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500 years of coppice-with-standards management in Meerdaal Forest
(Central Belgium)

For centuries, coppice and coppice-with-standards were the main forest mana-
gement systems in the northern and central parts of present Belgium. A high
population density and a low forest cover in the whole region resulted in a
high demand for wood, therefore strict regulations and management regimes
were necessary to prevent overexploitation. We illustrate this with a well-do-
cumented case, that of Meerdaal Forest in Central Belgium, with reference to
other sites in the region. Meerdaal Forest is a woodland 30 km east of Brus-
sels. For centuries its high quality timber stands, especially oak, were mana-
ged as coppice-with-standards, with a gradually increasing share of standard
trees. Using archive documents and ancient maps, we have reconstructed how
this coppice-with-standard management has been developed and optimized
over a period of about 500 years. Changes in cutting cycles and configurations
were discerned, with a gradual increase of the importance of the standard
layer over time. The analysis also showed how wood production could be suc-
cessfully combined with other sources of income like grazing and pannage. We
conclude that former managers of Meerdaal Forest, notwithstanding their lack
of scholarship and reference works, developed a state-of-the-art sustainable
and flexible management regime that allowed to provide high revenues during
many centuries.
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Introduction

Since the Middle Ages, the northern and
central region of present Belgium has been
a densely populated and economically im-
portant area. Its countryside has been
intensively used and altered by man over
centuries. With a present-day forest cover
of barely 12%, this area belongs to the least
forested regions of Europe. This low forest
cover is not a recent phenomenon. As early
as 2100 BP, forest cover had already been
gradually decreased to about 50% of the
total land cover, followed by a slight reco-
very during the Early Middle Ages (4™-8"
century - Tack et al. 1993, Verhulst 1995,

Verheyen et al. 1999). Particularly during
the Full Middle Ages (12"-13" century) a
steep decline of woodland cover took pla-
ce. Economic, demographic and organiza-
tional circumstances allowed for a large-
scale transformation to farmland. Around
1250, less than 10% of woodland cover was
left (Verhulst 1995, Tack & Hermy 1998).
Afterwards, total forest cover remained at
a similar figure, with a slight increase du-
ring the 18" century to about 12%, and decli-
ning to a minimum of about 9% halfway the
19™ century, when fossil fuels made fire-
wood a less indispensable source of ener-
gy. This stable overall figure conceals large

[T (1) Research Institute for Nature and Forest (INBO), Gaverstraat 4, 9500 Geraardsbergen
(Belgium); (2) Oude-Bruglaan 11 B10, 9160 Lokeren (Belgium); (3) Ghent University, Forest &
Nature Lab, Geraardsbergse Steenweg 267, 9090 Melle-Gontrode (Belgium)

@ Kris Vandekerkhove (kris.vandekerkhove@inbo.be)

Received: Jul 29, 2015 - Accepted: Dec 29, 2015

Citation: Vandekerkhove K, Baeté H, Van Der Aa B, De Keersmaeker L, Thomaes A, Leyman A,
Verheyen K (2016). 500 years of coppice-with-standards management in Meerdaal Forest
(Central Belgium). iForest 9: 509-517. - doi: 10.3832/ifor1782-008 [online 2016-03-17]

Communicated by: Tomas Vrska

© SISEF http://www.sisef.it/iforest/

509

deforestations, mainly for agriculture and
infrastructure, that were outbalanced by
new afforestations — primarily on former
heathlands and alluvial meadows - tar-
geted at the delivery of industrial wood
products (Hermy et al. 2008, De Keersmae-
ker et al. 2015). As a result the actual forest
cover is severely fragmented both in space
and time. Only a small fraction (15 %) is con-
sidered to be ancient woodland, i.e., con-
tinuously forested between the end of the
18" century and today (Hermy & Verheyen
2007, Hermy et al. 2008, De Keersmaeker
etal. 2015).

Not only was the total forest cover very
low during past centuries, but the remai-
ning forests were also used very intensively
in order to meet high demands for resour-
ces like firewood, utensils and construction
wood (Tack et al. 1993, Tallier 2004, Van-
dekerkhove et al. 20093, 2011). This history
of low forest cover and continuous inten-
sive use is comparable with other regions
in the Northwest-European lowlands such
as the Netherlands, NW-Germany, and Sou-
thern England (Buis 1985, Rackham 1986,
Peterken 1993, Watts 2006, Schmidt et al.
2014).

