversen (1973) modelled the first colonisation and cultivation of the forests of Zealand
(Denmark) at the transition from Atlantic to Subboreal. He distinguished 5 phases as
summarised in table 3.2. Human cleared the forests with axe and fire and used the land
agriculturally. Animal husbandry (forest grazing) must have been the most important
agricultural activity. Cattle made forest regeneration impossible, which kept the landscape in
a hazel dominated stage (according to Iversen). Iversen referred to this colonisation as
‘Landnam’ (lit. land taking) and related this colonisation to the Funnel Beaker culture.
Table 3.2. Different phases of the ‘Iversen-Landnam’.

Phase
1
1a
1b
2
3
3a
3b

Description
Decrease Tilia, Ulmus, Fraxinus.Sudden rise Poaceae, Pteridium aquilinium. First
pollen of Cereals and/or field weeds.
Maximum Pteridium and Asteracea, isolated pollen of Plantoga major, P. lanceolata
Increase pioneer tree species (Salix, Populus, and Betula), decrease non-arboreal
spec.
Dominance Betula and Corylus, Corylus increasingly important. Max. Cereals, P.
lanceolata, Artemisia. Lower values: Pteridium, Salix, and Populus.
Corylus dominates pollen spectrum. Decrease cultural indicators. Decrease Betula,
with increasing values of Quercus and Fraxinus (woodland regeneration).
Further increase Corylus, all other species curves decrease.
Decrease of Corylus, increase forest tree species.

Troels-Smith (1960) pointed out that before the ‘Iversen-Landnam’, cultural indicators are
found (some Plantago lanceolata, P. major and cereals). He related the fall of Ulmus and
later Hedera helix in the pollen diagrams to the collection of fodder by the ‘Ertebølle culture
(see Kalis and Meures-Balke, 1998).
Kalis and Meures-Balke (1998) recalculated the ‘typical’ pollen diagrams of Iversen (Odrup
Mose) and Troels-Smith (Åmosen)4. They were able to combine archaeological data with the
recalculated pollen diagrams. During the period of the Ertebølle culture, a system of
woodland management developed, mainly based on the collection of fodder (Ulmus, Tilia,
and Fraxinus) for cattle (phase A and B Troels-Smith). During the period of the earliest
Funnel Beaker culture (± 3900BC) the land-use intensified. Swidden cultivation with forest
pasturage developed (phase 1 Iversen). During the Middle Neolithic the cultural landscape
was characterised by hazel groves, probably due to an extension of the fallow period (phase 2
4

It is shown that if both diagrams are re-calculated in the same way, part of the so-called ‘pre-Iversen
landnam’ arable farming phase, as distinguished by Troels-Smith, is actually Iversen s’ phase 1a.

35

Iversen). The distinguished zones are valid for the Baltic Sea region according to these
authors.
Many authors show differences in the utilisation of forests by Neolithic people in Denmark
(see Andersen, 1988a,b, 1992, Aaby, 1986). At the Løvenholm forest, Jutland, Quercus seems
to have been promoted by Neolithic man at cost of Tilia (see Andersen, 1988a). This result is
based on a forest hollow and thus only valid on a very local scale. At the lake Bundsø site, all
tree species were suppressed by human activity, including Quercus. Only Corylus showed an
increase (Aaby, 1986). At Fugslø bog (Jutland) as in Holmgaard bog (Zealand) Tilia and
Ulmus decline, whereas Corylus and Betula increase in periods of Neolithic cultivations
(Aaby, 1986). At the Næbyholm forest site (Zealand, a small forest hollow), Tilia was first
promoted for shredding as leaf fodder. Later a woodland pasturage system developed and
Quercus became co-dominant, whereas Tilia disappeared (Andersen, 1988b). At the Abkær
(Jutland) site Quercus seems to be unaffected by Neolithic cultural activities (Aaby, 1988).
On the more sandy soils in Western Jutland Quercus was a dominant species, according to
Odgaard (1994). Though at Skånsø Neolithic man cleared Quercus forests.
At the Harreskov site (middle western Jutland) Odgaard and Rostholm (1987) reconstructed
the vegetation during and before the occupation of the Single Grave (Early Bronze Age)
culture (around 2600BC). The pollen analysis was done on the soil beneath a barrow of this
culture. A forest dominated by Betula, Tilia and Corylus combined with grasses and heather
(25%) was reconstructed. They mentioned this forest to be the virgin type situated on poor
sandy soils. However a combination of light demanding species (Betula) and shade tolerating
species (Tilia), combined with heather (a species related to nutrient poor environments) seems
an unlikely virgin forest type. Probably some kind of disturbance is responsible for the codominance of Betula and Tilia, with Calluna and Erica in the understorey. Tilia and Corylus
probably dominated the Atlantic forest, whereas during the Neolithic the forest degraded, due
to soil degradation (both naturally and human induced) and (probably) clearings. In these
clearings Betula and perhaps Corylus might become dominant. Quercus seems to have been
locally absent.
In general, it seems that Tilia was not a favoured tree species, except as producer of leaf
fodder. In periods of Neolithic cultivation Tilia was often suppressed (Andersen, 1988). On
the more fertile boulderclay soils Corylus was favoured the most (see Aaby, 1986, 1988), due
to the opening of the forest canopy. Remarkably, many of the Tilia forests regenerated after
Neolithic cultivation (see Aaby, 1986, Andersen, 1988,1992) Quercus increased in presence,
but often did not show a respond to cultivation periods and was unaffected (Aaby, 1986).
Finally, in some parts of Jutland, the landscape stayed open, even after abandonment of the
cultivated areas. Calluna was a dominant pollen type in these regions (e.g. at Solsø, Andersen
et al., 1996, Odgaard, 1994).
Germany
I will start with Behre and Kucan (1994) again. They distinguished two merged Neolithic
settlement phases: the first (probably) mainly based on the shredding of deciduous tree
species, with some agriculture and the second a forest pasturage system, with far more
clearances for agriculture. The first settlements in the area belong to the early Funnel Beaker
culture. This culture is according to the authors characterised by some tillage and animal
husbandry. However, only some Plantago lanceolata was found, whereas the grasses stay
below the 10%. Thus indicating that a system of wood pasturage did not exist. It is assumed
that these early settlers used the leaves of species like Tilia, Ulmus and Fraxinus as fodder (by
shredding). The second phase (see also Behre and Kucan, 1986) is characterised by a drastic
decline in Tilia and Quercus, whereas the grasses strongly increase. Now, besides clearing of
forest, the forest was used as pasturage. An increase in Calluna pollen indicates that the soil
degraded during the second part of settlement. After abandonment the forest regenerated.
However due to soil degradation Tilia played a less dominant role in the mixed oak forests
(see fig 2.1). Fagus partly colonised these woods. Quercus remained a dominant species in
the area and region (see Behre et al., 1996). Shredding of trees for fodder is not common in
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the maritime climates of Northwest Europe. Forest pasturage systems were far more common
in these temperate areas (Burrichter and Pott, 1983). However, quoting Bakels (1978): ‘the
first inhabitants had to cope with a lack of pasture’. In the dense forests that covered the
upland soils, domesticated animals would have had difficulties with finding food. River
valleys probably yielded the best grazing ground. Later during the human occupation, the
fallow lands and abandoned fields could be used (see Bakels, 1978). Thus in a pioneer phase,
the use of leaves as fodder, might well have been necessary.
Dörfler (1989) investigated profiles in Altesmoor. In one profile a distinct settlement phase is
found. Again a Tilia decline is shown at the start of settlement. The author concluded that the
best soils were selected for clearing. After abandonment of the settlement, cultural activity
remained in the surrounding area and if Tilia was mainly used for fodder, a prolonged
depression in the occurrence should have been visible. However after abandonment of the
settlement Tilia was able to regenerate.
Netherlands
The earliest settlers on the Drenthe Plateau were part of the Funnel Beaker culture (i.e. Funnel
Beaker or Trichterbecher: TRB, see Casparie and Groenman van Waateringe, 1980, Bakker
and Groenman van Waateringe, 1988 and Spek, 1996, 1998). This culture was mainly
confined to the coversand areas in Drenthe (Groenman van Waateringe, 1988 and Spek, 1996,
1998). These forests were probably less dense and the coversands were easier to till (Spek,
1996, 1998). ‘The ancient principle that the most fertile soils [this case: boulderclays] are
always reclaimed first appears not to hold true’ (Spek, 1998). The other landscapes were
always in the neighbourhood and could thus be used. Most TRB settlements are situated
nearby or on ecological transitions (see Spek, 1996). Based on the above-mentioned
researches it appears that the influence of the TRB culture on landscape scale was small.
Forestland was able to regenerate (after clearance and land-use), first through a Betula,
Corylus stage (see Casparie and Groenman van Waateringe, 1980). However the same authors
showed the beginning of heath expansion, which would later cover huge areas in Drenthe.
Still most forest regenerated and the soil was not that acidified and depleted as present (Spek,
1996). At a very local scale heavier deforestation took place, as shown by Casparie (1992). A
deforestation of 80-90% in an area of 350ha was found nearby Emmen. Both the forests on
the boulderclays as well as the coversand forests were affected. After abandonment Tilia and
Quercus both regenerated. In barrow spectra from the TRB higher percentage of Tilia are
found than in later cultures (see van Zeist, 1967 and Casparie and Groenman van Waateringe,
1980, Waterbolk, 1956).
The general trend of the following cultures (Protruding Foot Beaker culture (PFB), Bell
Beaker culture (BB) and Early Bronze Age cultures (EBA)) is one of a severe deforestation.
Forest species like Tilia, Ulmus and Quercus were declining, whereas ‘secondary’ species
like Betula and Corylus became increasingly abundant. Calluna-dominated vegetation types
developed and regeneration of abandoned fields, through a Betula stage would become
increasingly uncommon (see van Zeist, 1955, Casparie and Groenman van Waateringe, 1980,
Spek, 1996, 1998 and Dupont, 1985). The PFB, BB and EBA cultures continued to mainly
inhabit the coversand soils, but, as the TRB, preferably on transitional zones (Spek, 1996).
Their influence thus extended to the boulderclays as well. Again, livestock farming in forest
would have had, undoubtedly, a stronger effect on species like Tilia.
Around 3000BC Fagus started to expand in Drenthe (see Dupont, 1985), indicating that the
boulderclay landscape was not too impoverished at that time (Spek, 1996).
Spek (1998) concluded that the landscape of Drenthe at the end of the Bronze Age was
roughly half covered with heathland, half with woodland (mostly on the boulderclays). Soil
deterioration due to acidification, leaching and podzolisation made forest regeneration
difficult or impossible (see Spek, 1998 and chapter 4). Especially tree species that prefer more
nutrient- and base-rich environments (Tilia) were unable to recover during these Middle
Neolithic and Bronze Age cultures (see pollen diagrams of Dupont, 1985 and Van Zeist,
1955). However Quercus showed a decline throughout the Bronze Age as well and only at the
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end of the Middle Bronze Age (3000 C14BP) a small recovery is found (see Dupont, 1985). At
the same time Fagus shows a marked expansion in Drenthe.
The Neolithic tribes of the Veluwe area showed the same trend of settling. Again ecological
transitions were preferred, that is the transition from wet to dry on river valley slopes
(Groenman van Waateringe, 1978). Due to small clearances and a pasturage system, the forest
was rather opened, but extensive heathland expansion is not found. A general degradation of
the forest due to soil impoverishment resulted in higher occurrence of Betula (see Casparie
and Groenman van Waateringe, 1980)
Two trends have become visible, both human induced, namely the development of woodlands
situated on poorer sands towards heathland and the development of ‘richer’ woodlands
situated on loamy soils towards poorer woodlands types (after Casparie and Groenman van
Waateringe, 1980). The development towards poorer woodland systems should have favoured
Quercus (Dirkx, 1998).
Herding pigs in Neolithic times?
Ten Cate (1972) argued that swine/pigs were already kept during the Neolithic period. He
states that the agricultural based Ceramic cultures were herding pigs in the surrounding
forests. Findings in the Dutch coastal dune area nearby Velsen of the Hilversum culture
(dating 1500B.C.) comprised acorns and the tooth of a swine. Indicating that possibly the art
of swine keeping was known to this culture. Bakels (1978) found that pigs were part of the
domesticated herd. However cattle was far more important in the loess region.
Furthermore it is shown by many archaeological excavations that during the Atlantic swine
belonged to the more common species in The Netherlands (see Bottema, 1987). Which again
would make domestication possible.
Grigson (1982) points out that as far as evidence goes, cattle were most important during the
Early Neolithic, whereas pigs increased and exceeded cattle in importance during later phases
of the Neolithic in Britain. According to the same author, humans were facing environmental
difficulties in the later parts of the Neolithic. More woodlands were cleared (in this period
heath expansion had already started in The Netherlands). These woodlands often were left to
regenerate after a short period and Grigson suggests that bracken dominated these clearings
(which is shown in pollen diagrams during disturbance phases), which is a staple food for
pigs. Another possibility would be that in secondary forests the role of Quercus increased and
thus the acorn production. However, the occurrence of pig food, does not in itself mean that
pigs were abundantly present or domesticated.
Early woodland management: oak coppice?
As Rackham (1980) said: ‘much of the wildwood presumably consisted of great trees, which
could not routinely have been handled [by Neolithic man] without inordinate labour spend on
reducing them to manageable size’. Thus small and medium sized poles were probably
preferable for Neolithic man (after Rackham, 1980). In this context it seems plausible to
assume some kind of coppice ‘management’ by Neolithic man. Even though the idea of
coppice practices in prehistoric times is accepted by archaeologists (Groenman van
Waateringe, 1992), direct evidence is scarce.
In the Somerset levels, trackways through the swamps dating from the Neolithic period have
been found. The oldest and most elaborate track is the Sweet track (Rackham, 1979). Great
quantities of oak poles were found, which alone suggests that prehistoric settlers practised oak
coppicing. Furthermore, the oak poles that Rackham (1979) analysed were uniform and
straight (though not as straight as the ash poles) and often fast grown. Very wide first and
second annual rings were found, which is the characteristic of the fast and vigorous regrowth
from a freshly cut coppice stool (after Rackham, 1974, 1979). Most of the wood must have
been brought from a distance (Rackham, 1979), because swamps belong not to the must
suitable habitats for the growth of oak and hazel. All this strongly points to woodland
management and a high level of organisation (Rackham, 1980). The finding of oak as
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underwood is probably the oldest in Europe. The timber used as decking was almost
exclusively of Quercus.
Rackham (1977) analysed other trackways in the Somerset levels as well. The Walton heath
and Rowlands tracks were mainly constructed from hazel poles. The stems were remarkably
straight and fast grown. Instead of cutting stands of Hazel all at once, drawing was practised,
which means that only suitable stems were cut. The felling it self was done with ‘exploitation
of the vertical plane of weakness’: after opening a crack the rod was rent from the stool with
sideways pulling (after Rackham, 1977). Many of the rods, used for the trackways, show parts
of the stool.5
In The Netherlands, trackways through bogs have been found (see Van Es et al., 1988,
Casparie, 1992). However, mainly alder was used, which probably grew at the margins of the
bogs.
Due to the dominance of Corylus in pollen diagrams during periods of cultivation, especially
on richer (boulder clay) soils in Denmark, it is tentative to suggest some kind of coppice
management by Neolithic man (see Andersen, 1992), especially since many tree species were
unable to regenerate as long as cultivation took place.
Throughout England ‘a number of rod assemblages of such uniform ages is found that they
much have originated in an area of stools or trees cut in the same time’ (Morgan, 1988).
However it is not possible to determine if this was a one-off operation or one of a series of
periodic fellings according to the same author. Neolithic man must have noticed and used the
ability of trees to resprout from their stools. It remains questionable to speak of a real
management system. As Peterken (1993) said: ‘the coppice structure was probably
widespread before a coppice system was needed’. However, somehow Neolithic man knew
which tree species to use for certain practices and how to produce this wood (Morgan, 1982).
Summary
During a Neolithic settlement phase Tilia always declined. ‘At some places the Tilia curve
recovered, to decrease permanent during the next phase of settlement, at other places the Tilia
curve stayed low’ (Behre, 1988). Environmental conditions changed (due to the clearance of
lime-woods), which had a negative impact on Tilia, (see chapter 4). Livestock made Tilia
regeneration difficult, because of this species absolute intolerance towards grazing (Rackham,
1980, Weeda et al., 1987), whereas Quercus was often favoured in pasturage systems (see
Pott and Hüppe, 1991). On loess soils, however, Tilia was able to regenerate after settlement
abandonment and became dominant in the forests again.
Remarkably, Quercus shows a far less pronounced decline in many of the pollen diagrams
(see for instance the pollen diagrams of Flögeln in Behre and Kucan, 1994). Quercus seems to
have profited from (often human induced) environmental changes (these changes and their
effect on Quercus are the scope of chapter 4). Quercus was far more able to recover and less
affected by cultural activity (see a/o Aaby, 1986).
Intentional favouring of Quercus by Neolithic man might have occurred locally (swine
herding, coppice systems). However, except perhaps for the coppice evidence found by
Rackham (1979, 1980), it was not possible to find evidence for an intentional favouring.
The overall coverage of woodland had already decreased at the end of the Bronze Age, as is
shown by the expansion of heather dominated vegetation types.
Though Fagus is already present in pollen diagrams covering the Subboreal period, in many
places it would take until the late Subboreal/ early Subatlantic before this species became (co)
dominant in the Dutch forests (see e.g. Van Zeist, 1955).
Summarised:
With the start of Neolithic agriculture the amount of woodland decreased, whereas the
•
amount of open land (heathland) increased.
5

For further reading see Coles, 1987: ‘Tracks across the wetlands: multi-disciplinary studies in the
Somerset levels of England’
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•
•
•

During a cultivation period, Tilia always declined, whereas Quercus was less affected.
During the Neolithic, Tilia disappeared from the forests on sand soils, whereas Quercus
became more important (on the loess soils Tilia remained important until the Iron Age).
Some indications are found that Neolithic settlers knew oak coppice systems.