The continuous high demand for wood
products required strict regulation, control
and proper management in order to pre-
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vent depletion of essential wood resources
(Radkau 2011).

Until the 19" century, most forests were
managed as coppice and, in larger estates
of the nobility and monasteries on the
more productive soils, as coppice with
standards. High forest was exceptional at
that time (Tack et al. 1993, Tack & Hermy
1998, Tallier 2004). This management was
primarily based on craftsmanship and pas-
sed-on knowledge and traditions, in the
absence of scientific literature and training.
Books and training on silviculture only ori-
ginated in the early 19™ century, and were
mainly focusing on the production of
roundwood timber (Cotta 1817).

Scientifically trained foresters in the 19
and 20™ century apparently had a rather
low esteem of traditional forest manage-
ment (Van Miegroet 1976). They associated
traditional management forms with degra-
dation and depletion, and also lack of tim-
ber quality (Brakensiek 2002, Radkau 2011).
Their view was mainly based on a degraded
status of many forests at the beginning of
the 19™ century, as described for Belgium
in a document dating back to 1823 (Tallier
2004). Actually this kind of degradation
was due to the disruption of traditional
management over previous decades by
large scale famine, political instability and
war (Tack et al. 1993, Brakensiek 2002).

Recent insights, based on the study of
archives and historic descriptions of spe-
cific woodlands in present Flanders (Tack
et al. 1993, Verheyen et al. 1999, Baeté et
al. 2009, Adriaenssens & Verheyen 2013)
make clear that forest management from
the 15" to the 18" century involved more
craftsmanship and knowledge than often
assumed, especially in coppice-with-stan-

dard forests. The area of our study, Meer-
daal Forest, can be considered as one of
such prime examples of coppice-with-stan-
dard management in the Low Countries.
The high quality of its oak timber was re-
nowned and already mentioned in 18" cen-
tury documents (Goblet d’Alviella 1930).

The aim of this study was to reconstruct
the management history of the coppice-
with-standards oak stands for Meerdaal
Forest, a well-documented example of this
traditional forest management regime for
Central Belgium, by combining the nume-
rous historical sources that were at our dis-
posal.

Material and methods

Meerdaal Forest is an ancient woodland
site, located 30 km east of Brussels (Fig. 1).
It covers approximately 1200 ha and still
today mainly consists of old mixed oak
stands (Quercus robur and Q. petraea),
complemented by beech (Fagus sylvatica)
and conifer stands. This woodland has play-
ed a prominent role in local history and
economy, and was managed and owned
for a period of over five centuries by the
noble Houses of de Croy and Arenberg,
who at the time belonged to the foremost
influential aristocracy of the Low Countries
(Roegiers et al. 2002).

Predominant soil types in Meerdaal Fo-
rest are Luvisols (in the south) and Podzo-
luvisols (in the north), which developed in
Pleistocene aeolian deposits of loamy loess
on top of tertiary sandy formations (Bae-
yens et al. 1957). The forest is located on a
slightly undulating plateau, with an eleva-
tion between 55 and 105 m a.s.l. The pre-
vailing sub-Atlantic climate of this region is
characterized by a total annual precipita-

Brussels Leuven
L]

Meerdaal Forest

BELGIUM

Fig. 1 - Location of Meerdaal Forest in Belgium, and outline of the current forest (red)
on a large-scale map also showing other forests (green), the river Dyle (blue) high-

ways (purple) and settlements (grey).
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tion of about 821 mm (uniformly distribu-
ted over the year) and minimum and maxi-
mum average monthly temperatures of 2.5
°C and 17.2 °C, respectively, with a yearly
average temperature of 9.7 °C. Main vege-
tation types in Meerdaal Forest are Stel-
lario-Carpinetum and Milio-Fagetum (sensu
Noirfalise 1984) on Luvisols. On Podzoluvi-
sols, the predominant vegetation type is
Fago-Quercetum (sensu Noirfalise 1984).

We reconstructed the management his-
tory of the coppice-with-standards oak
stands for this forest by the analysis and
combination of different historical sources.
We consulted archives of the House of
Arenberg, partly conserved at the Library
of the University of Leuven (AAH-KUL), at
the National Archives of Belgium in Brus-
sels (ARB-APA) and at the private archive
of Arenberg in Enghien (ACA). These archi-
ves contain manuscripts and maps con-
cerning management regulations, wood
sale conditions, court cases and detailed
accounts of annual revenues from the fo-
rest.