3.8 Fagus sylvatica expansion: human induced?
Around 3000 BP Fagus sylvatica started to expand into the southern parts of The
Netherlands, i.e. the loess region (Huntley and Birks, 1983). Expansion into the rest of The
Netherlands varied greatly throughout time. Fagus is generally perceived as the dominant
indigenous species of The Netherlands (see v/d Werf, 1991) A more light demanding taxon as
Quercus has less competitive strength and on the better drained, more fertile soils Fagus will
outcompete this species (after Weeda et al., 1985). There are many questions concerning the
late expansion of Fagus in Northwest Europe. Especially the role of climate versus (indirect)
human impact is matter of debate. Gardner and Willis (1999) suggested that beech could
become established under the canopy of an existing forest until it overtops and achieves
dominance. Thus they argue that beech would have colonised the Northwest European forests
anyway and that the late colonisation is due to inherent characteristics. The inability of Fagus
to invade Tilia forests, as even found nowadays in Draved forest, does not favour this
assumption (Iversen, 1964, Aaby, 1983, own observation).
As shown by Küster (1997) Fagus did not spread simultaneously throughout Europe, which
makes an explanation by climatic deterioration alone, unlikely.
Fagus is mentioned to replace the remaining Tilia forests at the transition from Bronze to Iron
Age (see e.g. Behre and Kucan, 1994, Bunnik, 1999: Roman occupation). Both species are
well adapted to shady environments and probably have (more or less) the same nutritional
needs. However, prefers the more fine textured soils (Pigott, 1991). These soils have a
relatively high base saturation.
After abandonment of agricultural lands, the forest regenerates (if soil conditions are not too
impoverished), but human influence in the form of grazing or selective cutting often remains.
Tilia is sensitive for this kind of disturbance. However, Tilia is able to re-sprout after cutting
(see Pigott, 1991), a trait that is less developed in Fagus. It is suggested that the sensitiveness
of Tilia to woodland exploitation ‘arises from its frequent failure to regenerate from seed so
that, once destroyed, it does not readily establish’ (Pigott, 1991).
The production of fertile fruits of Tilia is very infrequent and in small quantities. Nowadays
fertile fruits are observed in years with temperatures well above average in late July/August
(in England). During flowering the temperature should exceed 20°C for several hours (Pigott,
1991). In natural forest ecosystems, regeneration once every 100 years should be enough for
the next generation of mature trees. Positive conditions for fertile seed production and
regeneration should have occurred within such a period (Rackham, 1980). Cleared forests
(human activity), which are left to regenerate after agricultural use, are (re) colonised by tree
species. A more frequent seed production (like for oak and beech) increases the competitive
strength and increases the possibility of (re-) establishment.
It is shown that a general opening of the forest facilitated Fagus in the loess area of the
Aldenhovener Platte (part of this plateaux compromised the Southern part of Limburg as
well) during the Late Bronze Age (see Bunnik, 1999). Furthermore as long as Tilia absolutely
dominated these forests, Fagus was unable to gain much ground.
For later cultivation phases declining Fagus values in pollen diagrams are thought to be an
indicator of dry soil exploitation by human, but moderate cultural activity on these soils might
have a favouring effect (See Aaby, 1986, 1988). Thus a decrease in Fagus pollen (during the
Iron age) indicates large-scale forest exploitation, whereas an increase in this pollen meant
field abandonment.
Summarised:
Human activities favoured the spread of Fagus by shifting cultivation.
•
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•

Fagus is successful in competition with Tilia in regenerating woodlands, due to
infrequent fertile seed production and absolute intolerance towards grazing of the latter
species.

3.9 Iron Age: Celtic fields and Roman occupation
General
During the mid-Holocene, forests have been influenced by human activities as shown in the
foregoing paragraphs. However, during the Iron Age the speed of changes seems to increase.
‘During this period of Roman occupation the largest scale deforestation so far took place’
(Behre, 1988). ‘The deforestation and impoverishment of the coversand landscape, which
had started in the preceding periods, were accelerated’ (Spek, 1998). The carrying capacity of
the environment was often exceeded, which led to a massive extension of heathland in the
Pleistocene sand areas.
In Drenthe the Neolithic and Bronze age cultures had exhausted their living places on the
coversands and had to migrate to the boulderclay landscape. These soils could now be tilled,
because of the invention of iron ploughs. The migration to the boulderclay landscape resulted
in a decline of Quercus (see van Zeist, 1955). Tilia was already far less abundant than in the
Atlantic, supposedly due to the opening up of the forest (by pasturage and selective cutting
see Spek, 1996).
An agricultural improvement made permanent fields possible: the so-called Celtic fields.
Within walls, these fields were fertilised with manure and sods. Cattle were kept outside these
walls and grazed in pastureland and forest (after Spek, 1996, 1998, Behre and Kucan, 1994).
In the Veluwe region, at the transition form Subboreal to Subatlantic pollen diagrams show a
drastic opening of the vegetation, due to an increased human activity (Celtic field systems), as
well. Ericaceae increase at cost of tree species (see Havinga, 1962). For example, around
Kootwijk a tree to non-tree ratio of 2:3 is found for the Roman time (Van Geel and Groenman
van Waateringe, 1987).
Around Flögeln (see Behre and Kucan, 1994) the final decline in Tilia is found during the
early Iron Age. Fagus has expanded at cost of this species but at cost of Quercus as well.
Both heather and hazel increased in importance. Human must have helped hazel, because the
high pollen values can not be explained by the soil qualities, which had become nutrient
poorer. During the Roman Iron Age Fagus steadily expands in the now largely oak dominated
mixed oak woods. Humans are supposed to have been helpful in this process by clearing the
forest and letting it regenerate afterwards. Calluna became an important feature in the
landscape and locally wild grasses as well, which indicates a kind of pasturage system. An
overall picture for this period shows a drastic decline in Quercus, which is only partially
compensated by Fagus (and to a far less extend by Carpinus, according to Behre and Kucan,
1994).
The situation in the loess area is both different and alike at the same time. During the Iron
Age the amount of woodland rapidly decreases, with an increasingly smaller portion of Tilia.
At the same time Fagus expands and Quercus increases enormously. The woodland was
heavily used, probably as pasturage as well. On the steeper slopes Calluna could gain ground
due to erosion of the loess deck. During small periods of regeneration Pinus invaded these
soils. During Roman occupation the landscape became largely deforested, with an intensive
agriculture (villae rustica). Scattered throughout the landscape some oak copses were left. The
landscape of the western part (Limburg) now closely resembles the eastern part (Germany)
(after Bunnik, 1999). Supposedly the oak copses were used as coppice land (Bunnik, 2001).
In his book ‘Wan God mast gift...’ Ten Cate (1972) shows the importance of swine and swine
herding for the Romans. The Romans have written much about agriculture (and swine
herding) in their empire, although less has been written down about the agriculture of the
German tribes. Plinius, when debating Northern Europe (including The Netherlands) speaks
about extensive woodland with majestic oaks used for swine herding on acorn mast (after Ten
Cate, 1972).

41

Even though the peak of acorn gathering for human consumption occurred in earlier times,
during all prehistoric periods up until the Late Iron Age it was a common phenomena (see De
Hingh, 2000).
Coppice management in the Iron Age
In the Westphalian Hauberg region (Germany) Iron Age ore delving and melting places have
been found (see Pott, 1986). Great quantities of charcoal (and thus fuelwood) were necessary
for the practice of ore melting. During the period of these practises the established beech
woods were replaced by oak and birch woods. These species are better able to regenerate
from stumps after cutting. Coppice practices are probably the origin of the extension of oak
and birch woods. After abandonment of the ore melteries beech woods were able to expand
once more at cost of oak and birch (after Pott, 1986).
Rackham (1980) mentioned it to be unlikely that whole forests were sacrificed for the Roman
ore melting at the ‘Weald’ (Southeast England). Economically, it would be more profitable to
use the regenerating secondary woodlands than to clear primary woodlands at greater distance
from the ore melteries. Thus, according to Rackham a coppice system developed. A Roman
source (Res Rustica by Columella) mentioned the existence of coppiced lands in Italy and
France (after Rackham, 1980).
However, both above-mentioned examples are situated on richer loamy soils. For the Veluwe
sand area (Central Netherlands) it is known that the iron industry destroyed enormous areas of
forest, which were unable to regenerate (see Buis, 1993).
Probably very old oak coppice stools are found in the Veluwe area. The possibility is
mentioned that these stools date from the Iron Age (Rövekamp and Maes, 2002). However no
dating evidence is given so far and it seems unlikely that the stools, which are situated
beneath driftsands, if present, will give a decisive answer about their age.
Summarised:
Heathland massively increased, due to increased deforestation. Quercus often decreases
•
as well.
In the loess area Tilia declines, whereas Quercus increases.
•
Coppice management favoured oak in the loess areas.
•
3.10 Dark ages: period of rest
After the collapse of the Roman empire, the population in most of The Netherlands was
greatly reduced. ‘Abandonment of cultivated land resulted in woodland regeneration in many
places’ (after Dirkx, 1998). But the environmental conditions had changed. Due to the process
of soil degradation and the change in hydrological conditions (see for more reading next
chapter), complete woodland restoration to the prehistoric ‘wildwoods’ was not the case. The
Pleistocene sand soils regenerated to two major woodland types: 1 Fago-Quercetum, 2
Betulo-Quercetum (see Koster, 1978, Theuws, 1988, Birkx, 1998). The Fago-Quercetum
could be found on the (loamy) more fertile soils on the ice pushed ridges in which cambic
podzols had developed, whereas the Betulo-Quercetum type was found on the poor, heavy
podzolised (acid carbic and gleyic podzols) cover sand soils. The latter type showing great
dominance of Quercus, both petraea and robur, (Pals, 1987), whereas the first shows a Fagus
dominance.
Around Flögeln the forests, at least locally, regenerated through a pioneer’s phase towards
oak dominated forests again (see Behre and Kucan, 1994: Swienkuhle).
‘In the course of the Middle Ages the human population started to grow again, resulting in a
strongly increased pressure on the existing woodland and heaths’ (after Dirkx 1998). The high
forests disappeared with such rates that around 1300 no high forests of any magnitude existed
in the major part of The Netherlands (Buis, 1985, 1993).
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Summarised:
During the Dark Ages forest regeneration took place. Two major types are distinguished:
•
1. Fago-Quercetum, on the loamier, more fertile soils.
2. Betulo-Quercetum, on the less loamy and fertile soils.
3.11 Human intervention favouring oak in historic times?
Introduction
This paragraph describes the attitude of the Dutch population towards the remaining
woodlands and especially oak. The use of woodlands and its influence on the oak will be
analysed.
The increased pressure on the woodlands, which had regenerated during the Dark Ages,
forced people with an interest in woodland to
organise themselves in so called marken,
buurtschappen and gemeintes. Regulations
concerning (wood)land use were written down
(for a detailed description see Buis, 1985).
Measures taken by these organisations will be
discussed throughout the text. The measures
taken to actually plant and reforest areas will be
treated in a subparagraph.
Two woodland uses will be treated in detail: the
pasturage systems and the coppice systems.
Further the impact of both the iron industries
and shipbuilding industries will be discussed.
Pasturage systems: swine herding
Forests pasturage was one of the main
woodland uses in The Netherlands. At first
mainly swine were herded, later cattle as well
(Buis, 1985). In nearly all the commons some
kind of regulation concerning pasturage are
Figure 3.3 Mast collecting in Autumn (after Ten
found (see Pott and Hüppe, 1991).
Cate, 1972).
th
Until the 16 century the herding of swine on
acorn mast in autumn (see fig. 3.3) played an
important role. In years with a high acorn production those with a share in the marke (a
common) were allowed to feed their swine on the acorn crop. The amount of swine allowed to
feed on the crop might depend on the crop or was a fixed share (after Buis, 1985). The
importance of pigs feeding on acorns is shown in the way woodland was described. The size
of forested land was measured in the amount of pigs that could be herded in the forest (Buis,
1985, Grigson, 1982: Silva ad x porcus). Ten Cate (1972) in his book ‘Wan God mast gift’
investigated the role that swine have played in the European history. Ten Cate found traces of
swine pasturing in old charters dating from the Early Middle Ages, concerning estates in The
Netherlands (woodland usable for the herding of swine was gifted).
As said the Marke (commons) were often raised to dam the tide of forest destruction, thus
legislation was made concerning the major threats towards the maintenance of woodland. Ten
Cate (1972) showed many examples. Most of the legislation was concerning the amount of
pigs, the period in which the pigs were allowed to be driven into the woodland, who was
allowed, the protection of regenerating woodland, the prohibition of smashing unripe acorns
from trees (see fig. 3.4) and the ringing of pigs (preventing to much soil damage). Penalties,
for breaking these rules, became harsher during the centuries (Buis, 1985; ten Cate, 1972),
which resulted from a severe lack of woodland. Woods were often closed for pigs from March
till October, whereas cattle wasn’t allowed from July till October (Dirkx, 1998). Thus during
the period of young shoot development forest pasturage was often prohibited. The rooting up
of the soil by pigs was perceived as more destructive, than the grazing of cattle. To be sure
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that the pigs driven into the woodland were of rightful common users, these pigs were
branded and often herded by a herdsman (see ten Cate, 1972).
The habit of smashing unripe acorns from trees
was conceived as destructive and often
prohibited although as the painting below
shows (fig. 3.4), probably a common practice.
This smashing has a negative influence on oak
regeneration, because they are not capable of
germination. Furthermore, both tree and swine
are not favoured by these activities. Swine
often reject to eat unripe acorns, whereas the
trees are damaged, which again has
consequence for their vitality (after Ten Cate,
1972).
A problem with the dependence on mast of
acorns and beechnuts is the erratic production
of these masts. Oak mostly produces a mast
every three years, whereas beech produces
even less (Rackham, 1980). This might have
given a reason to prefer oak (which is more
reliable) above beech for mast production.
Furthermore, other food resources were of
importance, like domestic waste (see Grigson,
Figure 3.4. Smashing unripe acorns (after Ten
1982).
Cate, 1972)
Until the 16th century, swine herding was an
important part of the forest pasturage system. A major reason for the decline in swine herding
will have been the inability of the commons to stop the forest destruction (Dirkx, 1998). On
the resulting, mostly, open lands (often heathlands with scattered trees) grazers (sheep, cattle,
and horses) were herded.
From the 16th century onwards, grazers became dominant in the ‘forest’ pasturelands (Buis,
1985).
Pasturage systems: cattle
The importance of cattle during the Middle Ages should not be underestimated according to
Groenman van Waateringe and Van Wijngaarden Bakker (1990). According to the same
authors, pigs were most common in the eastern parts of The Netherlands, whereas cattle were
most common in the western parts (where pure moorland meadows were common).
‘When historical documents mention grazing in their woodland, they imply at least some nonforest vegetation’ (Rackham, 1998). A rather lush and green vegetation, as found at the
Kootwijk site (see Van Geel and Groenman van Waateringe, 1987) will have been common
during the (Early) Middle Ages. The same authors found that Quercus and Corylus were the
dominating woody species in this landscape.
In Britain (and much of Northwest Europe) oak was the predominant tree in most
woodpastures (Rackham, 1980, Pott and Hüppe, 1991). Rackham described the way this
system favoured oak. Often these pasturelands were found on the poorer soils (i.e. those soils
were Quercus could be dominant). Moderate grazing he mentioned to be less harmful to
oaklings than to other trees, because they are full of tannins, with a nasty taste. Furthermore
oaklings are difficult to kill, due to their enormous taproot. This taproot even in unfavourable
situations contains and is able to store high amounts of starch (see Ziegenhagen and Kausch,
1995). These contents may be used to replace browsed leadshoots (Shaw, 1968). Rackham
(1980) continued, that woodpastures contain grassland and grassland edges, in which oak
could use its skill in colonising such grounds. Rackham stressed that nowadays in abandoned
fields Quercus re-colonises quite easily. Especially in the woodland/grassland edges with
thorny bushes the circumstances were favourable. Beech is far less able to regenerate on thick
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carpets of grass than oak (Tybirk and Strandberg, 1999). More edible species like lime and
hazel disappeared in these woodland pasture systems (Dirkx, 1998).
‘Woodpastures contain a mosaic of different secondary age classes and are more favourable
to Quercus robur than to the woodland orientated species Q. petraea’ (Rackham, 1980). Q.
petraea he mostly found in areas with a coppice history.
Pott and Hüppe (1991) described the (remnants of) wood pasture systems (hudelandschaften)
of Northwest Germany. Regeneration (see fig. 3.5) in these landscapes occurs in the following
way (after Pott and Hüppe, 1991). Thorny bushes (on the more fertile grounds: Prunus
spinosa) colonise a patch of soil (1). These thorny bushes are avoided by cattle and thus are
able to expand and finally create a thorny brushwood fringe (2). Protected by the bushes tree
seedlings (often Quercus robur) germinate and establish (3). Finally, the tree canopy will
overshadow (part) of the brushwood fringe, which results in degeneration of the shrubs. Gaps
in the brushwood fringe will occur and provide access for cattle (4).

Figure 3.5. Regeneration in wood pasture systems (see text for explanation, after Pott and Hüppe, 1991).

Different tree forms are found in these old wood pasture landscapes (after Pott and Hüppe,
1991): solitary (groups of) trees, all kinds of cut and shredded trees (see coppice systems),
‘bushy’ tree forms (see fig. 3.5) and bundles of trees. Bushy tree forms are characteristic for
heavily grazed environments. An established tree overgrows the thicket (bush) it germinated
in and is beheaded by cattle. This results in vigorous regrowth from the stem. To protect
seedlings (oak and beech) from cattle, these seedlings were planted in ‘bundles’. If many of
these seedlings survived, the bundle will grow into a many-stemmed tree. The oak and beech
trees were used as mast trees for swineherds in these landscapes.
Pott and Hüppe (1991) distinguished between ‘hudelandschaften’ situated on the poorer sand
soils, the so-called Quercion habitat and those on more base rich, loamy soils, the so-called
Carpinion habitat. The vegetation, which differentiated from these woodland types, differs
due to environmental conditions. Furthermore species which are able to cope with heavy
cattle pressure were positively selected (as the oak, see above). Fago-Quercetum type
pasturage often shows regeneration through Cytisus scoparius (again as a protection wall),
whereas Stellario-Carpinetum type pasturage often regenerates through Prunus spinosa. On
the poor coversands (Betulo-Quercetum) extensive Calluna and sand drift dominated
vegetation types developed, with some Betula regeneration.
Coppice systems
Trees in a pasture system were often coppiced, pollarded or shredded (Rackham, 1980, 1998
Pott and Hüppe, 1991, Peterken, 1993). In figure 3.6 these different forms of tree cutting are
shown.
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d: coppice
e1: pollarding
e2: pollarding
f1: shredding
f2: shredding
Figure 3.6. The major forms of coppice, pollarding and shredding (after Rackham, 1980).