These archives all have a general inven-
tory (De Fraine & De Fraine 1962, Brommer
et al. 1984, De Moreau De Gerbehaye 1999,
Mertens 1999, Vanrie 2005), but the con-
tent of the folders concerning forest mana-
gement had never been analyzed before.

Furthermore, information on the mana-
gement was compiled from published his-
torical sources (Goblet d’Alviella 1930) and
reports on silvicultural excursions by the
Royal Belgian Forestry Association (Blon-
deau 1910, Bossu 19113, 1911b, Brichet 1938,
Geebelen 1959).

Based on all these sources, management
regulations and regimes were reconstruc-
ted, as well as species composition and re-
venue shares for both the coppice and the
standard fraction. The first compilations
were made by Baeté et al. (2004, 2007,
2009) and Vandekerkhove et al. (2009b),
and have been further replenished and ex-
plored in depth for this paper.

Results

Ownership history and user rights

The first known document referring to
woodland in the area of the present Meer-
daal Forest dates back to the end of the
12" century, when a “silva de Miradal” is
mentioned in a charter of Pope Urbanus III.

During the 13" century, Meerdaal Forest
was under supervision of the Duke of Bra-
bant. During the 14™ century it became
temporarily subdivided between the House
of Harcourt and the House of Gulik (Jilich),
later Schoonvorst (Schénau). Through mar-
riage in 1432, the part of the House of Har-
court came to Antoine de Croy. In 1442, he
managed to buy the remaining part of the
forest from the family of Schoonvorst and
to reunite the ducal Meerdaal Forest (Char-
ter, AAH-KUL).

The House of de Croy represented an im-
portant and influential dynasty and the
Meerdaal Forest was an important part of

iForest 9: 509-517
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Fig. 2 - Excerpt from the sale conditions for the coppice wood, dated 1567 with the instructions on the conservation of standard
trees. It reads “every buyer shall leave on his parcel all fruit-bearing trees, and all the ‘leave-oaks’ that were left on his parcel at pre-
vious sales, and above these on every ha 16 oaks that are decent to develop to standard oaks, with a size of at least 8 inches in girth
[= 6.5 cm DBH], and if not enough oaks are available, he shall choose beeches or other species with valuable wood on pain of a fine
of 6 golden reales’ [if these conditions are not met] (AAH-KUL- folder BBM 682).

their domain, both as a source of income
from wood and as an important hunting
ground.

In 1615, the ownership passed on through
marriage from de Croj to the House of
Arenberg. This equally prominent noble
family already owned several estates and
large areas of land and continued to ex-
pand its territories in the Low Countries
during the 18" and 19™ century (Roegiers et
al. 2002).

The forest of Meerdaal was declared a
“Free Wood” (Vrijwoud) by the Duke of
Burgundy in 1406, implying that all rights
were assigned to the owner, even common
user rights formerly granted to the local
population (e.g., the right to graze cattle,
right to gather dead wood and specific
game rights). It also entitled the owner to
speak “higher justice”, including capital pu-
nishments. As a consequence, the Dukes of
de Croy and Arenberg gained more possi-
bilities and freedom to organize forest
management, to set up their own “Wood
Court” (Woudrecht) and to generate addi-
tional revenues, e.g., from grazing and pan-
nage (see below - De Fraine 1963, Baeté et
al. 2009).

Meerdaal Forest remained under the
Houses of de Croj and Arenberg until 1918,
when the real estate of Arenberg was
sequestered by the Belgian state, on the
accusation of collaboration with the Ger-
man enemy. In 1930 the forest was official-
ly seized and became state forest (Baeté et
al. 2004, 2007, ANB 2007).

Management regulations and sale
conditions of the coppice-with-standard
forestry system

Already in the 15™ century, a Wood Court
was installed for the Free Wood of Meer-
daal, containing two “chambers”, of which
one dealt with trials on hunting and poach-
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ing, and the second specifically on wood
theft and related offenses, illustrating the
equal importance of both aspects of the
forest (Baeté et al. 2009). An original regis-
ter of 15™ century court cases is mentioned
in an early inventory of the Arenberg archi-
ve in Leuven (AAH-KUL), but could not be
retrieved to date. From this earlier period,
no documents referring to the forest ma-
nagement have yet been discovered.