Oak coppice systems were a common woodland type in The Netherlands and Belgium (see
Buis, 1985, Tack et al., 1993, 1998) Coppice systems could be divided in two major types:
pure coppice and coppice with standards (see Rackham, 1980, Peterken, 1993, Tack et al.,
1993, 1998). Pure coppice woodlands are managed as underwood, whereas coppice
woodlands with standards have some higher trees besides the underwood.
The northern part of Belgium and the southern part of The Netherlands (Brabant) had mostly
pure coppice, since timber was imported by means of the many harbours (Tack et al., 1993,
1998). Oak coppice systems are mentioned in the legislation of some of the commons (Prins
et al., 1993). Important in the legislation is the ban on digging up of old stools (a/o erosion
prevention). Documents dating back to the 13th century show that coppice systems were well
known (after Buis, 1985). He proceeded that during the later part of the Middle Ages coppice
systems became increasingly popular, because of short rotation periods. Due to the
degradation of the woodlands, these lands developed more or less automatically to underwood
and would thus have facilitated the process. Furthermore decreasing revenues from woodland
(overexploitation of timber etc.) made transforming to coppices profitable. The grubbing out
of the forest was according to the same author often related to shortage of money. Forested
land was seen as a source of money. The many wars (notably the Eighty Years’ War) were
devastating for the forest area. When the standard wood was sold, all that could be done was
shorten the rotation cycle in order to increase the profit. Buis concluded that during most of
the period described in his work Historia Forestis (Middle Ages onwards) coppice systems
were the common form of woodland in Netherlands north of the Rhine river branches. The
Neederrijkswald woodland is a well-documented example.
The early felling in (short) rotation cycles, which is the major aspect of coppice systems,
encouraged growth from the stump and avoided problems such as heartrot, which gets in
through dead branches (Rackham, 1974). He continued that the need for seed in those times
was reduced by this vegetative reproduction. The sprouts are less vulnerable to damage by
animals and less susceptible to competition with (other) underwood. Furthermore, the access
of animals to at least a part of the sprouts will be reduced (the inner parts) and the young
sprouts are provided with the existing root system of the stool. Finally, the coppice systems
provided the oak sprouts and oaklings with adequate light, after cutting. Rackham (1974),
who found regrowth of 2m in the first year shows that growth conditions were favourable for
sprout development after cutting. If standards were the management objective, than
superfluous poles were cut, which promotes the development of the standard (leading shoot).
The coppice system in itself was favourable for the oak, not only because it was the major
species coppiced on soils that are not too wet nor too dry (see Buis, 1985).
The woodlands were intensively used as pasturage and coppice lands and in that way the
forests were kept relatively open, with often a poor regeneration (Tybirk and Strandberg
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1999). They mentioned that coppice management favoured oak at cost of beech in Central
Jutland (Denmark), because beech has less sprouting power after repeated coppicing.
A major product of the oak coppices was the eek (bark of the oak), which was necessary for
the tanning business. Buis (1985) found directions in the commons concerning the extraction
of fuelwood in relation to the division of the (fuel)wood and the bark between various ‘right
persons’. The production of fuelwood and the bark extraction seem to be closely correlated;
punishments concerning both the extraction of fuelwood and bark often are difficult to
discriminate between (Buis, 1985). The oak coppice systems rapidly expanded after the
Industrial Revolution had reached The Netherlands. Tanning industry developed and thus an
increasing demand after the tannic acids provided by the bark of oaks. During the19th century
many oak coppice plantations were created, mostly to be neglected after the discovery of a
chemical counterpart of the oak’s tannins (after Buis, 1993). Rackham (1980) described a
similar process for Scotland.
The planting of (oak) coppices in Drenthe (The Netherlands) considerably increased the area
of woodland in Drenthe during the 18thy and 19th century (see Van Laar and Den Ouden,
1998). Even though it is suggested that Quercus petraea might be the more profitable species
in a coppice system (Prins et al., 1993), the early Dutch foresters mostly did not distinguish
between the two species (Buis, 1985).
Until the 16th century, fuelwood as a coppice product, was an important forest product even in
open counties as Holland and Zeeland. After the 16th century the fuelwood production became
negatively correlated with peat production (see Buis, 1985).
Marken (commons)
Between the 12th and 13th century the already mentioned marken (commons) were created.
Buis (1985) in his work Historia Forestis described in great detail the functioning of these
marken. Here I will briefly discuss the main legislation found by Buis concerning forest
‘management’ and protection. The main measure taken to prevent total destruction of
woodland was the ‘in vrede leggen’ or ‘in ruste leggen’ (keeping in peace), which meant that
after cutting the woodland was left to regenerate for a few years (mostly 3 or 4 years).
Proceeding measures were rare. It was allowed to plant trees at the border of the wild lands
and ones border. Tree planting beside roads was allowed as well, but only for a few metres.
The obligation to plant seedlings (after cutting) was uncommon. Rackham (1980) mentioned
that planting of seedlings in more or less healthy woodland might not have been necessary,
because ‘there is no record that any action or expense was necessary to ensure the
succession’. However, much of the woodland was in a deplorable state at the end of the
Middle Ages and the degradation of woodland (due to overexploitation, Buis, 1985) and
resulting ‘heathification’ will undoubtedly sometimes have made regeneration of woodland
impossible.
Sometimes special nurseries were created to provide oakling shoots. After nursing, these socalled telgenkampen were often used to create high, middle or coppiced woodlands. Sand
walls had to be erected to prevent losses by foraging livestock. Reforestation was rare and
again only in later ages the planting of pine on sand-drifts developed, though in Drenthe and
the Veluwe oaks were planted to hold sand drifts at bay and provide fuelwood (see Van Laar
and Den Ouden). Buis (1985) and Prins et al. (1993) give some examples of planting
activities concerning oaklings (mostly outside commons). Especially, in the older country
estates oak was one of the species planted. Schaars (1974) described the re-afforestation
around the farm (manor) ‘Het Entel’ (Achterhoek, East Netherlands) during the second half of
the 18th century. Most of the trees planted were oak seedlings and saplings: 3600 as stems and
around 130000 for coppice purposes. Other trees were planted (like some pine and fir trees),
however their amount in comparison with oak is negligible.
Legislation in the form of ‘Thou shallst not.....’ was very common. In this scope the
legislation around foraging has already been mentioned. The high value of oak wood (in form
of timber, poles, fuelwood, bark etc.) is shown in the penalties for illegally cutting oaks: these
penalties were one and half the amount as for beech (another valued species, after Buis,
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1985). The oak was highly valued and is the most mentioned tree in the markerechten
(common rights) (Prins et al., 1993).
Overall, most of the marken failed to dam the tide of forest destruction and degradation
Dirkx, 1998, Buis, 1985).
In the cultural landscapes surrounding the villages, oak was an important feature in Drenthe
(and supposedly most of the ‘higher’ Netherlands). Within the villages, so-called brinken
were located, with oak as the major species (brinken were used as (cattle) markets). Around
arable fields so-called essen were located; i.e.: an enclosure of woody scrubs, coppices and a
few standards (often oak to be used as construction timber). At the transition of these fields to
wild lands so-called esrandstrubben existed, but often degraded due to grazing of livestock
and overexploitation of wood. The ‘esranden’ were meant to keep the livestock out of the
arable fields and to provide in the needing for fuelwood by the local population. Common oak
was often planted and managed as coppice to provide this fuelwood (after Van Laar and Den
Ouden, 1998).
Oak as timber
Timber has probably been an important part of the products supplied by woodland (Fraanje,
1999). The high forests, still existing in the Early Middle Ages (Buis, 1985), could provide
large timber for constructions, on the other hand the middle forests with standards and the
coppice systems provided building material as well (Rackham, 1974). Poles could be
extracted from coppice systems and smaller construction material from standards. For Britain,
Rackham (1974) said that the oak was almost exclusively used as timber. Due to a great skill
in carpentry small poles and logs (6m) of quite young standards (up to 75 years old) were
commonly used in buildings. The logs were squared instead of vertically sawed and ‘the
carpenter accepted and turned to good use the irregular shapes’. The smaller sizes were very
common in buildings (see Rackham, 1974). As in Britain, many old Dutch buildings
(especially farmsteads) were build of squared oak logs or poles (see Janse, 1989).
Oak probably provides the best timber of the native Dutch tree species, because of the species
durability, strength and easiness to split (after Bakels, 1978). The oak was a favoured species
for construction purposes (van Laar and den Ouden, 1998, Fraanje, 1999). Not unimportantly,
it was a very common species as well.
Major wood consuming industries
Two important wood consuming industries had developed in The Netherlands: the iron
industry, mostly situated at the Veluwe, demanding high quantities of fuelwood for charcoal
and the shipbuilding industry searching for large timber.
Casparie (1983) described the wood of a medieval river vessel, found near Meinerswijk
(Netherlands). All the wood found was of Quercus and thus it is assumed that the whole ship
was made of that species. Oak wood is probably the best construction material for
shipbuilding, that is, given adequate supply. The oak timber used was not imported from
foreign countries, but harvested from a forest situated in the Pleistocene sand soil area. For
smaller boards oak wood of a lesser quality was used and thus not wasted (after Casparie,
1983). Oak wood in constructions from the Early Middle Ages (7th and 9th century, Dorestad)
appeared to have come from riverine forests, Pleistocene areas and Germany. The
characteristics are respectively: very irregular growth, fairly regular growth which was fast to
moderate and slow but regular growth (Casparie, 1983).
‘Eikenkrommers’ (crooked oak logs) were appreciated in the shipbuilding industries until
1650’s (Fraanje, 1999). The use of krommers in constructions is restricted to Northwest
Europe; only trees growing at soils with a fluctuating groundwater level and thus with
irregular annual tree-ring growth supply these curved logs (Fraanje, 1999). The decline in use
of these krommers might again indicate the decline in carpentry skills as suggested by
Rackham (1974).
After the 13th to 14th century, most of the timber logs for shipbuilding were transported from
Germany and (later) the Baltic States (Fraanje, 1999, Heybroek, 1989). At that time, most of
the high forest had disappeared in The Netherlands (Buis, 1985).
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Wolterson (1974) shows that the shipbuilding industry was of great importance for the Dutch
economy. He estimated that in the middle of the 17th century 450000m3 oakwood was
consumed per year for shipbuilding only. The trade, discovery and colonisation of over-sea
countries were based on oak (according to Heybroek, 1989). The importance of oak woods is
illustrated by a command given to the Spanish commanders of the Armada fleet, in 1588. If
they were unable to occupy England, they at least should destroy the forest of Dean. No (oak)
tree was allowed to remain upright (after Evelyn, 1662 in Heybroek, 1989). In that way the
sea power of England would be broken. The importance of oak as shipbuilding material is
further illustrated by Heybroek, 1989)
In the middle of the Veluwe area at excavation sites of old settlements, many shards of
German pottery are found, dating from the 7-9th century6. Nevertheless, this area is known as
marginal for agriculture and those settlements could at best have been self-sufficient. Major
export of agricultural products from
this region seems out of question and
under normal circumstances ‘simple’
Dutch pottery should have been
excavated. Furthermore, settlements
as on the ‘Braamberg’ nearby Hoog
Buurlo, 80m high on an ice pushed
ridge, are unlikely to be chosen by a
farmer’s perspective. The mentioned
prosperity was achieved by means of
iron production. Iron ore is found in
the ice pushed ridges of this part of
the Veluwe and heaps of iron slag as
well as ore mining places are found
throughout this region (see fig. 3.7).
Important for the production of iron7,
not only is the occurrence of iron ore
in the soil, but an ample supply of
Figure 3.7. Iron production on the Veluwe area. Punctuated: area
charcoal (and thus wood) as well.
with slag heap findings. Black areas: iron ore production. 1:
Orderbos, 2: Hoog Buurlo, 3: Kootwijk, 4: Rhenen (After Joosten and
Both were not lacking in the Early
van Nie, 1995).
Middle Ages. The type of wood
almost exclusively found by charcoal analysis is oak (Joosten and Van Nie, 1995). However,
selective corrosion of less durable species than oak distorts this picture. The conditions (on
dry sand soils) are often not favourable for the preservation of charcoal (see Bakels, 1978).
Furthermore, even though oak may have been the favoured charcoal species, other species
will certainly have been used as well if this species lacked. (Heidinga, 1987)
Iron was an extremely important product in the Middle Ages and the production of iron was
related with powerful people, i.e. great landowners. Four great landowners with normal
property of estates in or outside the Veluwe, which were hardly overlapping, all owned forests
in the iron producing area (see fig. 3.8). ‘Without being directly involved in the iron
production, the great land owners, later the monasteries of Lorsch and Werden, were assured
of a regular supply of iron, since the felling rights were undoubtedly granted in exchange for
payment in iron’ (after Heidinga, 1987). Furthermore it is proposed that the ring forts (dating
from this period) found nearby Heveadorp and the Uddelermeer were used to control the iron
trade. The first would have controlled the southern trade, the latter the northern. The fort in
the north was unlikely build for something else in the middle of marginal area. All this shows
the great importance of the iron producing industries at the Veluwe.

6
7

The text on iron producing is based on Heidinga, 1987 and 1992, unless mentioned otherwise.
See for a description of Early Middle Ages iron production Joosten and Van Nie, 1995
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Between the 11th and 12th century the iron producing industries declined in the Veluwe area.
Many of the sand drifts, notably in the region discussed, started somewhere between 1150 and
1250 (Koster, 1978). Smaller sand drifts were found during the Early Middle Ages (8th
century) nearby Kootwijk (see Koster, 1978), which is part of the Iron producing area. The
landscape became deforested
and a lack of fuel wood will
have been one of the reasons for
the decline in iron production
(Heidinga, 1987. 1992 and Buis,
1993). Competition from other
iron industries, as well as
changes in social structure
might have contributed as well
(see Joosten and Van Nie, 1995)
The iron industry needed
around 3000ha of woodland
(coppice) to produce charcoal in
a sustainable way, which is
around 30% of the forestland
available in the iron producing
area (see Appendix I).
The Veluwe became deforested Figure 3.8. The relation between land-ownership and iron winning
and, according to Buis (1993), a on the Veluwe (see text, after Heidinga, 1987).
major part of the deforestation
might well be ascribed to these
iron industries. Woodland was
necessary for other needs of the
local population, competing
with the fuelwood need of the
iron industry. Thus the local
population had to protect the woods from the demands of this industry. Buis (1993) suggested
that this early need of protecting woodland from illegal cuttings might be the reason why the
punishments in the later Veluwe marken were harsher (including penalties of death) than in
the other commons.
It seems unlikely that the iron industry alone was responsible for the large-scale deforestation
of this area. However, combined with the local needs, the area was over-exploited and great
parts of woodland changed in heather vegetation types. Especially the competition for wood
between the iron industry and the local needs probably had a devastating impact on the
forests, mainly because the amount of woodland was too small to fulfil both demands.
Figure 3.9 summarises the vegetation of the Veluwe based on pollen analyses by Koster
(1978), including the area nearby Apeldoorn as described above, around 800 AD (i.e. during
the period of iron production) and 1300 AD (i.e. after the iron production period). The amount
of Quercus in relation to Fagus, which is the other important species of the Fago-Quercetum
woodland type, is mostly higher.
Beech is often mentioned as the dominant species if forests are left unmanaged (see e.g. Van
de Werf, 1991). The fact alone that oak has remained important in the Dutch forests and
cultural landscape indicates that the species must have been favoured
Pollen analysis of moss used for caulking ships suggests as well that Quercus was a dominant
tree in both more forested and agricultural landscapes except for the peatlands (see Bottema,
1983).

50

1: Pinus + Betula + Corylus
2: Alnus
3: Fagus + Carpinus
4: Quercus
5: Other arboreal pollen
6: Ericaceae
7: Gramineae
8: Other non-arboreal pollen

Figure 3.9. Vegetation of the Veluwe
during part of the Subatlantic based
on pollen spectra. Phase I: ca. 8th
century, phase II: ca. 13th century
(after Koster, 1978).