The earliest detailed forestry-related do-
cuments retrieved in the archives date
back to the second half of the 16™ century
(1552-1567 — AAH-KUL, folder BBM 682). It
is a bundle of hand-written conditions and
regulations concerning the sale of wood in
the Meerdaal Forest (including fines and
punishments for theft and fraud). They
allow us to reconstruct in fair detail how
the forest was managed, and show a very
elaborate and sophisticated coppice-with-
standards management regime.

Separate sale conditions were made for
the sale of the coppice on the one hand
and for the standards on the other. Both
were sold to the highest bidder during se-
parate sale auctions.

In autumn of the first year, the coppice
wood was sold. The “coupe” of that year
had been subdivided in advance into small
parcels of coppice (with a customary size
of 0.25 to 0.35 ha). Buyers were bound to
follow strict regulations on when and how
to cut the parcels they bought.

Fellings were to be done during the fol-
lowing winter, and concluded by the begin-
ning of May. By the end of May, all coppi-
ced wood had to be cross-cut and stacked
between two standard trees in piles of
maximum three feet high (=90 c¢m), and
the twigs had to be bound together and
piled up. All coppiced wood and twigs had
to be removed from the forest by the end
of March of the subsequent year (in later

sale conditions shortened to the end of
October of the second year, so within one
year after the original sale). If not, all wood
was confiscated and resold.

Moreover, there were strict guidelines on
trees that had to be spared (Fig. 2). All
standard trees from previous cuts and all
fruit-bearing trees, being “apple trees”
(probably crab apple, Malus sylvestris),
“cherry trees” (presumably wild cherry
Prunus avium), “pear trees” (most likely
Pyrus pyraster) “and the like” had to be left
untouched. Furthermore, buyers had to
select and leave at least 16 new saplings of
oaks per ha (“leave-oaks”), or “if insuffi-
cient oaks were present, other valuable
trees like beech” to grow up to become
new standard trees. “Leave-oaks” and the
like had to measure “at least 8 inches in
girth” (= 6.5 cm DBH). After the fellings, all
this was checked by the forest guards, and
fines were imposed if certain trees were
unlawfully cut or when insufficient future
standards had been selected.

In addition, all standard trees had to be
pruned, and all brambles (Rubus spp.),
broom (Cytisus scoparius) and “thorny
shrubs” (probably Rosa spp., Crataegus
spp., Prunus spinosa) and holly (llex aqui-
folium) had to be cut away. If the buyer
failed to do so, the forest guards could hire
someone else to do the job, and charge the
double amount to the buyer. At the same
time it was forbidden to graze their cattle
or pigs, to mow or harvest weeds and
bracken (Pteridium aquilinum), or to pick
up any fruits like acorns, beech nuts, med-
lar fruits (Mespilus germanica), sweet chest-
nuts (Castanea sativa) and hazel nuts (Cory-
lus avellana).

Immediately after the cut of the coppice,
a selective cut in the standards was orga-
nized. In the beginning of the second year,
the local forest guards marked the trees
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Fig. 3 - Examples of manuscript maps representing the cut and the parcels for the
years 1735 (a - AAH-KUL - folder BBM 927) and 1823 (b - ARB-APA-folder KP509): lay-
out and size of the parcels remain very similar over time.

that were to be felled with a “marking
hammer”, a small axe bearing a mark of
the owner on the backside of the blade.
This mark was imprinted on the trunk and
the base of the tree. These trees were sub-
sequently sold in a new auction, organized
in May of that same year. Standard trees
were sold in parcels of about 5 trees each.
Similar strict regulations as in regard to the
coppice had to be obeyed. All trees had to
be felled by the beginning of the third year
and checked by the local foresters to
ensure that only marked trees were felled.
For that purpose, all felling marks had to
remain on the trees at all times. Again all
trees had to be felled by the first of May of
that third year, and removed by the end of
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May (or according to some regulations by
St. John’s Day, being 24" of June), with the
fine of confiscation imposed on any buyer
who was not able to comply.

Buyers were allowed to harvest the trees
including their root bole. In that case the
buyer had to cut the roots as close to the
bole as possible, and had to refill the resul-
ting pit.

Similar restrictions as in regard to the
coppice applied for grazing of animals, the
collection of hay or the picking of fruits.