Twentieth century
After the Industrial Revolution (invention of artificial fertilizers and artificial tannins), the
Dutch landscape changed irreversibly. Large-scale reforestation took place during years of
economic collapse. Drift sands and poor heath ecosystems were forested with pine. Other socalled ‘Woeste gronden’ (waste grounds) were planted with exotic coniferous species or
cultivated. The oak coppices, which were planted in mass during the 19th century (see Buis,
1985) were transformed to cultivated lands or monocultural plantations. Exotic coniferous
species were preferred for their fast growing qualities. The ‘malebossen’ (old commoners’
forests) left, were often transformed into plantations as well. Even, if a malebos was kept in
peace, the vegetation would change drastically. Springer (1934) said that the malebossen
around Elspeet were dominated by Quercus petraea in his childhood. Less than half a century
later Quercus petraea had drastically declined and Fagus had become dominant. Most of
these old forests are dominated by Fagus, nowadays, whereas not a century before Quercus
petraea was a least co-dominant. Furthermore, the agricultural landscape was ‘intensified’,
with little to no room for old tree walls (essen), small woodland patches and hedges. Overall,
the landscape was intensified and meant to produce as much as possible in as short a period of
time as possible.
Only, recently the attitude of foresters towards the indigenous, deciduous broad-leaved trees
has changed. ‘Multifunctional’ became a keyword in forest policy. In short this term means
that apart from timber production other facets like nature, landscape and tourism are
incorporated as well. Natural regeneration is one of the methods incorporated to create a more
natural forest. However, this trend, doesn’t seem to favour oak much. The recent dieback,
vigour problems and failing regeneration of oak are dealt with in chapter 4.
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Summary
No arboreal species has really been favoured, if one takes in mind that virtually no high forest
was left after the High Middle Ages. Large-scale deforestation changed the Dutch landscape
irreversibly. Most of the Pleistocene sand soils in the Eastern Netherlands were covered with
treeless heathland and the Dutch variant of deserts, namely sand drifts. The woodpasturage
systems, which were present during the Early Middle Ages often had degraded to treeless
vegetation types as well (Dirkx, 1998). However, Quercus relative to other Dutch tree species
did fairly well in the Dutch (cultural) landscape. In woodpastures and coppiced woodlands
this species has been dominant. It was favoured as fuelwood, construction wood, tannins and
mast producer. Furthermore it is the one species often mentioned in the common rights. Some
protection measures at least were taken. However, as the example of the wood consuming
iron production has shown, being a favoured species sometimes may be disadvantageous.
Still, as shown in fig 2.10, the oak was one of the major (drier soil) tree species, whereas the
beech was less common.
During the last century, the old cultural landscape was destroyed and with it all practices
which promoted oak.
Summarised
• Oak was favoured for the production of mast, wood and tannins in pasturage and coppice
systems.
• Oak is most often mentioned in the legislation of commons and some protection measures
were taken
• The commons were unable to stop the forest destruction.
• After the Industrial Revolution, fast growing tree species were favoured at cost of oak.
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4 Environmental changes throughout the Holocene
4.1 Soil processes
Brown earth forest soils
After the final retreat of cold periods and the amelioration of the climate, forest re-colonised
much of the Northwest European lowlands (see chapter 3). On these forested soils humus
profiles developed. The effect of the roots of trees and other vegetation combined with a high
soil fauna activity resulted in biological homogenisation, which means that organic matter is
mixed with the deeper mineral soil (after Spek et al., 1997).
The occurrence of Dryas octopetala, a calcicole species, during the Late Glacial indicates that
the coversands were (partly) calcareous at time of formation during the Pleniglacial and Late
Glacial (according to Spek et al., 1997). Sands that were deposited during the late Holocene
are often somewhat calcareous, if they result from riverine sedimentation (pers. comm. De
Waal, 2003). Nowadays the Dutch coversands are mostly poor in lime. A slow process of
natural acidification takes place on these soils, which will be discussed, in the next paragraph.
At somewhat acid circumstances (pH< 7) the process of soil brunification started. The plant
roots were transformed in the soil, which resulted in all kinds of organic compounds.
Extremely resistant organic compounds slowly developed as humus films on the sand grains.
Furthermore, chemical weathering of silicates, which contain iron and aluminium, resulted in
brown coloured iron and aluminium compounds. These effects combined result in the typical
brunification of (forest) soils. Soil fauna and rooting made the compact soils loose, with a
better aeration. In that way, the soil deeper within the profile brunified as well.
The humus type that develops on these brown earth soils is typically of the Mull type. Mulls
are characterised by the absence of thick ectorganic horizons (that is litter and fermentation
horizons) and a mixture of the organic matter with deeper horizons (see Kemmers and De
Waal, 1999, Stockmarr, 1975, Klinka et al., 1981, Green et al., 1993). Further, the organic
matter is thoroughly mixed with the mineral soil, due to a high activity of soil fauna and
especially earthworms (after Maddelein et al., 1994, Spek et al., 1997).
In chapter 3 it is shown that during the Atlantic the importance of Tilia was far greater than
until recently assumed. Beneath Tilia (and other species with base rich litter) the base
saturation and pH are relatively high in ancient woodlands that remain nowadays. The soil
doesn’t acidify beneath Tilia as strongly as it does beneath species with less base-rich litter
(see Maddelein et al., 1994, Neirynck et al., 2000, Norden, 1994a,b, Van Oijen et al., in
prep.). Furthermore the organic matter is easily decomposed beneath this species and the
nutrients are mostly immediately taken up by the forest system. Thus the cycle of nutrients is
almost closed. Even though the soil will be decalcified, most of the Calcium will still be in the
system (Spek et al., 1997). In those few woodlands, situated on sandy soils, were Tilia
remains, even nowadays brown forest soils with a mull are found (see Aaby, 1983, Iversen,
1964, Kristiaansen and Dalsgaard, 2000). The assumption of Havinga (1962) that the
influence of the vegetation, if present at all, on the podzolisation process, is nothing compared
with the influence of the soil appears not to hold true on intermediate rich soils (see Hommel
et al., 2001, and Hommel et al., 2002, Kemmers and De Waal, 1999). Muys (1995) concluded
that even on a regional scale the influence of tree species is the most important factor that
explains both chemical and physical properties of the soil. He concluded that ‘the impact of
humus quality of temperate zone forests is more important than generally accepted’. In his
study, tree species was the most important factor that explained humus quality. Other factors
were stand history, CaCO3-content and soil texture.
However on the poorest sandy soils (low base saturation, nutrient availability), slow leaching
of cations from the system will eventually lead to acidification (Spek, 1996).
Natural soil acidification in temperate woodlands
In areas with a precipitation surplus, soil acidification is a natural process. Normally the soil
will only acidify if the cycle of elements is broken. Not one ecosystem has a fully closed
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cycle of elements. Especially the Carbon cycle is not totally closed. If carbon dioxide (CO2),
which penetrates the soil through pores and roots, contacts water, than acid H+ ions are
produced (after Spek, 1996, Birks, 1986, Stockmarr, 1975, De Vries and Breeuwsma, 1985).
Beneath a pH-value of 4.5-5.0, the acid production of CO2 dissociation is negligible (De Vries
and Breeuwsma, 1984). In practice lower pH-values are found on the Dutch sandy soils. Only
part of the fresh organic matter is decomposed to CO2, the rest is only partially broken down,
which results in organic acids that are able to split protons (H+) at lower pH values (after De
Vries and Breeuwsma, 1985).
There are many acid producing and acid consuming processes in the soil (see for a review:
Van Breemen et al., 1983). The ratio between these processes is dictated by environmental
circumstances (see Van Breemen et al., 1983). Human intervention often changed this ratio in
favour of the acid producing processes, which will be discussed later. Some elements of the
soil are a buffer against acids and thus are able to keep the pH at the same level. Both the rate
of weathering and the parent material are of great consequence for the neutralisation of acids
(Spek, 1996 and Van Breemen et al., 1983). On (cover) sands the loam content of the soil
dictates the neutralisation capacity of the soil. In the loam fraction (<50µm) many clay
minerals are found. Furthermore the specific area of this fraction is greater than that of the
sand fraction. Thus, under undisturbed conditions, in soils with a high loam content the acids
will be neutralised and the pH will not drop. Soils, which are poor in loam, will eventually
acidify (according to Spek, 1996).
With the continuing of soil acidification and the exceeding of the neutralisation capacity of
the soil, podzolisation will start.
Podzolisation
The process of podzolisation occurs in environments with continued acidification and
accumulation of litter. The acidification results in a decrease in decomposing soil fauna and
an increase in decomposing fungi (see Stockmarr, 1975). Raw humus will accumulate on the
topsoil. In these acid environments, many organic acids are released by the decomposition of
litter. These (simple) acids release cations from the minerals, which leach to the deeper
mineral soil. However, the released iron and aluminium ions are mostly combined with
organic compounds, which initially are not saturated and thus solvable in water. On their way
to the deeper soil more iron and aluminium is combined. These compounds will deposit after
saturation. Finally an illuvial horizon will develop (the B-horizon) rich in iron, aluminium and
organic matter. The overlaying horizon whence the organic matter, iron and aluminium came
from will become poor in these materials. This horizon obtains a bleached appearance (eluvial
E-horizon). On top a horizon rich in humus and organic matter develops (A-horizon) (after
Spek, 1996, Van Breemen et al., 1992, Buurman, 1984, Lundström et al., 2000).
On sandy soils the (rate of) podzolisation depends on the loam content of the parent material
(Spek, 1996, Bakker and Schelling, 1989). In parent materials with a loam content beneath the
10% a podzol will always develop. These podzols are known as primary podzols. Beneath all
vegetation types, podzolisation will occur on these soils. Soils with loam contents above 25%
normally do not develop a podzol (given drier circumstances). On sandy soils with loam
contents between 10 and 25% podzolisation only occurs at certain environmental conditions.
Given dry circumstances, these soils will develop towards ‘Rostbraunerde’ (in Dutch:
humusijzerpodzolen, which is incorrect because these soils are not podzols). Human influence
degraded these soils towards podzols (after Spek, 1996, see next sub paragraph).
Predominantly, most of the Dutch sandy soils have loam contents between 10 and 25% (Steur
et al., 1985).
Human induced soil changes
As mentioned earlier, the impact of human on the landscape was probably rather small during
the Mesolithic. However, on a local scale, some impact might have occurred. Even smallscale intervention in the forest, as land clearance for hunting camps had its influence on the
soil properties. ‘The clearance of vegetation has, as a rule, an impoverishing and acidifying
effect on the upper soil’ (Spek et al., 1997). Two processes are of importance with regard to
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these effects. All the nutrients that are captured in the vegetation are removed from the forest
ecosystem, which was situated on the surface cleared. A reduction of cations will occur on
these cleared soils, which is compensated by the production of H+ ions. Secondly, the cycle of
elements is broken and mineralisation of organic matter will be faster than the uptake by
vegetation. The free cations will leach to the lower soil and again be compensated by H+ ions
(after Spek, 1996, Spek et al., 1997).
Birks (1986) assumed that the development of the Northwest European woodlands from a
closed Tilia dominated forest to a more open Quercus dominated woodland was mostly based
on the natural process of acidification (as described above). On very poor soils (poor in
cations (nutrients) and loam) this might well have happened. However on more intermediate
soils, the process of ongoing acidification and podzolisation would only be triggered after
some kind of disturbance and change in environmental conditions (see Spek, 1996). Human
had an extremely disturbing effect on the natural vegetation and soil by large-scale clearances
and agricultural activities (as animal husbandry) from the Neolithic onwards. Due to the
large-scale opening of the forest the soils impoverished and acidified. The humus types
changed from mull to moder or morr, with an increased accumulation of humus on the topsoil
(see a/o Stockmarr, 1975, Iversen, 1964, Andersen, 1978, Spek, 1996). The balance between
acid producing and consuming processes and the cycle of elements were broken.
Podzolisation resulted. ‘The start of the secondary podzolisation process is related to the
moment at which human intervened with the forest vegetation’ (Spek, 1996). The (mostly)
human induced soil degradation resulted in forest degradation, the near extinction of Tilia and
the expansion of heathland and later sanddrifts (see a/o Odgaard, 1994, Casparie and
Groenman van Waateringe, 1980, Van Zeist, 1955 and Waterbolk, 1954). Burial mounds
show the influence of human on the soil as well. Whereas in the Early Neolithic those
barrows were situated on brown earth soils, during later phases the mounds were situated on
secondary podzolised soils (see Waterbolk, 1964, Modderman, 1975).
In the hill landscape of Southern Limburg, large-scale deforestation during the Middle Bronze
Age and the Roman Iron Age, resulted in erosion on some of the steeper slopes. The fertile
loess deck eroded and the less fertile sand and gravel soils surfaced (Bunnik, 2001).
Summarised:
After the last glacial, brown earth forest soils with a mull humus type developed.
The soil does not acidify as strongly beneath Tilia as beneath oak (acidifying species).
Soil acidification and podzolisation are natural processes in climates with a precipitation
surplus, because the Carbon cycle is not fully closed. The parent material is important.
Podzolisation of sandy soils occurs naturally in soils with loam contents beneath 10%,
•
between 10-25% podzolisation occurs if the system is disturbed, above 25% no
podzolisation occurs.
The clearance of woodlands and agricultural activities impoverished and acidified the
•
Dutch sandy soils.
Soil degradation resulted in the decline of Tilia.
•
•
•
•

4.2 Hydrological changes
Human influences on hydrology
The process of forest clearing not only had a drastic influence on the soil properties; the
hydrology changes as well.
Woodlands generally have a high rate of evapotranspiration (higher than cultivated areas).
Thus the precipitation surplus will be lower in forest landscapes. The clearance of the Atlantic
woodlands resulted in a rapid increase of the precipitation surplus. The water carrying off in
stream valleys increased and formerly dry grounds became wet (after Zagwijn, 1986, Spek,
1996). Furthermore, sedimentation in river valleys, due to erosion in more hilly landscapes,
increased (after Zagwijn, 1986, Bohncke and Vandenberghe, 1991).
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Zagwijn concludes that essential changes in water-balance on the higher soils and the river
valleys were mostly the result of vegetational changes during the Holocene.8
‘The hydrological changes differed per type of landscape’ (Spek, 1996). As said above the
lower river valleys and coversands became wetter and locally bog development resulted in
these valleys. On higher coversand soils (that are poor in loam) the groundwater levels didn’t
reach the rooting system. Here the clearings increased the weathering of the soil and sand
drifts were often the result. On clay-loam soils (‘keileem’) the consequence of clearings were
much the same as on the lower (cover) sandy soils. In these soils a perched groundwater table
exists during part of the year, which could drastically rise due to the clearings (after Spek,
1996).
In Britain, it is now generally accepted that deforestation, burning and grazing, with the
resulting development of podzols and iron pans initiated the replacement of woodlands by
mires (see Moore, 1986). Very high groundwater tables decrease the decomposition rate and
initiate the development of thick ectorganic layers of the morr humus type. The accumulation
of organic matter has a strong acidifying influence on the soil. These circumstances often
strongly supported the development of bog ecosystems.
Sea level rising
Around 5000 BP, which is on the transition from Atlantic to Subboreal, the continental
icecaps of Europe and America had melted. From the Subboreal onwards sea levels did not
increase as drastically as before. The rapid sea level rise after the Ice Ages was mostly based
on the melting of ice and some soil fall in The Netherlands The sea level rises after the
Atlantic are mostly based on soil fall (after Zagwijn, 1986).
Rising sea water levels are of consequence for the groundwater table. At the transition from
the Atlantic to the Subboreal a rapid increase in Alnus is shown in many pollen diagrams.
Some of the coversand ridges, which lay beneath NAP, were drowned during the Subboreal
(see Spek et al., 1997, 1999). The mass development of bog ecosystems (in e.g. Drenthe) will
(at least partly) be the result of increased groundwater levels due to increased sea water levels
(during the Atlantic and) at the transition from Atlantic to Subboreal (see Casparie et al.,
1980, Middeldorp, 1984).
Summarised:
Forest clearance, resulted in a decreased evapo-transpiration, which again resulted in
•
increased groundwater tables.
Sea level rise before the Atlantic is based on melting of ice caps, whereas after the
•
Atlantic it is mostly based on soil fall.
4.3 Holocene climate
With the end of the last cold period (i.e. the Younger Dryas), climatic conditions for growth
of deciduous tree species greatly improved. It is assumed that the average temperature of the
growing season increased in Northwest and Central Europe between 9000 and 6000BP, (see
Huntley and Prentice, 1993). At the start of the Atlantic period, precipitation values seem to
have increased, which is indicated by the development of ombrothrophic bog ecosystems (see
Caparie, 1972 and Dupont, 1985).
The reconstruction of past climates and the climatic fluctuations may be done with isotopegeological studies, palae-oecological studies (mainly studies on raised bog development), and
dendro-chronological or dendro-climatological studies (e.g. Dupont, 1985, Leuschner et al.,
2002). Changes in vegetational composition might indicate climatic changes (see e.g.
Huntley, 1988). However, many environmental variables and their interactions as well as

8
Interestingly, an increase in precipitation surplus is found from the Boreal to the Atlantic. During the boreal Pinus dominated
the forests, whereas during the Atlantic deciduous tree species dominated the forests. Deciduous tree species evapotranspirate far
less (roughly: 400mmy-1) than evergreens (roughly: 700mmy-1) (after Zagwijn, 1986, Bohncke and Vandenberghe, 1991).
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human activities extend their combined influence on the vegetational composition (after the
establishment of deciduous forests after the last cold period).
In general it can be assumed that from the Atlantic onwards the Dutch climate can be
classified as a maritime temperate climate, with a precipitation between 700mmm and 800mm
and an annual mean temperature above 10°Celsius (Zagwijn, 1986). Periods of variation (like
increased rainfall or somewhat colder periods) have been present throughout the Holocene. It
is suggested that temperature fluctuated by about 2°C around present day temperatures (see
Dupont, 1985, Lamb, 1995).
It is quite likely that climatic fluctuations appeared throughout the Holocene (last 8000 years).
These fluctuations are often measured in marginal environments; it is those places were small
changes in site conditions might have a great impact. Leuschner et al. (2002) were able to
show that large scale growth depressions, dieback and regeneration of bog oaks occurred
simultaneously in Dutch, German and Irish bog systems. These fluctuations in growth are
likely the result of hydrological fluctuations. Due to the scale of these events, climate is
assumed to be the driving factor. However, human impact (logging) could not be excluded in
all cases. More importantly, however, the observed climatic changes (precipitation combined
with temperature) may have been relatively small. In a marginal environment for oak growth,
small-scale changes might be readily felt. It is highly questionable in how far these changes
were felt in the forest ecosystems situated on the higher sandy soils. If competitive balances
between tree species changed on these soils due to climatic changes is simply unknown.
However, changes that are found in temperature and precipitation are relatively small from
the Atlantic onward. Dupont (1985) distinguished between 4000 and 2000BP four periods
with a somewhat different climatic regime based on isotope and bog development
investigations. Between 4000-3500 it was somewhat warmer (10°C. as year average versus
9.5°C. nowadays) and drier. Around 3000BP it was somewhat cooler (9°C.) and becoming
wetter. Between 2800 and 2500BP it was warmer (11°C.) and still wetter. Finally around
2000BP it was cooler again (9°C.) and as wet as today according to this author.
The climatic tolerances of the native deciduous species remains well within the limits of the
found climatic fluctuations (see Ellenberg, 1988)
Leuschner et al. (2002) removed extreme year to year variance from the data set, because they
were interested in long term changes. However, these year extremes might well be of great
importance for tree growth, vitality, regeneration and thus competitive balances within a
forest ecosystem. As Rackham (1980) said: ‘many trees are affected, especially in seed
production and the survival of seedlings, not so much by the general climate as by the weather
of particular extreme years.’ Especially seedlings may suffer from frost (Shaw, 1974) and
drought (Jarvis, 1964). It seems that extremes in weather conditions (mostly prolonged for a
few years) are simultaneously felt throughout larger parts of Northwest Europe (see Kelly et
al., 2002).
Despite the above-mentioned climatic fluctuations as found by Dupont (1985), she mentioned
these to be supplementary in influence to the impact of human on the regional vegetation (e.g.
the effect of forest clearance on hydrology).
Spurk et al. (2002) investigated the depositional frequencies of German subfossil oak in the
Main river valley. Anomalies were defined as phases of low deposition. Three different
periods are proposed: during period 1 deposition is dominated by climatic events (before
3500BC), during period 2 deposition is climatically triggered and enhanced by human
populations (3500-1200 BC), during period 3 (post-1200BC) any climatic fluctuation is
obscured by human activity (clearing). Between 6200-6000 supposedly a cooler and drier
climate prevailed, which reduced conditions for germination in the valley, whereas the density
of the wood remained untouched (older trees prevailed). During the second period the activity
of the river decreased, which again reduced germination. However the older trees were
reduced in number as well, which might indicate human clearances and settlement in the at
that time drier river valley. From 1200BC onwards, human activity reduced the forest area,
which now was only able to regenerate in periods of decreased human activity (war diseases).

57

These authors suggest that a relation exist between the North Atlantic Oscillation9 and
continental European climate. ‘This association can be seen in the oak data, with anomalies
interpreted as drier-than-normal phases with cooler Greenland temperatures’, according to
Spurk et al. (2002).
Summarised:
From the Atlantic onward, the Dutch climate is classified as a maritime sea climate.
•
Climatic fluctuations occurred, but were probably supplementary to the influence of
•
human on the vegetation of the Dutch (higher) sandy soils and loess soils.

9

Defined ‘as (predominantly wintertime) sea level air pressure difference between Iceland and the
Azores. A high NAO index indicates strong westerly flows across the North Atlantic, more northerly
storm tracks, low Greenland temperatures, less precipitation in Southern Europe and more precipitation
and higher temperatures in Northern Europe’ (Roger and van Loon, 1979 in: Spurk et al., 2002).
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5 Oak decline: the influence of predisposing, inciting and contributing factors
5.1 Introduction
Oak decline, dieback of oak stands and failing oak regeneration have concerned many an
ecologist in the past (see Falck, 1923, Day, 1927, Watt, 1919). During the last decades oak
decline has given rise to increased concern on the future of Quercus robur and Q. petraea
(see Donaubauer, 1998, Gibbs and Greig, 1997, Hartmann and Blank, 1998, Oosterbaan et al.,
2001, Oosterbaan, 1988, 1989, Siwecki and Ufnalski, 1998, Thomas et al., 2002, Oszaka,
2000). Many biotic and abiotic factors are involved in the recent decline symptoms. Manion
(1981) developed a model that describes the possible factors contributing to tree species
decline: the ‘decline disease spiral’ (see fig. 5.1). Three factors are distinguished in his
decline spiral: predisposing, inciting and contributing factors. Predisposing factors often are
static or non-changing factors that weaken a plant and put it in permanent stress, thus
predisposing it to inciting factors. Inciting factors act over a short period of time and cause
direct damage to trees. Contributing factors are the ‘killers’ of weakened trees. Healthy trees
normally remain unaffected by these contributors (After Manion, 1981).

Figure 5.1. Tree decline spiral
(after Manion, 1981).