These 16™ century regulations remained
active until the beginning of the 20" cen-
tury, being only slightly amended over
time, as demonstrated by the sale condi-
tions and other regulative documents in

the archives (AAH-KUL) from 1597, 1615,
1627, 1641, 1730 and 1785 and also from the
management plan of 1913 (Antoine 1913).

Important amendments over time con-
cerned the number of new standard trees
(“leave-oaks”) that were to be left by the
buyers of the coppice. The regulation of
1597 increased this figure from 16 to 32
trees per ha. The instructions to the forest
guards of 1615 further raised this figure to
40 trees per ha, which was consequently
adopted in the sale conditions (e.g., that of
1625 and 1641). Also, the responsibility for
the selection of these trees was transfer-
red from the buyer to the forest guards
who had to select and mark the trees to be
left. This was continued in the 18" century
regulations but without imposing thre-
shold densities: from 1730 onwards, the
guards had to mark out all well-shaped
young trees, originating from seed, which
had to be spared. Selling regulations on
coppice from that time even stated that
buyers were required to leave all young
trees originating from seed, even those
that were not marked - thus forgotten —
by the guards. Moreover, instructions to
the forest guards of 1730 state that they
should provide small nurseries in the fo-
rest, and transplant seedlings if there was
insufficient natural regeneration of the
required valuable tree species (primarily
oak).

From 1785 onwards, the buyers of stan-
dard trees were obliged to plant a new
tree when filling the pit originating from
the felling of a standard. They even had to
provide supporting stakes to make sure
newly planted trees would not bend over.

Finally, documents and maps in the archi-
ves also contain information on rotation
periods, and the spatial organization of the
cuts. The first indication concerning rota-
tion periods dates back to 1610. A docu-
ment states that the forest is to be evenly
subdivided in 20 “coupes” of which each
year one is to be cut. The document how-
ever does not contain any spatial indication
on the form and lay-out of these coupes.

The first maps giving details on the lay-
out of the coupes date back to the begin-
ning of the 18" century (1723-1790 - Fig.
3a). By that time, the rotation period in
Meerdaal Forest had been reduced to 13
years. The forest was subdivided in North-
South oriented strips of 250-400 m wide.
Each year one strip was cut, followed by
the westerly adjacent strip in the next year.
In this way, the fellings shifted opposite to
the dominant wind direction, preventing
storm damage to the adjacent stands.

This lay-out was continued until the first
half of the 20™ century (Fig. 4), when the
coppice-with-standard system was even-
tually abolished, with slight amendments
to the width of the strips, and the rotation
period. From 1800 to 1850 the rotation pe-
riod was 14 years and from 1850 onwards it
was again altered to 12 years (Fig. 3b).

These alterations and adaptations were
partly done because the total area of cop-
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Fig. 4 - Manuscript map
representing the lay-out of
the yearly cuts for the
period 1835-1885 (ARB- |
APA-folder KP50).
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pice-with-standards changed as some of
the lesser productive stands were trans-
formed into high forest of beech or Scots
pine (Pinus sylvestris).

Information concerning the ultimate pe-
riod of coppice-with-standards manage-
ment in Meerdaal Forest is found in several
documents (Blondeau 1910, Bossu 19113,
1911b, Antoine 1913, Brichet 1938, Geebelen
1963). At the beginning of the 20" century,
also after the confiscation of the forest by
the Belgian state, the coppice-with-stan-
dards management was continued, retain-
ing the 12 year cutting cycle. Brichet (1938)
clearly stated that the cutting cycle is kept
at 12 years, even though shorter rotations
would be better for the standard layer,
because the coppice still represented an
important share of the output of the fo-
rest. After the Second World War, how-
ever, the market for coppice wood collap-
sed, and the last cut of the coppice was
performed in the beginning of the 1950’s
(Geebelen 1963). Since then onwards, the
remaining oak stands are managed as un-
even aged high forest with group cuttings.

Reconstruction of the changes in
structure and species composition over
time

The archives not only contain sale condi-
tions, but also detailed registers of reve-
nues. By analyzing these registers, a recon-
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struction of the forest composition and
overall structure, including the relative in-
come share of the standard layer, can be
reconstructed. Most of these registers still
remain to be analyzed in detail, but a first
sample already allowed to reconstitute de-
velopments in forest structure and compo-
sition over time.