This model has been applied to the European oak decline (see Oszako, 2000 and Malaise et
al., 1993). As predisposing factors, the following are mentioned in literature: unfavourable
site conditions (especially concerning hydromorphic sites), climatic changes and air pollution
(mainly Nitrogen deposition). As inciting factors drought during growing season, deep winter
frost, late spring frosts, defoliating insects, Microsphaera alphitoides, Phytophthora and
Collybia are mentioned. Important contributing factors are Agrillus biguttatus (oak buprestid
beetle), Armillaria (root rot) and possibly Pezicula cinnamonea and Ophiostoma.
The influence of biotic and abiotic factors on oak decline and regeneration are the scope of
this chapter. Since virtually no information on the influence of oak mildew in the Dutch
forests exists and this influence is (or at least seems to be) neglected, oak mildew is one of the
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major subjects of this chapter. Insect defoliation, mammal browsing, air pollution, site
conditions, climate and secondary pathogens will be treated as well.
5.2 Predisposing factors
5.2.1 Nitrogen deposition
General
In The Netherlands, an average Nitrogen deposition of 43kgNha-1yr-1 was found during the
period of 1980-1993 (Erisman and Bleeker, 1995). The average N-deposition around 1996
was 39kgha-1yr-1, of which 27% was oxidised Nitrogen and 73% was reduced Nitrogen
(Erisman et al., 1996, mainly votalisation of ammonium from manure: Van Breemen and Van
Dijk, 1988). In and nearby intensive farming areas, values of 60kgNha-1yr-1 are found
(Boxman, 2002). If the stress tolerance of the trees or the nutrient uptake by the tree roots is
criterion, than as critical load a range of 10-50kgNha-1yr-1 is mentioned (see Erisman et al.,
1996). For deciduous forests 15-20kgNha-1yr-1 is empirically estimated as critical load and 1020 kgNha-1yr-1 is estimated for deciduous forest on acid soils. Excess of critical loads is
indicated by (respectively deciduous and acidic deciduous forests) nutrient imbalances and
increased shoot/root ratios and changes in ground flora (WHO, 2000, Van Breemen and Van
Dijk, 1988). Clearly, the critical load for Nitrogen is exceeded in The Netherlands (see for a
full description: De Vries et al., 1992 and De Vries, 1994, 1996).
The effects of increased Nitrogen on oak
Direct damaging effects of excess Nitrogen compounds (NOx, NH3) on tree growth have only
been reported in isolated cases nearby sources of emission (Thomas et al., 2002). Indirect
effects of Nitrogen are generally considered of more importance on tree vitality. Soil
acidification due to NO3- leaching, which may lead to Aluminium toxicity and nutrient
imbalances in the soil are often mentioned as indirect effects of excess Nitrogen (see e.g. Van
Breemen and Van Dijk 1988, Van Breemen et al., 1987, Thomas and Büttner, 1998, Nilgård,
1985). Furthermore it is hypothesised that increased Nitrogen may reduce frost hardiness,
increase insect defoliation and imbalance host-pathogen relations with Phytophthora species.
Nutritional imbalances and acidification
Most of the Dutch forests are situated on acidification sensitive soils, in which the
nitrification rate is generally slow. ‘The oxidation of ammonium to nitrate is low as compared
to the deposition rate, which means that ammonium is accumulated in the soil’ (Boxman et
al., 1987. Nutritional imbalances may result from ‘increased leaching of cations, excessive N
uptake and reduced cation uptake due to ammonium antagonism10’ (Boxman et al., 1995).
Although, foliar N-concentrations increased during the last decades in many cases and lower
concentrations of Mg, K and P are measured (see CAD-BLB, 1990), growth at present is
generally not thought to be inhibited by N-pollution, except in heavily polluted (industrial)
areas (Boxman et al., 1995). In Northern Germany, many oak forest systems, investigated by
Thomas and Kiehne (1995), neared Nitrogen saturation. However no differences between
healthy and damaged oaks concerning N concentrations (and N/P, N/Mg, N/K ratios) were
found and it was concluded that the actual outbreak of oak decline could not have been due to
excess Nitrogen in these stands.
Due to soil acidification by NO3- and SO42- considerable losses of cations and particularly
Calcium and Magnesium ions are found in oak forests (Thomas and Büttner, 1998, 1992,
Oosterbaan and Van den Burg, 1988: 70% of researched sites had a Magnesium deficiency).
However these and other studies (as reviewed by Thomas et al., 2002, Van Tol et al., 1993)
have not yielded any evidence that soil chemical stress is responsible for oak damage.
Continuous soil acidification might effect system stability (see for reviews: e.g. Nilgård,
1985, Van Breemen and Van Dijk, 1988). Acidification may result in root dieback, which in
10

‘Competition’ between NH4+ and uptake of cations (Erisman et al., 1996)
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turn makes the tree more susceptible for dry periods during the growing season, windthrow
and pathogens (see Nilgård, 1985).
In a pot experiment the effect of different Nitrogen fertilisers on oak seedlings (Quercus
petraea) was tested (Berger and Glatzel, 2001). All fertilisers increased biomass, number of
leaves and leaf area, but total mass per leaf area decreased, as did the root mass ratio. In
general, root-mass relatively decreases. Negative correlations between N and base cations
were found for acidic soils if N-only fertilisers were used. Thus, excess N-input will cause
severe nutrient imbalances on substrates with low supply of base cations.
Effect on frost hardiness
Thomas and Blank (1996) and Thomas and Ahlers (1999) have investigated the hypothesis
that frost hardiness of Quercus robur and petraea decreases due to increased antropogenic Ninput in forest systems. Thomas and Blank (1996) investigated mature trees in different stands
at several dates during winter. They were in most cases unable to show a significant effect of
C/N ratio on frost hardiness of the living bark tissue. Effects of site conditions and climatic
regimes (a very mild winter preceded their research) could not be excluded (Thomas et al.,
2002, Thomas and Ahlers, 1999). Thomas and Ahlers (1999) conducted a research on oak
seedlings under controlled conditions. No clear effects of N-excess on frost hardiness of the
bark tissue were detected and it was concluded that water supply before frost and temperature
course throughout the winter were of greater consequence.
Effect on insect defoliation
Excess Nitrogen deposition is mentioned as a possible cause for the increased (both in
intensity and severity, see paragraph 5.3.4) insect defoliation found throughout Europe (see
Oszako, 2000, Thomas et al., 2002). The hypothesis is that increased Nitrogen deposition
could effect host-insect relations in 2 ways. First the C/N ratio of the leaves decreases, which
is thought to increase the nutritiousness and the digestibility of the leaves. Secondly, the plant
will be stimulated to grow at cost of phenolic compound production (see Oosterbaan et al.,
2001, Thomas et al., 2002). These phenols are used in the defence mechanisms of the leaves
against defoliation. Feeny (1970) observed that the early hatching of defoliating insects
coincides with the lowest tannin levels and the highest Nitrogen content of the leaves. This
might suggest a positive influence of increased Nitrogen in leaves for these insects.
Turcek (1964) investigated with help of a small-scale field trial the effect of (among others)
N-fertilisation on some pest insects (Lepidoptera) related to Quercus petraea. He concluded
that no reliable results were obtained, probably due to the small-scale of the trial and
methodological errors (homogeneity of soil was not assured and the neighbouring plants were
affecting one another). With help of a literature study, Schuring (1982) tried to determine the
influence of fertilisers (a/o Nitrogen) on the development of forest insect pests. He concluded
that N-fertilisation had a negative influence on the most important oak-defoliating insects (i.e.
less defoliating activity of Tortrix viridana and Operophtera brumata). His conclusion for
these species is solely based on Turcek (1964) and cannot be accepted.
In industrial areas with NO2 pollution increasing numbers of the major oak defoliating insects
were observed. Any damage directly caused by NO2 deposition is said to be increased by
these leaf-feeding insects (after Sierpinski in: Huttunen, 1984). Unfortunately, most research
done on interactions between air pollutants (like NOx) and insect pests of trees is superficial
and uses the ambient air quality, without measuring the concentrations of specific pollutants
(Smith, 1981).
Recently, Thomas and Schafellner (1999) found that cultivation with excess Nitrogen only
slightly (but significantly) decreased the total phenolic compounds in Quercus robur
seedlings and protein precipitation capacity11 in Quercus petraea seedlings. The total phenolic
and tannin concentrations as well as the protein precipitation capacity were measured which
are all indicators of allelochemical defence mechanisms. The combined effects of drought
11

Protein precipitation capacity: the capacity to solidify previously dissolved proteins from a solution, which makes these plant
proteins indigestible for herbivores and/or inhibits the digestive enzymes of the insects.
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(only four times measured) and excess Nitrogen gave the most severe reduction in tannin
concentration, protein precipitation capacity and in the ratios of tannins and protein
precipitation capacity to foliar N, in Quercus robur seedlings (not petraea). They hypothesise
that a combination of drought and excess Nitrogen greatly increases the possibility of insect
defoliation in Q. robur stands.
The relation between Nitrogen and insects is extremely complex. Only indications, which
favour the hypothesis that increased Nitrogen deposition has a positive effect on oak
defoliating insect populations, are found in literature. However, direct evidence is still
lacking.
Effect on oak-Phytophthora relations
Phytophthora species are naturally occurring in Europe and somehow the host-parasite
relation must have become unbalanced (increase impact of Phytophthora, see paragraph
5.3.2). Excess Nitrogen in forest ecosystems (see Nilgård, 1985) is often mentioned as
important in unbalancing host-pathogen relations (see Jung, 1998, Jung et al., 2000).
First of all, much depends on the form in which the Nitrogen is deposed: Nitrate or
Ammonium. In general, it is suggested that increased Nitrogen, decreases the fine root mass
and ratio between root and shoot (shoot/root increases), which than is supposed to increase
the susceptibility of the tree to this pathogen (see Jung, 1998).
Sporangial production is enhanced with increasing concentrations of Nitrate in soil filtrates
for a/o Phytophthora quercina, according to Jung et al., 2000 (using unpublished data from
Jung). The hypothesis that excess Nitrogen has a positive influence on Phytophthora remains
to be tested.
5.2.2 Increased climatic extremes
‘The Earth’s climate system has demonstrably changed on both global and regional scales
since the pre-industrial era’ (IPCC 2001). ‘A substantial part of the temperature changes over
the past century is due to antropogenic forcing’ (IPCC, 2001). Antropogenic and natural
forcing combined provide the best explanation for the observed temperature rise. The
atmospheric deposition of key antropogenic greenhouse gasses (CO2, CH4, N2O, and O3)
drastically increased due to the combustion of fossil fuels, agriculture and changes in landuse. The temperature (of land surfaces) has been rising (0.6±0.2 worldwide, 0.7 in the
Netherlands) over the 20th century. Precipitation increased as well (5-10%), mainly during the
winter half-year (see Können, 1999 and IPCC, 2001).
The environment indicates changes in temperature. The growing season lengthened by 1-4
days in the Northern Hemisphere, more southern orientated species are introduced in the
Netherlands and plants seem to flower earlier. The natural introduction of 2 new insect pests,
namely oak buprestid beetle and oak possession caterpillar, are illustrative (see IPPC, 2001,
Moraal, 1997 and 2002).
The synchrony of oak and associated insect (pests) may be disrupted due to increased spring
temperatures. In recent warm springs a poor synchrony was found between winter moth and
oak bud burst. This is rather profitable for the oak. However, other ecosystem interactions
may change as well, with unknown effects (after Visser and Holleman, 2001).
Extreme weather conditions are accidental and did not significantly change (increase in
frequency) in the Netherlands, according to Können (1999). However, according the IPCC
panel, it seems likely that the frequency of hot days (heat index) and heavy precipitation
events did increase during the 20th century. It is expected that climatic extremes (drought and
heavy precipitation) will increase during the 21st century (IPPC, 2001). The amount of frost
days seems to decrease in the Northern Hemisphere.
Extreme weather condition are mentioned as inciting factors in the oak decline (see e.g.
Thomas et al., 2002). Especially drought is mentioned as an important factor in the oak
decline spiral (see Siwecki and Ufnalski, 1997). Increased frequencies of extreme drought
may have a severe impact on oak vigour (especially in combination with other stress factors).
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However, oak is relatively drought tolerant. A simulation of natural (unmanaged) forest
composition development (600 years) subject to climatic warming (1.5K) showed an increase
in importance of drought tolerant species, in the Brandenburg area (Eastern Germany, a
relatively dry maritime climate). Due to a lower drought tolerance beech declines in the
simulation, whereas oak increases in importance (see Lasch et al., 2002). Thus, beech might
decline with climatic warming in drier regions.
5.2.3 Hydromorphic soils
In The Netherlands and Germany, some of the most severe oak decline is visible on soils with
seasonally extremely fluctuating water tables and availability in the rooting zone (see
Oosterbaan, and Nabuurs, 1991, Oosterbaan et al., 2001, Thomas and Hartmann, 1996, 1998,
Gaertig et al., 2002). These soils are classified as hydromorphic soils and mostly have an
aquitard (semi-permeable layer), above which rain water stagnates. Due to high clay contents
of these soils, the water content is still high at permanent wilting point and the difference
between water content at field capacity and wilting point are low (see Thomas and Hartmann,
1998). The aquitards reduce the water supply. Thus, during dry periods, the water availability
to the trees is severely hampered on these soils. In this way prolonged periods of
waterlogging are alternated by drought. Root biomass and density are reduced, which
decreases the tree’s vitality. It seems that Quercus robur is more effected than Quercus
petraea, due to the suggested higher tolerance of the latter species for dry circumstances (see
Thomas and Hartmann, 1996, 1998).
Soil aeration is found to be important for root density. Root growth and densities of both oak
species decreased with decreased soil aeration. Decreasing soil gas permeability increased
CO2 concentrations in the soil, which indicates insufficient aeration (see Gaertig et al., 2002).
Reduced soil aeration is found on compacted soils (e.g. vehicles) and on (seasonally)
waterlogged soils. Reduced root densities and growth makes trees more susceptible for
drought stress as common on hydromorphic soils.
Differences between ground water classes and oak decline have been suggested, concerning
The Netherlands (see Oosterbaan and Nabuurs, 1991). Significantly higher mortality was
found in classes III and V, than in VI12. However in later research no statistical significant
relation was found between groundwater class and oak dieback, due to a great variance in the
observations (see Oosterbaan et al., 2001).
Old oak trees have less plasticity towards extreme changes in hydrology and thus are thought
to be more susceptible for extreme fluctuations in groundwater. In recent years, groundwater
tables have often been raised artificially to reverse effects of desiccation due to groundwater
table lowering. This often caused serious problems in oak as well (Olsthoorn, 2002).
Summarised:
Excess Nitrogen, climate change and hydromorphic soils are mentioned as predisposing
•
factors in the oak decline spiral
It is hypothesised that excess Nitrogen results in nutrient imbalances in oak trees reduces
•
frost hardiness, increases risk to insect defoliation and Phytophthora attack.
The climate is changing (increased temperature and precipitation in winter half year).
•
Extreme droughts seem to increase as well. Southern insect pest colonised the
Netherlands during the last decade
The exact impact of excess Nitrogen or climatic change is largely unknown.
•
Hydromorphic soils (soils with an aquitard) are unfavourable for oak growth. These soils
•
increase the risk of drought stress.

12

III: average highest groundwater level (ahg): <25/40cm, average lowest groundwater level (alg): 80120cm. V, ahg: <40, alg: >120. VI, ahg: <40-80, alg: >120.
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5.3 Inciting factors
5.3.1 Microsphaera alphitoides
Live cycle
The oak mildew (Microsphaera alphitoides), which is a mostly host specific, obligate
parasite, belongs to the order of Erysiphales, known as powdery mildews. ‘Infection of host
plants by powdery mildew fungi can be accomplished either by ascospores (for mycological
terms see figure 5.2) or conidia’. However conidia
dominate the life cycle and are the primary means
of transportation and infection (Alexopoulos et al.,
1996). ‘Infection occurs when asexual conidia
germinate on the surface of an oak leave to give a
branching network of hyphae’ Ayres, 1976) After
conidia contact an oak leave they give rise to
appressoria (see fig. 5.3 for schematic drawing).
An appressorium develops a penetration peg,
which penetrates the cuticle (already degraded),
the epidermal cell wall and invaginates the plasma
membrane of the epidermal cell, where the
haustorium (absorptive organ) develops (see
Alexopoulos et al., 1996 and Ayres, 1976). After
establishment of the fungus, conidiophores
produce great quantities of conidia (that are
responsible for the name powdery mildew). In late
summer the production of conidia slows and,
sometimes, young ascocarps, with very
characteristic appendices, appear on the
mycelium. After the winter, asci emerge through a
split in the ascocarp and release ascispores (after
Alexopoulos et al., 1996). If these ascocarps are
not developed in autumn, climatic conditions
(probably warm summers) or the inability of two
mating types to come together might be
responsible (Ayres, 1976).
The hibernation of oak mildew mostly takes place
as mycelium in the highest buds of the spring
shoots that did not produce lammas shoots. These
buds show the greatest elongation and have
somewhat loosened scales, where the fungus
settles on the softer underlying tissue. In the next
spring the newly developed stem and basal leaves
often show the heaviest infection, because ‘these
parts were the first to become infected by the
mycelium present between the outer loosened
scales’ (Kerling, 1966). The infection of the spring
leaves and shoots expands rapidly until the leaves
have matured. After maturation no further spread
is found on the spring leaves and shoots (changes
in physical and chemical condition may be
responsible, but are poorly known, see e.g. Ayres,
1976). In mid June the lammas shoots develop Figure 5.2. Asexual and sexual reproductive organs
from buds on these spring shoots and become (derived from Butin and Lonsdale 1995)
readily covered with mildew, due to the conidia
on leaves of the spring shoots (Kerling, 1966). The May infection, which is mostly weak,
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supplies enough conidia for heavy infections of the lammas shoots or newly developed shoots
after insect defoliation (Leibundgut 1969).
Woodward et al. (1929) found that of the buds on shoots, which were severely attacked by
mildew the previous year, only up to 7.6% were infected with mildew. They suggested that
‘mildew only occasionally finds access and remains virile in oak buds throughout the winter’.
If lammas shoots were produced, the new growth was heavily infested, which also resulted in
a greater number of ‘primary’ infections the next year (Woodward et al., 1929).

Figure 5.3. The germination of a conidium (derived from Huyshauwer, 1997).