The composition of Meerdaal Forest at
the end of the 17™ century could be derived
from sale registers from 1692 (coppice)
and 1693 (standards). In 1692, 221 parcels
of coppice were sold. The following year,
197 parcels of standards were traded. The
sale parcels of the standards contained de-
tailed descriptions of the species composi-
tion of each parcel, allowing to reconstruct
the species composition of that time, assu-
ming the composition of spared and cut
trees was similar. In total 1393 trees were
sold, of which 1072 were oaks, 80 cherry
trees, 65 crab apples, 7 beeches, 19 alders
(Alnus glutinosa), 2 birches (Betula sp.), 5
ashes (Fraxinus excelsior), 2 lime (Tilia sp.),
11 hornbeams (Carpinus betulus) 4 alder
buckthorn (Frangula alnus) and 125 unspeci-
fied trees. The document on coppice gives
no specifications on its species composi-
tion.

At that time, the coppice fraction consti-
tuted 68% of the revenue, thus being the
main source of income.

There are, however, clear indications that

the importance and volume of standards in
Meerdaal Forest gradually increased over
time, as was already illustrated by the in-
creased number of young trees that had to
be spared on coppice sales.

Sale parcels of standard trees halfway the
18™ century contained on average not 5-7,
but over 10 trees. The sale of 1760 contai-
ned two times as many trees for a similar
number of parcels compared to the year
1693.

By the beginning of the 19" century, the
shares of coppice and standards in the
annual revenue had entirely reversed. A
map of the 1823 sale (ARB-APA, K&P, 509)
mentions the overall income from that par-
cel. The coppice produced 11700 Francs
(31%), while the standards yielded over
26 000 Francs (69%). This share further
increased in the following century. An
overview of revenues for the period 1902-
1913 (Antoine 1913) indicates that coppice
represented less than 10% of the income.
Inventory data in archives (AAC) and publi-
cations (Blondeau 1910, Bossu 19113, 1911b)
also contain information on the species
composition at the time. The coppice layer
was dominated (>70%) by hazel with some
additional sweet chestnut, alder, horn-
beam and lime. The standard layer still con-
sisted mainly of oak (85% both in stem
number and basal area), with ash, beech,
maple (Acer pseudoplatanus) and grey pop-
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lar (Populus canescens) as main additional
species. The species that were important in
the 17" century like crab apple and wild
cherry represent less than 1% of the stem
number, and even less in basal area and
volume.

Basal area of the standard layer at that
time varied from stand to stand between
14 and 18 m? per ha. By 1938, this basal area
further increased to 21 m? per ha before,
and 16 m? per ha after the fellings in the
standards (Vandekerkhove et al. 2009b).
The fact that there was still a vital coppice
layer below, is explained by the dominance
of hazel, a shade tolerant species, in this
layer (Brichet 1938).

By that time, the average growing stock
of the oak stands had gradually increased
to reach values comparable to mixed un-
even aged high forests. When the periodic
cutting of the coppice was abolished (Gee-
belen 1963), the ultimate transition to high
forest became a fact.

Other sources of income from the
forest

Grazing and pannage - the practice of
releasing domestic pigs in a forest, in order
that they may feed on fallen acorns, beech
mast, etc; Rackham 2003, Szabd 2013 -
used to be important practices in many
forests, and usually implied common rights
to local inhabitants (Tack et al. 1993). As
stated above, the status of Free Wood
excluded all user rights in Meerdaal Forest,
allowing the owner to obtain extra reve-
nues from leasing these practices.

However, the owners of Meerdaal used
this prerogative only to a limited extent, as
they considered grazing and other former
common rights to be detrimental to wood
production.

In regard to pannage, the oldest docu-
mented regulations that could be retrieved
for Meerdaal Forest date back to 1553. The
right of pannage was awarded to the high-
est bidder. The animals were only allowed
in the forest from autumn to the first of
February. The conditions included that the
animals should be herded at all times, and
fenced in for the night. From 1785 on-
wards, only the collection of acorns by
hand was still leased to the highest bidder,
and only during mast years (Baeté et al.
2009, Vandekerkhove et al. 2009b).

Cattle grazing was not a source of direct
income. According to a document from
1570 (AAH-KUL), it was only allowed as a
specific user right to the monastery of Val-
duc, and also by the forest guards as an
indirect source of income. All animals had
to be herded, and no animals were allowed
in coppice of less than five years old. At the
beginning of the 18" century, the Aren-
bergs concluded that there was too much
damage in the forest due to grazing and
instructed that all formal and informal
grazing rights were to be abolished (Baeté
et al. 2009, Vandekerkhove et al. 2009b).
Only the grazing organized by the guards
was continued and strictly regulated: only
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the stands where the coppice was at least
seven years old were entitled to be grazed
with a maximum density of 10 animals per
100 ha. The main argument to organize this
grazing was that it would allow for natural
regeneration that would otherwise be sup-
pressed by bramble (regulation of 1730). By
1785 however, also the cattle grazing was
ultimately abolished over the whole forest.

Discussion

The study of archives to reconstruct his-
toric forest management is often burdened
by incompleteness of the information, and
uncertainties in how far the information in
the documents (like regulations) reflected
the reality in the field. Nevertheless, they
provide useful insights in the knowledge
and practices over time (Szabé 2010).

The rich archives of the House of Aren-
berg allowed us to reconstruct in a detailed
manner management practices and reve-
nues from coppice-with-standard stands in
Meerdaal Forest. The larger part of the ex-
tensive archives of Arenberg miraculously
survived over time and still present a uni-
que potential for further investigation, es-
pecially as they can be very informative
and remain partially unexplored.

For this study, we could only analyze a
fraction of these extensive and elaborate
archives. The inventories allowed to make
a selection of documents that provided
good first insight in the management tech-
niques. Many meters of archive however
await further analysis and screening. By
further elaborating on the account books,
screening all available years from as early
as 1690 until around 1900, and relating the
mentioned income and currencies, it
should be possible to reconstruct even
more in detail the development of species
composition and economic return, both in
absolute and relative figures, from the fo-
rest over the centuries.

Still, the analyzed documents already
allow us to reconstitute the forest manage-
ment practices to a fair level of detail. Com-
bined with other sources and in compari-
son with other coppice-with-standards
from the Low Countries an even more
complete picture could be composed.

Exactly for how long a coppice-with-stan-
dard management has been in use in Meer-
daal Forest remains unclear, although at
least since 1552, the date of the earliest
studied documents on wood sale condi-
tions in the archives. However, there are
indications that this kind of management
was already applied much earlier. Regula-
tions in documents from the 1550’s are
indeed very detailed and elaborate, sug-
gesting they relied on a longer tradition.

This is corroborated by wood sale condi-
tions of the forest of Grotenhout that origi-
nally had the same owner: the Duke of Bra-
bant. These sale conditions date back
much earlier, the year 1432, and clearly
describe a coppice-with-standards manage-
ment. These conditions are strikingly simi-
lar to the earliest sale conditions from

Meerdaal Forest. They include identical for-
mulations for maintaining fruit-bearing
trees and instructions to leave 16 young
trees per hectare as future standards (Adri-
aenssens & Verheyen 2013). Therefore, it
can be assumed that the earliest regula-
tions from the 1550’s are based on the
same original documents as for Groten-
hout, implying that a similar coppice-with-
standard management was already in use
in Meerdaal Forest at least from the begin-
ning of the 15™ century.

This management regime indeed per-
fectly combined the two main objectives of
such ducal forests, being hunting and
wood production. Coppice-with-standards
management not only provided an impor-
tant source of income from the sale of
wood. It also resulted in temporarily open
forest stands that were very suitable for
hunting purposes. Especially during the
first years after harvesting, the coppice
with the retained standard trees provided
an ideal “landscape setting” for the pre-
dominant hunting practice of that time: the
par force hunting on red deer (Cervus ela-
phus) and wild boar (Sus scrofa). This type
of hunting was applied until the 19" cen-
tury, when it was gradually replaced by
battues and stand hunting, also on smaller
game like roedeer (Capreolus capreolus)
and wildfowl (Baeté et al. 2009, Verbrugge
1996). The obligation for coppice buyers to
cut away the brambles and thorny shrubs
also applied to this context. This provided
not only practical accessibility to foresters
who had to mark out standards for the
next year, but also to the par force hunting
parties. Likewise, the instruction to leave
all fruit-bearing trees was related to hun-
ting as these fruits were an important food
source for game, especially wild boar (Bae-
té et al. 2009).