The influence of environmental conditions on Microsphaera alphitoides
Waraghai Shargh (1979) investigated the influence of relative air humidity and temperature
on the germination of oak mildew conidia. Temperature, relative air humidity and the
interaction between both factors are significantly explaining over 90% of the variance in
germination found. The maximal germination took place at a temperature of 22ºC, with a
relative air humidity of 85%. Between 18 en 22ºC and at relative air humidities between 70
and 100% germination conditions are optimal for oak mildew conidia. In general, 100%
relative air humidity has a somewhat negative influence on germination (Waraghai Shargh,
1979).
Although high relative air humidities (e.g. dew) are favourable for the germination of conidia,
conidia on leaves one hour after inoculation are found very susceptible for precipitation.
Seven hours after inoculation the influence of precipitation on the germination of conidia is
far less. Inoculated conidia that are not subject to precipitation within the first hours are able
to germinate and infest the leaves (after Huyshauwer, 1997). Thus, water contact in the first
hours after inoculation with oak mildew has a negative effect on germination. Huyshauwer
mentioned two reasons, namely the damaging effect of water on the conidia (see also
Zaracovitis, 1966) and the barrier working of water, which makes penetration of the leaves
impossible.
A mass development of conidia is of great importance, with regard to an epidemic spread of
oak mildew. The fungus seems to tolerate warm, dry summers, but these circumstances do not
have to be most favourable (Ayres, 1976). Leibundgut (1969) mentioned that dry warm
weather, with high radiation intensities, but with dew cool, clear, nights are favourable for an
epidemic spread of the disease. Waraghai Shargh (1979) found that a high temperature
(around 26º) and moderate relative humidity (45-65%) positively influence the production of
conidia. A lower relative air humidity (35%) as well as a saturated humidity (100%)
negatively influences the production of conidia.
Different stages of fungus development (germination versus growth: conidia production) need
or prefer different climatic conditions. Still, the conidia of oak mildew are able to germinate
in a wide range of temperatures and relative humidities in the field (Ayres, 1976).
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If mildew is to colonise oak leaves, certain conditions are of importance for a successful
establishment. Besides climatic conditions, soil fertility, water status and leave age influence
the establishment of oak mildew. Waraghai Shargh (1979) tentatively found that seedlings
with ample water and nutrient supply (NPK and spore elements) are more susceptible for the
establishment of oak mildew. He showed a positive effect per variable (nutrient status or
water supply) as well. However the experiments were qualitative of character, that is fertilised
or unfertilised and wet or dry. Only few seedlings (for the water stress experiment) were used
and repetitions were absent (both experiments).
If oak seedlings are supplied with ample water and nutrients, than more flushes are developed
in one-year time. These young leaves are extremely susceptible to oak mildew. After 18 days,
the susceptibility is found nil. However favourable water and nutrient supplies seem to
somewhat lengthen the days of susceptibility (Waraghai Shargh, 1979). The increasing
thickness of the cuticle during maturation is often mentioned as the reason for a decreased
susceptibility to oak mildew (see Kerling, 1969, Anon., 1956 and Woodward et al., 1929).
Ayres (1976), contrary to this observation, said: ‘although the upper and lower epidermis of
oak leaves differ in their waxiness and probably other features, they may be infected with
equal ease’. However, ‘the cuticle may still present a chemical barrier’. Phenolics in oak
leaves and hypersensitivity (isolation of pathogen in dead cells) are mentioned as defence
mechanisms (Ayres, 1976).
Thomas et al. (2002) noted on the infection biology of oak mildew: ‘ oak mildew cause heavy
infestation and substantial loss of foliar assimilation capacity [see later] only if the presence
of young leaves coincides with a high inoculum potential of conidospores’. These
circumstances coincide only during a short period in early summer (Thomas et al., 2002).
They mentioned that, circumstances like insect defoliation (see later), might enhance a later
flushing or regeneration of young leaves and prolong the effective period of infection.
Species specific and provenance specific susceptibility
Based on field observations, it is commonly assumed that the susceptibility of Quercus robur
is greater than the susceptibility of Quercus petraea (see Day, 1927, Anon, 1956, Rack, 1957,
Kerling, 1966, Leibundgut, 1969 and Ayres, 1976). Leibundgut (1969) was able to show,
through experiments, that Q. robur is more susceptible. He mentioned the greater toughness
of leaves and the irregular production of lammas shoots as reasons for the diminished mildew
susceptibility of Quercus petraea. The leathery leaves of Q. petraea should hamper insect
attacks as well, according to Leibundgut.
Rack (1957) and Leibundgut (1969) investigated the influence of Quercus provenance on the
susceptibility to oak mildew. Leibundgut found significant differences between seedlings of
different mother trees of the same provenance and between provenances of both Quercus
robur and petraea. For both species a gradient in susceptibility was found form west to east
with an increased susceptibility to oak mildew.
Rack (1957), concerning differences in susceptibility between oak trees, found 3 factors of
importance (in decreasing importance): phenology of lammas shoots growth, species (Q.
robur or petraea) and provenance (all German). However the differences, though significant,
were small. Both authors stressed the importance of site conditions on the susceptibility to
oak mildew. Rack (1957) mentioned these factors (like plant height and density, soil
characteristics and microclimate) to be dominating.
Finally, individuals that flush earlier might have mature leaves before the conidia production
has developed to any extent (Anon., 1956).
The origin of Microsphaera alphitoides
Two theories are proposed concerning the origin of oak mildew in Europe. Ayres (1976)
supposed it to be likely that the ‘oak’ mildew was already present in Europe for hundreds of
years, but underwent a genetic change at the beginning of the 20th century. Other authors
assume that Microsphaera alphitoides originates from America (see Woodward et al., 1929,
Heybroek, 1998). However, little is known about the true origin of oak mildew so far. The
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first outbreaks in Europe were reported during the first decade of the 20th century (see a/o.
Day, 1927, Leibundgut, 1969, Viney, 1970 for older sources).
The influence of Microsphaera alphitoides on the photosynthesis of Q. petraea and Q. robur
Oak mildew influences the host through nutrient uptake (Hewitt and Ayres, 1976), with use of
an absorptive organ: the haustorium (Alexopoulos et al., 1996) and through ‘preventing the
leaves from developing their full photosynthetic potential’ (Shaw, 1974). These effects
hamper the growth of shoots or seedlings (Murray, 1974).
In one of Jarvis’ (1964) experiments concerning light requirement of first year Quercus
petraea seedlings, oak mildew infections occurred. Due to this mildew attack the
compensation point for dry weight increment increased from 2% (experiment without
mildew) to 8%.
Newsham et al. (2000) found a reduction of 14% in PSII (photo system II) quantum efficiency
(a measure for photosynthetic capacity) for Q. robur leaves infected with Microsphaera
alphitoides.
As soon as 48 hours after infection, Hewitt and Ayres (1975) found a reduction in net
photosynthesis of almost 50% in severely oak mildew infected leaves of one-year-old Q.
robur seedlings. The net photosynthesis continued to decrease during the other five days of
this experiment. They found that the decrease in net photosynthesis was not directly related to
a changed water status of the leaves, during seven days. A reduction in chlorophyll content in
infected leaves might partially explain the decrease in net photosynthesis (see Brüggemann
and Schnitzler, 2001). In a following experiment Hewitt and Ayres studied the influence of
oak mildew on carbohydrate (‘building material’) levels and translocation on Q. robur
seedlings (Hewitt and Ayres, 1976). The infected leaves, on seedlings otherwise healthy, had
a reduced export of photosynthate and an increased import. After seven days, the difference
of carbohydrate levels between infected and healthy leaves was approximately the level of
storage substances of oak mildew in the leave (polyols and trehalose). In the field many of the
seedlings’ leaves are often covered with mildew instead of a single leave per plant. The
resulting reduction in net photosynthesis and photosynthate starves the growing points of the
seedlings (Hewitt and Ayres, 1976).
If the habitat of the oak seedlings is marginal due to heavy shade or extreme nutrient
deficiency, the above mentioned effects of mildew might be the ‘killing stroke’ for the
seedlings (Shaw, 1974) and hamper the growth of mature trees.
Consequences of oak mildew on growth and survival of seedlings and mature trees
In the first decades of the 20th century, oak mildew was seen as one of the major factors in the
oak decline in western Europe (see a/o Falck, 1923, Day, 1927, Woodward et al., 1929).
However, Dutch literature about oak mildew dating from this period seems to be absent.
Lammas shoots are responsible for 66-75% of the annual height growth of Quercus robur
(Oosterbaan and Verweij, 1987). The production of lammas shoots in Quercus petraea is
thought to be less and irregular (Leibungut, 1969) and, as mentioned, the main attack of
mildew is on the lammas shoots (Kelly, 2002, Kerling, 1969, Butin and Lonsdale, 1995,
Woodward et al., 1929). Few experiments have been conducted on the influence of oak
mildew on the growth of Quercus seedlings.
Woodward et al. (1929) found that dry weight increment drastically increases in 1 and 2 year
old seedlings without or with little oak mildew (due to spraying with colloidal Sulphur, Ialine
or Cosan). The height increment may be increased, but differs per climate, soil and water
condition. Dry weather decreases the occurrence of lammas shoots on seedlings and thus the
height growth. Since the lammas shoots are mostly effected by mildew, years without much
lammas shoot development show small or no difference in height growth between the control
and treatments. Still dry matter increment was much lower in the untreated control during dry
weather as well (Woodward et al., 1929). Furthermore, phenological differences between
Quercus robur and petraea (lammas shoot development irregular for Q. petraea) may be
responsible for the observed differences.
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In the above mentioned experiment of Jarvis (1964), the mildew caused loss of leaves on
many plants and the stems of some seedlings were affected as well, which ultimately caused
death. Jarvis mentioned about the infected seedlings that: ‘at the end of the season the stems
were very slender, green, soft and non-woody’ and unfitted to survive the winter or
competition with species like Deschampsia flexuosa.
Waraghai Shargh (1979) investigated the influence of oak mildew on height growth and frost
hardiness of Quercus petraea (and Quercus indet.) seedlings in open ground experimental
plots. He concluded that one or two years of mildew control (with Benomyl or Triforine) had
no effect on the height growth of 1, 2, 3 and 4-year-old seedlings (whereas the mildew was
drastically reduced by these measures). However the extremely low height increment after
one growing season (3.2 to 4.5 cm) indicates that other (overruling) stress factors cannot be
excluded. This is emphasised by a similar degree of leading shoot dieback on treated and
control seedlings during the growing season. The average height of the lammas shoots was
about 2 to 3 times more than the average height increment for the same plants in the same
year. This indicates that most of the lammas shoots were lost or never produced (and in that
case only those seedlings with lammas shoots were taken into account, which gives an
overestimation of the average length). Furthermore, no measurements of abscission or height
growth were made after winter. According to the same author the frost hardiness of the upper
lammas shoots and buds was not influenced by oak mildew. The frost experiments were
executed on lammas shoots, which were cut from the seedlings, whereas other frost
experiments are conducted on whole seedlings (see Thomas and Ahlers, 1999). Furthermore,
the experiment was performed up to two days after cutting. Finally it should be stressed that
application of chemicals to prevent mildew infection might inhibit plant growth.
In the Killarney National Park (Ireland), Quercus petraea seedlings were monitored for 25
years in an enclosure with one part in a clearing and one part under a canopy (see Kelly,
2002). ‘In the first two years, infection was much more widespread and severe in the clearing’
(for instance: 23% of the unshaded seedlings were severely infected compared to 4% of the
shaded seedlings in year one). The leaf count increased in infected seedlings. Unfortunately,
no data on seedling height are published. Kelly (2002) concluded that in these woods, without
climatic stress, mildew had no lasting effect. However, he observed that the clearing has
developed in a dense young birch wood, which might hamper a successful establishment of
Quercus petraea in the canopy. It is clear that height growth is of utmost importance under
these circumstances and thus hampered height growth of seedlings in the first years might be
of extreme importance in later years.
In The Netherlands only recently research has started on the effect of mildew on height
growth and results are yet to be yielded. However it is found that severe mildew infection on
seedlings and saplings is mostly restricted to open land and clearings (high light intensities).
In closed forests the role of oak mildew on seedlings seems to be far less (personal
communication Jacobs, 2003). Both light and the production of lammas shoots are thought to
influence the occurrence of mildew. Light probably has a direct positive influence on mildew
(increased UV-B radiation: Newsham et al., 2000) but enhances the production of lammas
shoots as well (see Chaar et al., 1997).
Based on observation in the field, damage by mildew ‘is reflected in reduced growth, reduced
acorn crops, imperfect ripening off of shoots, increased liability to attack by secondary
parasites’ (Murray, 1974) and shrubby growth (Leibundgut, 1969). The combined effects of
oak mildew and other stress factors (like spring defoliation by caterpillars, drought and late
frost) are often mentioned as extremely harmful (see Gibbs and Greig, 1997, Siwecki and
Ufnalski, 1998, Hartmann and Blank, 1998, Oszako, 2001 and Thomas et al., 2002).
Especially the combined effect of insect defoliation of the May flush and mildew infection of
the lammas shoots is thought to be disastrous (see Day, 1927, Anon., 1959, Leibundgut, 1969,
Leffef, 1988 and the above mentioned sources).
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The combination of stress factors will be treated in more detail at the end of this chapter.
Summarised:
The live cycle of M. alphitoides is dominated by conidia. Hibernation takes place as
•
mycelium in buds. Some of the spring leaves are infested, enough to heavily infect the
lammas shoots in June.
Infection of leaves is hampered by direct water contact, but a high relative humidity is
•
favourable. Epidemic spread of conidia often occurs at higher temperatures (>20º) and
moderate relative humidity (50%).
The phenology of lammas shoots is important for the susceptibility to oak mildew. High
•
production of flushes (high moisture and nutrient supply) increases the susceptibility.
Mildew reduces the photosynthesis (50%!), which is not related to a changed water status,
•
but probably due to a reduction of chlorophyll. Reduced export and increased import of
photosynthates occurs in infected leaves.
Oaks in clearings are often more heavily infected, due to increased radiation (UV-B) and
•
increased production of lammas shoots.
Plant (mainly seedlings) growth may be hampered. Especially height growth is of
•
importance in forests.
Combination with other stress factors is extremely harmful.
•
5.3.2 Phytophthora
A root pathogen abroad often mentioned as strongly involved in oak decline is Phytophthora
(see Jung, 1998, Jung et al., 2000, Blaschke, 1994). Phytophthora species damage the fine
root system. Furthermore, the crown transparency increases with Phytophthora infection
(Jung et al., 2000). They found that the status of the fine roots is of great importance for the
overall crown status in Phytophthora infested stands. The crown status was far less correlated
to root characteristics and the differences in root parameter were far less between declining
and healthy oaks in stands not infested by Phytophthora (see Jung et al., 2000).
Phytophthora species are confined to soils with a pH (CaCl2) ranging between 3.5 and 6.6.
The soil texture is of importance; on heavier soils (more loamy or clayey soils) Phytophthora
is found at lower pH values, whereas with increasing pH value the soil texture decrease in
importance (Jung et al., 2000). No Phytophthora species were found in soils with a pH
(CaCl2) below 3.4 (below 4.2 measured in H2O). Especially hydromorphic sites are mentioned
as favourable for Phytophthora infestation (see Jung et al., 2000). Free water and
exchangeable Calcium were found of importance as well.
Phytophthora quercina, a new Quercus specific species (first described by Jung et al., 1999)
plays a major role among the Phytophthora species due to its widespread occurrence,
plasticity concerning site conditions and aggressiveness towards its host (Jung et al., 1999,
2000). They assume that Phytophthora is the primary cause of some of the observed oak
decline (on the base richer soils).
So far, no Phytophthora species are found neither in (declining) oak stands nor in other Dutch
woodlands ( De Kam et al., 1990, Oosterbaan et al., 2001). However, the more loamy soils of
the ice pushed ridges, the loess soils, the brick soils and the clayey soils are all potentially
good habitat for Phytophthora. Oosterbaan et al. (2001) found oak decline to be most severe
on hydromorphic soils. Research on the root systems of these oaks, which has not been
conducted on these sites as yet, might well isolate Phytophthora species.
5.3.3 Collybia fusipes
In France, Collybia fusipes is described as a primary root pathogen on oak as well (Marçais
and Caël, 2000, Marçais et al., 2000, Piou et al., 2002). Quercus rubra, secondly Quercus
robur and to a lesser extent Quercus petraea are found susceptible to this root pathogen
(Marçais and Caël, 2000, Piou et al., 2002). The presence of basidiomes is associated with
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significant root infections, whereas the state of the crown is found a poor indicator of root
infection with this pathogen. Only late in the infection process water conduction and nutrient
transport are thought to be affected by this pathogen. Declining crowns were observed late in
the infection process (with a severe level of infection) as well. The pathogen may be abundant
and infect many trees in a stand, whilst tree mortality remains low and the decline is chronic
(Marçais et al., 2000). The more vigorous, presumably older trees, were effected most by this
pathogen (Marçais et al., 2000, Piou et al., 2002). Collybia fusipes seems to favour soils with
a lower water-holding capacity, whereas the species avoids waterlogged soils. The trees might
be able to withstand greater loss of roots, since water availability is not limiting or Collybia
development might be hampered in these soils (Marçais et al., 2000).
The species is mostly found in deciduous or mixed forests on nutrient poor dry sandsoils and
on calcareous loam in The Netherlands. But, so far, has not been linked to oak decline and is
even somewhat diminished in abundance (Nanta and Vellinga, 1995).
5.3.4 Defoliation by invertebrates
Introduction
More insects are associated with indigenous oaks than with almost any other tree or plant in
Northwest Europe. Foliage is the most important food source provided by the oak tree
(Morris, 1974). The tree itself won’t appreciate all insects it is associated with. However few
tree species are so well adapted to insect spring defoliation as oak trees. The frequent
production of lammas shoots is a trait that enables the tree to remain a proper height growth
even after spring defoliation (see Weeda et al., 1985). Through the production of lammas
shoots oak tree can withstand repeated defoliation of primary growth (Gradwell, 1974). Most
of the height growth does not even depend on the May shoots, but on the lammas shoots
(Oosterbaan and Verweij, 1987).
After June little damage associated with defoliation on oak leaves is found. The early
hatching of defoliating insects in spring is very risky and highly depends on an early opening
of the oak buds (Gradwell, 1974). Thus ‘some change or combination of changes occurs in
oak leaves over a period of only 2-3 weeks in late May, which has a markedly adverse effect
on the larval growth rates, pupae weight and adult emergence of defoliators’ (in this research’
case: winter moth, Feeny, 1970). The tannin content of the leaves increases from 0.66% in
April to 5.5% in September leaves. Furthermore, the Nitrogen content of the leaves was
around the end of May about half of the content measured at bud break (see Feeny, 1970). He
suggested that the early feeding of larvae might greatly be governed by the occurrence of high
Nitrogen contents in spring leaves.
In The Netherlands (and much of Northwest Europe) most of the defoliation is caused by
Tortrix viridana (green oak roller moth), Operophtera brumata (winter moth) and to a lesser
extent Erannis defoliaria (mottled umber moth) and the leave wasp Periclista lineolata
(Leffef, 1992, Moraal, 1998, Thomas et al., 2002, Gradwell, 1974, Feeny 1970).
Effects of defoliation
Defoliation of oak trees and seedlings by caterpillars for two subsequent or more years often
results in high tree mortality (Gradwell, 1974, Leffef, 1988, 1992, Thomas et al., 2002,
Oosterbaan et al, 2001). The height growth and number of open buds of oak seedlings are
drastically reduced by (subsequent) defoliation(s). Gradwell (1974) found decreases in height
increment of 50% after two defoliations within a month (one mimicking frost, the other 3
weeks later, insect defoliation). The second year this trend continued.
Defoliation reduces the assimilating leaf surfaces and causes loss of photosynthates (Thomas
et al., 2002, Shaw, 1974). The loss of photosynthate makes relocation of energy in trees and
seedlings necessary (Shaw, 1974). Oak trees and seedlings are known for their taproot system.
The taproot contains great quantities of starch reserves (Ziegenhagen and Kausch, 1995),
which are, as a consequence of defoliation, substantially lowered or depleted (Thomas et al.,
2002). Due to the reduced assimilation in the maximum growth period and the abovedescribed replacement of leaves from starch reserves much weight increment is lost. Further
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so, because the newly produced leaves can only be used for half a growing season (Shaw,
1974)
Probably as a consequence as well, latewood formation is hampered or completely lacks after
two or more subsequent years of insect defoliation (Gradwell, 1974, Hartmann and Blank,
1992, Blank and Riemer, 1999). However, mostly a combination of stress factors is
responsible for a loss in diameter increment (see Gieger and Thomas, 2002, Hartmann and
Blank, 1998), but with a primary role for insect defoliators on the loss of late wood
production (Blank and Riemer, 1999). Drought stress during the summer might inhibit the
development of lammas shoots and in that way further reduce the vitality of already stressed
trees (see paragraph 5.3.6).
Fine root biomass is found to decrease after two subsequent years of spring defoliation,
whereas the transpiration per unit leaf area increased (Gieger and Thomas, 2002). The most
severe decline symptoms on oak are often found on hydromorphic sites in The Netherlands
(see Oosterbaan et al., 2001). On these sites, with shallow rooting oaks, insect defoliation has
an increased negative impact (Oosterbaan et al., 2001, Thomas et al, 2002).
Defoliation of seedlings is found to be more severe under closed canopies than in gaps or in
open land (some distance away from older trees). Defoliators that fall from the canopy may
attack seedlings during May and June. Under dense tree canopies heavier defoliation is found
than beneath open canopies. Beneath dense oak canopies the heaviest defoliation is found
(after Shaw, 1974, Humphrey and Swaine, 1997, Smit et al., 1998). The failing regeneration
of oaklings beneath mature oak stands might for a large part be caused by infection with pests
carried over by mature oak trees according to Shaw (1974).
Reports on increased insect defoliation during the last century are numerous throughout
Europe (see Oszako, 2000, Gibbs and Greig, 1997, Hartmann and Blank, 1998, Thomas et al.,
2002) and The Netherlands (see Leffef, 1988, 1992, Oosterbaan, 1988 Oosterbaan et al.,
2001, Moraal, 1999). The amplitude of the pests, which is the intensity of the pest, seems to
increase the last decades (Moraal, 1999, Müller-Edzards et al., 1997, Leffef, 1988).
The vitality of Quercus petraea and robur (no distinction made) is directly related to the
amount of insect defoliation in the same year as well as in preceding years (see Table 5.1 and
5.4). The abundance of the three most important defoliating insects in the period 1946-1987 is
shown in figure 5.2 (after Leffef, 1992). The insects’ occurrence and abundance is fluctuating,
but clearly trends to increase. The fluctuations in abundance are likewise for Operopthera
brumata and Tortrix viridana (Leffef, 1992). It should be stressed that the reports are not
based on a standardised observation system and might not totally reflect the true yearly
situations (as Leffef did mention in 1988). In the nineties the extremes (amplitude) further
increased (Moraal, 2002)
Table 5.1. The vitality of the Dutch oaks during the period
1984-1998 (after the Dutch inventory on forest vitality
1984-1994 and 1995-1998).
Vital
Less vital
Little vital
Not vital
1984
57
38
4.5
1
1985
40
39
19
2
1986
29.5
41.5
20.2
8.8
1987
19.9
46.8
25.4
7.9
1988
20.7
38.7
28.7
11.9
1989
35.0
39.4
17.9
7.7
1990
49.5
32.9
12.9
4.7
1991
54.1
34.9
7.7
3.3
1992
13.5
41.3
37.5
7.7
1993
39.6
40.7
16.1
3.6
1994
68.8
24.5
4.6
2.1
Data series ended continued with 51 plots more thoroughly investigated
1995
58.4
28.8
10.8
2.0
1996
27.9
36.6
23.8
11.7
1997
37.6
30.0
20.2
12.1
1998
46.0
33.8
14.5
5.7
Data series ended

Table 5.2. The amount of insect defoliation during the period 19801994 and 1995-1998. L (light): <25% leaf mass. M (moderately): 2660% leaf mass. H (heavy): >60% leaf mass. Inventory 1995-1998 used
classes 0-10, 11-25, 25-60, 61-100% of leaf mass. After the Dutch
inventory on forest vitality 1984-1994 and 1995-1998.
Defoliation
L
M
H
No data available. Severe defoliation in the period 1980-1984
(Leffef, 1992).
1986
41
8
2
1987
60
8
1
1988
71
9
1
1989
73
14
5
3
0
1990
92
1991
71
0
0
1992
51
3
0
1993-94
No data, locally defoliation.
(in %)
0-10
11-25
26-60
>60%
1995
56.1
26.1
15.6
2.2
1996
34
29.3
26.7
10.1
1997
36.2
31.9
22.5
9.5
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Figure 5.4. Reports on defoliation of
Quercus robur during the period 19461987. A (amount of defoliation) = 1*L
(light) + 2*M (moderate) + 3*H
(Heavy). Note that, the observation
methodology may have differed during
this period. After Leffef, 1992

5.3.5 Ungulate pressure and oak regeneration
Red and roe deer
So far biotic pressure in form of fungal and insect pests has been discussed. However
ungulates greatly influence the development of woodlands (various authors in: Van Wieren et
al., 1997). Three ungulate species are of importance in the Dutch forests: wild boar (Sus
scrofa scrofa), red deer (Cervus elaphus) and roe deer (Capreolus capreolus). The first two
species are mainly restricted to the Veluwe area, whereas roe deer are abundant throughout
The Netherlands. Red and roe deer are ruminants. Roe deer are browsers (meaning that
mostly cellulose poor food is digested: leaves of trees, shrubs and herbs), whereas red deer are
intermediate feeders (both cellulose rich and poor food is digested: grasses and leaves, after
Groot Bruinderink et al., 1997a). Wild boar, a non-ruminant, is classified as an omnivore.
Exclosures in grazed woodlands is a widespread technique to investigate the influence of
herbivore pressure on woodland regeneration (see Kuiters et al., 1997, Goudzwaard et al.,
2001a,b, Hees et al., 1996, Smit et al., 1998 and Kelly, 2002).
All experiments conducted in the Veluwe area are unanimous in their results: given the
current grazing pressure the regeneration of Quercus robur and (perhaps somewhat less)
Quercus petraea is severely hampered and mostly fails (see Kuiters et al, 1997, Hees et al.,
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1996, Goudzwaard et al., 2001a,b, Smit et al., 1998)13. Of the deciduous species, only Fagus
sylvatica is able to regenerate, whereas coniferous trees (dominated by Pinus sylvestris) are
less effected, given current grazing levels (see especially Kuiters et al., 1997). Thus grazing
intensities at current levels results in monotonous, even-aged forests of browse tolerating
species, e.g.: Pinus sylvestris (heathland, clearings and large gaps), Fagus sylvatica (beneath
pine, oak, beech) and Pseudostuga menziesii (beneath Douglas fir, after Kuiters et al., 1997).
In springtime, summer and autumn, the buds and leaves of Quercus (robur) are favoured in
the roe deer’s menu (50-70%, Hazebroek and Groot Bruinderink 1995). Red deer are more
opportunistic, with high amounts of wavy hairgrass and bill- or cowberry in their (winter)
menu, (see Groot Bruinderink and Hazebroek, 1995), but are found capable enough of making
oak (and most other deciduous species) regeneration impossible (see Smit et al., 1998).
A simulation model (FORest GRAzing: FORGRA) has been developed to describe the
interactions between forests and ungulates (see Jorritsma et al., 1997a, Jorritsma et al.,
1997b). Different scenarios, within different forest types and with differing numbers of
ungulates were analysed. Table 5.3 summarises the scenarios, concerning red and roe deer
grazing and browsing, based on the FORGRA model (after Jorritsma et al., 1997b).
Table 5.3. Overview effect of 100 year of grazing on the development of 7 different forest types. I: forest
disappears within 100 year, II: forest remains, but regeneration disappears, III: forest remains, but regeneration
develops towards mainly pioneer species, IV: forest remains, without changes in regeneration composition, but
with fewer juveniles, V: forest remains, no influence on regeneration. After Jorritsma et al., 1997b.

Ungulate species
Number per 100ha
Birch-oak wood on driftsand
Pinus sylvestris wood
Quercus robur wood
Sessile oak-beech wood on ‘holt’ podzol.
Pinus sylvestris (without bracken) wood
Pinus sylvestris (with bracken) wood
Quercus robur wood
Fagus sylvatica wood
mixed forest wood

1

roe deer
7
15

1

red deer
3
10

III
V

III
II

III
II

III
II

III
II

I
II

V
III
V
V
IV

II
II
IV
IV
II

II
II
IV
IV
II

II
V
IV
IV
II

II
II
III
II
II

II
II
II
I
II

The following was concluded (see Jorritsma et al., 1997b):
1. Low densities of red and roe deer are of consequence for the forest development as well
2. Influence of ungulates increases with increasing density and weight of the animals
3. 100 years of grazing with densities of 10 red deer per 100ha is disastrous for forest
regeneration. Oak and beech are favoured tree species for consumption
4. Roe deer even more strongly favour oak for consumption than red deer. Thus even at the
lowest densities the regeneration could develop towards pioneer species in some
circumstances (pine on driftsands, pine without bracken woodlands).
In general, the development towards deciduous forest is hampered and in most forest types
only possible at densities of less than 3 red deer ha-1 or 7 roe deer ha-1. The effect is far
stronger for oak than beech (Van Wieren and Kuiters, 1997).
Some assumptions have been made that overestimate the effects. Summarised:
1.
2.

The model does not supply in a feedback of the ungulates’ ability to cope with the environment
(mainly food availability) to effects on the forest.
The model may provide a diet, which cannot sustain a deer population

13

Kuiters et al: 60 red deer, 80 roe deer on 1250ha: 47 kg dry matter consumption ha-1y-1. Hees et al.:
4-5 red deer, 5 roe deer per 100ha. Goudzwaard et al.: 80-85 red deer, 150-200 roe deer on 4000ha.
Smith et al.: 1072 red deer, 351 roe deer on 5000ha.
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3.
4.
5.
6.
7.

In the start situation the model is based on one forest type, whereas in reality grazing takes place in
a heterogeneous forested landscape (part of the regeneration in less frequented places might
survive)
Population dynamics are not used as feedback ( a dip in the deer density might well deliver the
forest with adequate regeneration for the next generation)
The interactions between different ungulates are not taken into account
Only one starting situation per forest type has been calculated. However the structure of forest is of
consequence for the model output
The amount of seedlings and saplings in a forest type is a source of uncertainty

It might be that in reality forest won’t disappear and the development to Pinus-dominated
woodlands won’t really be hampered. However deciduous species (and certainly Quercus
robur) regeneration will be severely set back (Van Wieren and Kuiters, 1997).
Wild boar
Wild boars prefer to root in deciduous forests (especially oakwoods), probably because the
below-ground food supply is greater in these forests than in coniferous forests (Groot
Bruinderink et al., 1997b, Welander, 1999). The rooting of wild boars is often mentioned to
result in germination beds for seedlings of tree (oak) and shrub species (see Ten Cate, 1972).
Soil aeration is positively effected and decomposition and mineralisation of organic matter is
enhanced. More nutrients are directly available and organic matter will decrease. Leaching
will be enhanced, which results in a decrease of Nitrogen Organic matter and pH on the
longer term (see Singer et al., 1984). However, oak germinates best in more humid
environments beneath a litter horizon (Shaw, 1968, 1974). A thick mat of roots may inhibit
regeneration (Shaw, 1974) and in these circumstance scarification might result in better oak
germination. A germination bed implies that mineral soil is brought to the surface and mixed
with humus (litter and fermented material).
In The Netherlands, ‘rooting’ in most cases only means that litter has been shoved aside (as
observed by Groot Bruinderink et al., 1997b, Groot Bruinderink and Hazebroek, 1996). The
superficial rooting might explain the observed lack of changes in organic matter percentage,
Nitrogen percentage and pH of the upper soil. However in a plot that had been rooted for 60
years (40head km-1) no changes in soil characteristics were found compared with a
neighbouring plot that had not been rooted for 60 years. It is suggested that acidity and poor
nutrient availability are responsible for the observed lack of changes (Groot Bruinderink and
Hazebroek, 1996). Wild boars were found to forage on a regular basis at the same location,
which implies that a possible positive effect will be undone in a short time span. Rooting was
found to have a slightly negative effect on seedlings of the oak species and beech: the heavier
the rooting the less the rejuvenation compared to two years earlier. Incidental rooting seems
to have no effect on regeneration (Groot Bruinderink et al. 1997b, Groot Bruinderink and
Hazebroek, 1996).
The artificial high densities (due to winter-feeding, roads and fences) of 2-4 wild boars per
100ha are so high that the same places are frequented too often, which undoes a possible
positive effect (see Groot Bruinderink et al., 1997b, Groot Bruinderink and Hazebroek, 1996).
Furthermore, the widespread occurrence of artificial ungulate meadows is found to be of great
importance as food supplier during poor mast winters, in the Veluwe area. In these meadows
deep rooting is a common practice of wild boar (Groot Bruinderink et al., 1997b).
Cattle
Cattle have been important in the historic pasturage systems (see chapter 2). Nowadays, cattle
are introduced in the Dutch woodlands once again. At first instance cattle were used as a
(relatively cheap) management tool to reduce the Deschampsia-dominance, later to increase
the naturalness of forests (based on the assumption that the extinct auroch has been important
in the natural Dutch forests).
Even though, cattle are grazers, branches, twigs and bark of trees may readily be consumed
during winter (see for a review Van Vuure, 2003). The effect of cattle on different woodland
types within a time-span of 100 years as calculated by FORGRA is disastrous. Two woodland
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types disappear under influence of only one animal per 100ha (first generation Pinus
sylvestris wood on drift sands and Fagus sylvatica wood on holtpodzol). The fact that these
forest types disappear is largely due to a lack of food, which forces cattle to consume all of
the regeneration. All other forest types (see table 4.3) will remain forest, but with (slowly)
disappearing regeneration.
Earlier (chapter 2), oak was mentioned to be favoured in cattle grazing systems (as described
by Rackham, 1980, Pott and Hüppe, 1991). The above-described effect of ungulate
(especially cattle) grazing on oak regeneration seems to contradict these findings. However:
Protective measures were taken. In the pasturage systems swine and cattle were present
•
only during parts of the year (mostly spring and summer time were prohibited, Dirkx,
1998).
Oaks are relatively well protected against moderate browsing:
•
- Tannins, development of lammas shoots and suckers.
- Able to withstand repeated total shoot removal (Shaw, 1974).
- Other species are more palatable (like linden, ash and elm).
Cattle are grazers, only during wintertime woody parts are consumed, were browsers (like
•
roe deer) consume woody parts year round (which does not imply that cattle will not
consume large quantities of woody parts if forced).
The coniferous species are even less palatable than oak.
•
The great negative influence of red and roe deer and wild boar on oak regeneration is largely
due to the unnatural high population density, in an area not that suitable for these species
(nutrient poor circumstances), without natural fluctuations.
5.3.6 Climatic extremes: drought and frost stress
Both indigenous oak species are well adapted, both morphologically and physiologically, to
postpone desiccation (see for a summary: Thomas and Gausling, 2000, Thomas et al., 2002).
Morphological adaptations are thought to be more important in the acclimation process,
especially under severe drought conditions (see Thomas and Gausling, 2000).
Still, severe drought during the growing season is mentioned as possible cause of oak decline
in north-western Europe (see e.g. Gibbs and Greig, 1997, Hartmann and Blank, 1998,
Donaubauer, 1997, Siwecki and Ufnalski, 1997, Oosterbaan, 1988).
In The Netherlands oak decline has been reported during 1983-1986. Extreme summer
drought that was preceded by an extremely wet spring in 1983 and drought during the
growing season of 1982 are mentioned as possible causes of the decline (Oosterbaan and
Borgesius, 1986, Oosterbaan, 1988).
Absorption of CO2 and water release by stomata are linked, which makes growth and
transpiration proportional (see e.g. Mohren, 1993). Thus drought stress severely hampers
growth and carbohydrate reserves are used. Furthermore a shift in biomass partitioning from
the leaves to the fine roots is suggested (Thomas and Gausling, 2000). The ratio leaf-root
biomass decreased in Quercus robur and petraea seedlings (allowed unrestricted root
growth).
However drought stress is never seen as the sole factor leading to oak decline, but drought
stress decreases the vigour and may incite the tree to additional stresses (see e.g. Oszako,
2000, Siwecki and Ufnalski, 1997). Drought stress is often more severe on soils with
hydromorphic characteristics (Oosterbaan et al., 2001).
Besides drought, extreme frost during winter and spring frost are mentioned to influence the
oak’s vigour (see e.g. Hartmann and Blank, 1992). Under the prevailing Dutch climatic
conditions, extreme winter frosts are rare (see Heijboer and Nellestijn, 2002). However, the
Dutch oak decline of the mid-eighties was accompanied by sever frost after a warm autumn in
1984 (Oosterbaan, 1988). In Germany, ‘the present oak decline started in 1982-1983 and
culminated in 1987-1989 after three winters with severe frost’ (Thomas and Blank, 1996).
Therefore severe winter frost is seen as a primary actor in the German oak decline (Hartmann
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and Blank, 1992). Spring frost may have a severe impact on trees, because they are already in
a de-hardening phase. It is assumed that frost reduces the hydraulic conductivity. Dysfunction
of early wood vessels may be enhanced by extreme frost (see Hartmann and Blank, 1998).
Cold winters supposedly increase the risk of epidemic pests of defoliating insects (see Leffef,
1988). The average temperature of the coldest winter month should be taken into account,
according to this author. The same author proposes a model that describes the development of
defoliating insects. According to this model the eggs of Tortrix viridana hatch at the same
time in spring if during winter the temperature remains for at least one month (on average)
below zero degrees Celsius.
The climatic extremes (drought and frost) in The Netherlands during the last decades and their
impact on oak vitality can be summarised as follows:
Climatic extremes in the first period (1983-1986) of oak decline were cold winters (78/79,
81/82, and 85/86) and dry summers: 82,83,86). The effect of sudden occurring frost after a
relatively warm autumn (1986) had a clear effect on the oaks’ vitality (see table 5.1).
The years 1987-1992 show a trend of increasing vitality. However 1995 en 1996 show a
declining vitality once more. The winter of 95/96 was the coldest in the last decade, whereas
the summers were relatively dry and warm in both subsequent years (see Können, 1999).
Summarised:
The combined effects of oak mildew (Microsphaera alphitoides, see summary § 5.3.1),
•
Phytophthora, insect defoliation, ungulates and climatic extremes (drought and frost) are
found responsible for the Northwest European oak decline.
Phytophthora damages the fine root system. Potentially harmful in The Netherlands on
•
soils with a pH (H2O) above 4.2.
Insect defoliation increased in frequency and severity during the last decades. Insect
•
defoliation results in decreased assimilation and height growth.
The unnaturally high ungulate pressure in most of the Dutch forests severely hampers oak
•
regeneration.
Extreme climatic circumstances (like drought or frosts) often precede a period of oak
•
decline and dieback.
5.4 Contributing factors
Secondary fungi normally are unable to infect vital trees. However, declining or at least
stressed trees and stands may readily be infested. In the actual dieback of the oak trees,
secondary pathogens play an important role. Trees that could have recovered after retreat of
the initial stresses still die due to infections with secondary fungi (see Oszako, 2000, Tomas et
al., 2002, Murray, 1974). Armillaria mellea (responsible for root rot) is probably one of the
most feared secondary pathogenic fungi, but other Armillaria species (honey fungus) are
mentioned with regard to oak dieback as well. Armillaria bulbosa (is lutea, Pegler, 2000) is
observed as important in the decline syndrome concerning The Netherlands (De Kam et al.,
1990). ‘The pathogen invades root bark tissue and colonises the cambium’ (Kwasna, 2001).
‘Armillaria species are noted for their rhizomorphs’ (Alexopoulos et al., 1996), which are
used for foraging and are extremely persistent (Alexopoulos et al., 1996, Termorshuizen,
2000). The spread of this fungi may be through basidiospores and through root to root contact
(Termorshuizen, 2000).
Pezicula cinnamonea is mentioned as secondary pathogen of importance in The Netherlands
as well (see De Kam et al., 1990). Vangheel et al. (1997) found in experiments that
Ophiostoma is pathogenic. However the exact role in the decline of Quercus is debatable,
because differences between healthy and infected trees were often absent in their research.
The species is mentioned as responsible for bark necrosis. However De Kam et al. (1990)
were unable to isolate Ophiostoma from bark of declining oaks. Vangheel et al. (1997) were
76

able to isolate the species from the bark, but in only one of the two research areas and healthy
oaks were more often infected than diseased ones.
Agrillus biguttatus (oak buprestid beetle, a borer) is the most important of the secondary
insect pests (Moraal, 1997, 1998a, Moraal and Hilszczanski, 2000a,b, Thomas et al., 2002,
Oosterbaan et al., 2001). In The Netherlands, the larvae of Agrillus biguttatus were unknown
until 1997 (Moraal, 1997, 1998a). Recently, this borer beetle plays an important role in the
actual dieback of stressed oaks in The Netherlands and great parts of (West) Europe (see
Moraal and Hilszczanski, 2000a,b, Moraal, 1997, 1998a, Oosterbaan et al., 2001, Thomas et
al., 2002, Gibbs and Greig, 1997).
Summarised:
Contributing factors (the actual killing species) are Armillaria species, Pezicula
•
cinnamonea and Agrillus biguttatus.
5.5 Interactions
Always a combination of stress factors is mentioned as responsible for the outbreak of oak
decline. Thomas et al., 2002 developed a model that describes the major stress factors
responsible for the German oak decline (on soils with a pH ≤ 4.2) and their interactions (see
figure 5.5).

Excess N
Nutrient imbalances
Summer drought

Oak decline

Decrease in
concentration of
*
allelochemicals
Repeated
insect
defoliation
Intermittent
*
soil moisture

Mw
Winter frost
Spring frost
Chemical stress
exerted by the soil

Figure 5.5. ‘Conceptual model of the interactions of significant abiotic and biotic factors in the onset of oak
decline in Central Europe at acidic sites (pH (H2O ≤ 4.2’). Bold lines are the most significant factors. Broken lines
of large squares are hypothetically increased risks. Broken lines of bars symbolise increased risk. Broken lines of
small squares indicate that no significant risks nor increases of risks are found. ‘The sizes of the arrows symbolise
the importance of the respective factor combinations’. Mw means oak mildew and * means concerning Quercus
robur (after Thomas et al., 2002).

The exact influence of predisposing factors is mostly hypothetical and their interactions with
inciting factors are unknown. Excess Nitrogen deposition is mentioned as a possible cause for
the oak decline. Excess Nitrogen might reduce the frost hardiness of plants and might increase
the risk of insect defoliation. Furthermore the nutrient balance of the tree might become
disrupted. However none of these relations is significantly proved.
The influence of inciting factors is better understood. Oak decline caused by climatic stress in
form of severe drought and/or severe winter frost combined with repeated insect defoliation
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combined with pathogens like oak mildew is observed throughout (Northwest) Europe. All
these inciting factors interact and in that way strengthen the impacts of the sole factors. The
effects of inciting factors and their interactions are summarised below.
Insect defoliation
Growth will be reduced due to the removal of assimilating surface (Shaw, 1974).
•
New leaves are produced at cost of carbohydrate reserves (a/o starch in roots, Shaw,
•
1974), which increases the risk of frost stress (Thomas and Ahlers, 1999).
Root development is hampered, due to reduced root biomass production (Gieger and
•
Thomas, 2002, Kozlowski et al., 1991) which increases the risk of drought stress.
Lack of late wood production (presumably due to lack of carbohydrates, Hartmann and
•
Blank, 1992, Blank and Riemer, 1999), might reduce drought tolerance if combined with
destruction of early wood in the same year (due to frost).
Might increase the effective period of mildew infection, due to later regeneration of
•
leaves (Thomas et al., 2002).
Drought
More will be invested in the roots which might result in a significantly reduced ratio leaf
to fine root biomass (seedlings: Thomas and Gausling, 2000)
The assimilating surface is reduced, which costs the plant photosynthates and
•
carbohydrates, which again decreases frost tolerance (Thomas and Ahlers, 1999)
The foliar concentrations of alellochemicals might decrease, which enhances insect pests
•
(Thomas and Schafellner, 1999)
Reduced (height) growth, reduction in late-wood formation
•
Possible decrease in hydraulic conductivity (see Hartmann and Blank, 1998)
•
•

Mildew
Reduction in photosynthesis and assimilation, which results in reduced growth (Hewitt
and Ayres, 1975, Newsham, 2000)
Lack of carbohydrates (and hardening by seedlings), which again reduces frost tolerance
•
(e.g. Jarvis, 1964)
•

Frost
Decreased hydraulic conductivity and embolisation early wood vessels (Hartmann and
Blank, 1998), which increases the risk of drought stress.
Cold winters may hypothetical increase the risk of severe insect defoliation the next
•
spring (Leffef, 1988)
•

All these inciting factors have in common that growth is reduced. Height growth is of great
importance for seedlings in forest environments. Light is determining for the survival of
oaklings after a few years (see chapter 2). Especially species that demand light need to grow
fast. A reduction in height growth results in less competitive power and may result in failing
regeneration.
The regeneration of oak is problematic in Dutch woodlands. Besides reduced height growth
and unfavourable light conditions, mainly ungulate pressure is responsible for the failing of
oak regeneration. In many woodlands, the current grazing pressure is far too high for oak
(which is a moderately grazing tolerant species) to regenerate.
Mature oak trees are reduced in their competitive power by these inciting factors as well and
may be overtopped by other tree species. Furthermore, contributing pests now have the
possibility to colonise the stressed trees and kill them.
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5

Discussion

Contrary to what was supposed in the past, Tilia was an important and dominant tree species
in the Dutch and north-west European forests, during most of the Atlantic (see e.g. Greig,
1982). The Atlantic forests are often called Quercetum mixtum (mixed oak forests). This
name indicates that Quercus was the dominant species with some admixture of other tree
species like elm and linden. This conclusion cannot be maintained, based on research from the
last decades. However, this does not signify that Quercus was a minor part of the Dutch
forests. It is assumed that Tilia was dominant on the more loamy soils, whereas Quercus was
dominant on the sandy soils that are poor in loam. At small distances, almost pure stands of
Tilia and Quercus are found during the Atlantic (see Behre and Kucan, 1994). The difference
between these comparable stands was probably based on a small difference in loam content,
which favours the hypothesis that soil structure and quality (for a great part) determined the
composition of forest stands (at elevated sites).
Furthermore, even on (cover) sands, which are nowadays poor in nutrients and cations, Tilia
has been found as a dominant tree species (see Spek et al., 1997, 1999).
Since Tilia is a strong competitor for light (see Pigott, 1991), those sites dominated by this
species are less accessible for Quercus (which needs to be provided with at least 30% of
daylight after 4 years, Von Lüpke, 1998). Thus, only on the ‘lesser’, marginal soils Quercus
could effectively compete for resources. These soils are characterised by either less
favourable soil conditions (lower base saturation, nutrient or loam contents) or hydrological
conditions (very wet soils). Which does not imply that these conditions are very much
favourable for oak growth.
Forests are dynamical, ever changing systems. These dynamics (caused by storm, disease etc.)
probably enabled more light-demanding species like oak to establish and grow in Tiliadominated forests, even on the loamier, nutrient and base-richer soils. This might be largely
due to the fact that Tilia is a demanding species with regard to fertile seed production and
germination. Nowadays, fertile fruits are only produced if the temperature exceeds 20°C for
several hours during flowering, within abnormally warm summers (Pigott, 1991). Then again,
Tilia produces vigorous shoots from collapsed stems, which may form independent roots
(Pigott, 1991).
The openness of the Atlantic landscape is a heavily debated matter. It is commonly believed
that closed forests dominated the sand and loess soils (i.e. the Dutch elevated sites). Palaeoecological arguments against Vera’s theory (Vera, 2000) about a park-like half-open Atlantic
Dutch landscape have been summarised in chapter 2. Which does not signify that half-open
landscapes were absent in the ‘above-sea- level’ Netherlands, during the Atlantic. Periodically
disturbed sites, like river valleys, probably were covered with (Vera 2000) ‘a mosaic of
grasslands, scrubs, trees and groves in which large plant-eating mammals played an essential
role’. Furthermore, generally closed forests are a patchwork of ever-changing different
development stages, with constantly changing natural conditions. Differences in
environmental conditions will have resulted in diverse structured forests. For instance, forests
situated on poorer soils, probably had a more open structure than those situated on base-rich,
loamy parent material (see Casparie and Groenman van Waateringe, 1980, Odgaard, 1994).
The role of large herbivores in the Atlantic forests was probably small (Van Vuure, 2003,
Zeiler and Kooistra, 1998). The notable absence of any evidence for the occurrence of dung
beetles during this period (see Brussaard, 1985) is a strong indication for this theory.
Evidence for great influence of one special mammal, human, is notably absent as well. A
society based on a hunter-gatherer economy probably preferred those areas that were diverse
in landscapes as well as flora and fauna. The transitions from wet to dry will have provided
the best opportunities. Thus on the higher sandy soils (permanent) occupation was probably
mostly absent.

79

With the onset of an agriculture-based economy the influence of mankind on the Dutch
landscape rapidly increased. The forests were cleared for agricultural land and used as
pasturage. Human activity created more room for oak:
The opening of the forest resulted in increased light on the forest floor, which may have
a positive effect on a more light-demanding species like oak. Human disturbance in general is
badly taken by Tilia, mainly due to this species difficult regeneration. A more frequent seed
production (like for oak) increases the possibility of (re-) establishment of abandoned fields.
In natural forest systems fertile seed production and regeneration once a century should be
enough for a next generation (Rackham, 1980).
Grazing in the woodlands by domestic animals (cattle) had an extremely negative effect
on species like Tilia, which are preferred as fodder (Rackham, 1980). Cattle strip the bark
from linden trees up to a century old and in that way severely damage trees (Pigott, 1991). In
a comparative experiment on the effect of browsing, König (1976) found that Tilia cordata
was most severely browsed in summer (83%, versus ash: 51%, oak: 42, beech: 12%,
coniferous species: less than 10%). Clearly, Tilia is extremely sensitive to grazing, whereas
Quercus is one of the native species that can cope fairly well with moderate grazing.
The sandy soils (covering most of the higher Dutch landscape) decreased in fertility
(nutrient status, cation status, and base saturation), acidified and consequently podzolised. It is
supposed that on soils with a loam content beneath 10% soil acidification and podzolisation
are natural processes in temperate climates (Spek, 1996), which of course may have been
accelerated by human. The Dutch sandy soils have on average a loam content between 10
and 25% (Steur et al., 1985). On these soils human disturbance is responsible for acidification
and podzolisation (Spek, 1996). The clearance of forests removed nutrients and cations from
the system. More importantly bases (cations) were leached away with rainwater. The system
was no longer closed and the soil degraded. In soils with loam contents above 25% (loess
region), podzolisation does not occur (see Van Breemen, 2000). The process of soil
degradation increased the area were Quercus could become dominant and Tilia declined.
Thus, in the cultural landscape, the competitive balance between Tilia and Quercus shifted in
favour of the latter species, due to grazing and soil degradation.
The influence of climate on vegetation (from the Atlantic) remains a matter of debate. That
climatic extremes have locally influenced the vegetation and its composition seems clear
enough. It is often suggested that the change from a Tilia dominated forest type to a more
Quercus dominated type is due to climatic changes (e.g. Huntley and Prentice, 1993).
However the impact of human is grossly underestimated (see above). The fluctuations found
in climate are well within the limits of the native tree species (the climate remained a
temperate maritime climate, Zagwijn, 1986). Yearly weather extremes are of more
consequence (Rackham, 1980). The scale of human influence, supposedly, is far greater than
that of climatic fluctuations.
Tree species influence the soil through their litter quality. Quercus is a species with relatively
nutrient poor, acid litter. The litter of this species is only slowly decomposable, which results
in decreased base saturation, pH and soil fauna activity, due to the production of organic acids
(see e.g. Hommel et al., 2001). Soil acidification results. It is tentative to suggest that oak
might inhibit the development of other forest types, due to this soil acidification. Tilia for
instance, with already a low reproductivity, might be further hampered in regeneration in such
acid environments.
Fagus started to expand in The Netherlands around 3000BP. Fagus is even a stronger
competitor in relation with oak than Tilia was in the Atlantic forests. This is largely due to
this species greater tolerance for nutrient poorer soils. Furthermore, it is probably the most
grazing tolerant Dutch deciduous species. At the transition of the Bronze and Iron Age Fagus
replaced Tilia in most of those forests on the sandy and the loess soils were the species still
remained. On the sandy soils, Quercus was partly replaced as well (see Behre and Kucan,
1994). However on the loess soils Quercus became absolutely dominant due to intentional
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human favouring. The expansion of Fagus was partly due to human intervention.
Regenerating woodlands provided Fagus with a clear opportunity to get a foothold in the
Dutch landscape.
However, this species never became the dominant species in the historical cultural landscape
(except probably during the Dark Ages). Active human favouring of Quercus resulted in
largely oak-dominated woodlands as still visible in the older woodlands left (which, after all,
are rapidly colonised by beech during the last century).
Already in prehistoric times heather-dominated landscapes, caused by soil degradation,
developed. Thus the area suitable for tree growth decreased. However during historic times
the area of forestland so drastically decreased that around 1300 no high forest was left.
Illustrative is the Iron production at the Veluwe, during 7-12th century. The need for charcoal
in the ore smelting-works extremely reduced the area of forest. The commons tried to dam the
tide of forest destruction but failed.
However, of all tree species oak was favoured most. It was the most common species in forest
pasturage systems, coppice lands (both coppiced and as standard for tannins, firewood,
construction wood etc.) and around fields. Oak is the species most often mentioned in the
common laws. Most forest protection measures in the commons were taken to protect this
species. If trees were planted oak is most often mentioned. Due to this intentional favouring
oak was the dominant species, whereas beech became (remained) subordinate to oak.
The last century, the oaks’ situation drastically changed. Coppice management declined with
the invention of a chemical counterpart for the oaks’ tannins. Forestry started to favour the
use of fast-growing coniferous species. The cultural landscape intensified with less room for
oak after the invention of artificial fertilisers.
Furthermore, in a landscape no longer favourable for oak, the species declined due to a
complex disease spiral.
Much research has focussed on the inciting factors that are held responsible for the oaks’
decline (factors that act over a short period of time and cause direct damage to oak trees
Manion, 1981). A combination of drought during growing season, frost (deep winter, late
spring), insect defoliation and mildew is responsible for the actual decline. Furthermore, the
artificially high ungulate pressure in most of the Dutch forests extremely hampers oak
regeneration.
However, disturbingly little is known about the predisposing factors of the oak decline.
Humanity has extended its’ influence on all levels and all cycles of the ecosystem earth. Many
of the relations between earth and polluting activities of human kind are barely understood.
Some factors that are held responsible for the oak decline are newly introduced during the last
100 years (like oak mildew). However, most of the inciting factors were present in the past as
well. Drought, frost and insect defoliation must have been common disturbances throughout
history. However oak is relatively tolerant to drought and frost stress and insect defoliation. It
seems therefore that some environmental factors predispose both indigenous oak species to
factors which in the past were probably less destructive. Illustrative is the increase in number
of years with heavy insect defoliation and the increased severity of these insect attacks.
Furthermore, southern orientated insect pests are newly introduced the last 10 years. So far
however, little direct evidence is found that excess Nitrogen or climatic changes predispose
oak to inciting factors (like insect defoliation).
Oak regeneration is severely hampered in Dutch forests. Two inciting factors are responsible,
namely ungulate pressure and light. The unnaturally high ungulate pressure makes natural oak
regeneration in many of the Dutch woodlands an arduous mission. The light climate may be
favourable in pine-stands, but in denser forests often hampers oak regeneration.
Natural forests are ecologically more valuable and better equipped against disturbances. The
multi-layered structure decreases the impact of storms. The admixture of tree species
81

decreases the impact of pests and diseases, within these forests. Nature-based forestry
incorporates natural processes within the management strategy. Natural regeneration is one of
the implements that are used to increase the naturalness of forests.
In naturally managed forests the abundance of oak is decreasing, whereas it is assumed that
this forest management type should be favourable for oak. This assumption is based on a
general view that oak would be (co-) dominant in natural forests in the Netherlands. However,
this assumption is based on wrong references for natural forests. The assumed dominance of
oak in (more) natural forests is based on this species historical abundance and supposed
dominance in Atlantic forests.
However to use the historical abundance of oak as reference for the natural position of oak in
forests is to pass over human influence. The (co-) dominance of oak throughout history and
greater parts of the prehistory (Neolithic onwards) is based on human intervention. The
abundance of oak in those few ancient woodlands left is not a natural situation but based on
human preference. Illustrative is the rapid expansion of beech in the forests around Elspeet at
the beginning of the 20th century. The management had changed and oak was no longer
favoured (see Springer, 1934).
The Atlantic forests are often used as reference for natural forests. It is often assumed that oak
was the dominant species in these Atlantic forests. However Tilia was probably the dominant
species in the Atlantic forests, with oak only as second. More importantly, the Atlantic forest
should not be used as reference for modern natural landscapes that would have occurred
without human intervention. Too many environmental conditions have changed and too many
new tree species (notably beech) were introduced since the Atlantic. Furthermore, forests are
extremely dynamic, changing ecosystems.
Thus, the decreased abundance of oak in the Dutch forests should not be seen as ecological
problematic. It is the reaction of a species that has been dominant in the Dutch forests,
whereas ecologically oak should be far less dominant in many of the Dutch woodland types.
Beech is a stronger competitive species for light, than oak. Furthermore the species is found
on quite a range of soils. This species probably becomes dominant in the more natural forests
(as visible in many of the modern Dutch and German forests, see Vera, 1997, 2000). In these
forests oak will remain, but in small (er), more natural (as dictated by the environment and
competitive strength) numbers. Thus it cannot be stated that the oak is an anachronism in the
Dutch forests.
Obviously, the reference of ‘natural’ forests is of great importance. The view of a dense oak
forest as the natural occurring forest type on the elevated sand and loess soils needs a
readjustment. However, this does not alter the fact that some factors negatively interfere with
oak, which are not to be expected in natural forests. Probably the most important unnatural
disturbance is the ungulate pressure in most of the Dutch forests. The fact that trees do not
have straight stems and have a shrubby appearance are of no consequence for the survival of
oak in the Dutch forests. The fact that old trees die is of small consequence for the species.
However the fact that oak often cannot regenerate, even in favourable light conditions, is of
consequence for the species. In open pine stands (that are certainly not rare in The
Netherlands) this species should be able to establish and dominate for a least one generation.
Which does not signify that the oak will remain dominant, because even on podzolised
coversand soils, beech invades forest stands (pers. comm. Den Ouden, 2003).
The objective of this literature study was to answer the question if oak is an anachronism in
the Dutch forests. The concept of oak as a dominant species in more natural forests is based
on wrong references of natural landscapes and forests. The decline of oak is mainly a reaction
of the species towards more natural forest environments. In more natural forests the species is
finding its niche, which is often not as a dominant species. But there is a niche for oak in the
Dutch forests and in that way the oak is not an anachronism in The Netherlands.
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The fact that oak will probably not be a dominant species in more natural Dutch woodlands
has implications for forestry. If the forestry sector wants to promote oak (because of this
species wood quality or cultural, ecological and tourist values) than oak-promoting measures
need to be taken. The management of oak should be centred on the oaks’ light demand and
the high ungulate pressure. The old German shelter-wood system might provide an adequate
management for oak if species like beech are suppressed.

83

84

7 Conclusions
Based on a literature study, the following with regard to forests on elevated sandy and loess
soils is concluded:
Both working hypotheses are accepted:
•

The (pre)-historical (From the Subboreal onwards) abundance of oak is due to human
intervention.
Mostly unintentional until the Iron Age
•
Intentional during historic times
•

•

Abiotic and biotic factors that determine the competitive strength of oak have
changed. Before the Industrial Revolution mainly in a positive way. After the
Industrial Revolution in a negative way.

However, the main hypothesis is rejected and it is concluded that:
•

The oak (Quercus robur and Q. petraea) is not an anachronism in the Dutch forests.
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The estimated amount of slag produced in the Veluwe is: 110000-150000ton (Joosten and
Van Nie, 1995), which results in an estimated amount of ‘wolf’ of: 35000-50000ton (Joosten
and Van Nie, 1995)
The density of Iron is 7.87 ((ρ (Fe) = 7.87). In reality the density of wolf is probably lower,
because wolf is only a half product (namely iron with sand and charcoal).
If it is assumed that the density of wolf is the density of iron, than:
35.000.000kg wolf produced in 500 years is 4.447m3 wolf in 500 years
If a lower density is assumed (ρ wolf = 5), than 7000m3 wolf in 500 years is produced.
According to Heidinga (1987) an amount of 650000kg charcoal is needed to produce 20m3 of
iron. Thus 1m3 iron = 217m3 charcoal. The density of charcoal is estimated as 0.15. The
density of dry oak wood is around 0.70. The ratio 0.15: 0.70 = 1: 4.66. Thus for 1m3 iron
1011.2 m3 dry wood is needed.
In 500 years 4.447 * 1011.2 = 4496895.3m3 wood is needed (if the density is 7.87). Than
8893.8m3 wood is needed at yearly basis.
Or 7078540m3 wood is needed (if the density is 5). Than 14157.1m3 wood is needed at
yearly basis.
Note that it is assumed that the yearly iron production was the same during these 500 years.
A coppice system is assumed to provide the charcoal wood (large stems are a waste of
energy). 2 to 4 dry tonnes ha-1y-1 are typically produced in coppice systems (Evans, 1992).
Thus 2000-4000kg (dry) wood ha-1y-1 is produced, which is 2.66-5.33m3 ha y-1
Than: 8893.8/2.66= 3344ha or
8893.8/5.33= 1689 ha or
14157.1/2.66= 5322.2ha or
14157.1/5.33= 2656ha coppice land is needed if only the re-growth is removed.
Between 1689 and 5322ha are needed to provide the iron industry with charcoal in a
sustainable way (only re-growth is removed).
Most likely the amount of woodland needed was around the 3000ha.
Around 800, the ratio between woodland and open vegetation was 1:1 (see Koster, 1978). The
estimated area of iron production was around 20000ha. Assume that 10000ha were forestland,
than 30% of the forested land was needed for iron production only.
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