The archives also reveal a well-organized,
high performance silviculture by skilled fo-
rest managers resulting in a sustained high
revenue for its owners.

lllustrative for their management skills is
the number of young trees that were to be
left on every cut. The original figure of 16
per ha halfway the 16" century was adjus-
ted to 32 and finally 40 per ha at the begin-
ning of the 17" century. This number of 40
standards per hectare in the smallest dia-
meter class is perfectly in line with recom-
mendations in 20" century reference hand-
books on coppice-with-standard manage-
ment for the Low Countries (Huffel 1926a,
Poskin 1949). In other words, former mana-
gers of Meerdaal Forest already determi-
ned the required figures 300 years in ad-
vance, deprived of any reference work but
relying on field observation and interpreta-
tion.

The analysis further shows an adaptive
management where the consuming market
is the main driving force. The traditional
coppice-with-standard management, with
the main focus on the coppice layer, as it
was performed in Meerdaal Forest until the
17" century, was gradually transformed
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under the influence of the Arenberg dynas-
ty to a subtype with a strong dominance of
quality standard trees.

Indeed, the original income proportion of
standards (30%) and coppice (70%) that was
in line with other coppice-with-standards
forests in the Low Countries, even up to
the 19" century (e.g., Ename Forest and
Wijnendale Forest — Tack et al. 1993), was
gradually reversed to a 70% standards ver-
sus 30% coppice proportion during the 18"
century. This 70/30 proportion was at that
time also applied in other forests of Aren-
berg, like Hallerbos and Bois de Strihoux
(Baeté et al. 20063, 2006b).

Hence, the quality timber trees of the
Arenbergs were widely renowned at that
time. In this respect Goblet d’Alviella (1930)
cites an anonymous document from 1789
in which the forests of the Arenbergs are
highly esteemed for their “best quality of
timber, well nursed and pruned, present in
high numbers but without being disadvan-
tageous to the coppice. They are preferred
to the trees from the Sonian forest, as they
have a much denser wood and are much
more suited for carpentry”.

This reputation surpassed the local mar-
ket and attracted merchants from a wider
area, resulting in a higher demand for con-
struction wood, on which the forest mana-
gement became attuned, with higher num-
bers of standard trees being spared.

A gradual increase in the number of stan-
dard trees was also found in other studies
(Szabd 2010), although they may be rela-
ted to completely different market mecha-
nisms. In the case of Szabé (2010), the
number of standards was risen notwith-
standing the fact that the market was very
local with a strong demand for firewood. In
that case, the increase is related to the fact
that the standard trees belonged to the
owner, producing revenue for the lords,
while the coppice was incorporated in the
user-rights of the local population. Similar
evolutions are therefore not always to be
explained by the same economic argu-
ments.

The documented reduction of the rota-
tion period from 20 years to 12-14 years is
quite remarkable. Szabd (2010) and Rack-
ham (1975) found that the rotation period
for the coppice in their study areas of
Devin Wood and Hayley Wood was exten-
ded over the centuries and assumed that
this was probably also the case in other
European countries. Several other sources
indeed subscribe this statement, be it less
substantiated by concrete cases (Huffel
1926a, 1926b, Poskin 1934, 1949, Rubner
1960, Fuller & Warren 1993, Rackham
1995). In some regions, the increased rota-
tion was imposed by law. Minimal rota-
tions of 10 years were already installed as
early as 1340; the forest code of Colbert
from 1669 required rotations of 10 years
and in specific cases even 25 years (Rubner
1960). Prolonged rotations may also be
related to changes in use and required or
preferred dimensions of the coppice (Rack-
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ham 1995) or related to a loss of productivi-
ty of the site due to depletion of nutrients
(Fuller & Warren 1993).

In our particular case, however, the rota-
tion period was clearly reduced, which ap-
pears in contradiction to the general trend
mentioned above. However, the extension
trend refers mainly to an earlier era: short
rotations of 5-8 years are mainly related to
the middle ages, and were already exten-
ded to 20-25 years by the 17" to 18" centu-
ry (depending on the region - Huffel 19263,
Poskin 1949, Rubner 1960, Rackham 1975,
1995, Szabd 2010). The rotation of 20 years
in 1610 in Meerdaal Forest can be conside-
red in line or slightly ahead of this common
trend. Several 20" century handbooks on
silviculture (Huffel 1926a, Poskin 1949, Bou-
dru 1989) however point out that a rota-
tion of 20 years is often too long for cop-
pice-with-standards forests on richer deep
soils aiming at a high proportion of reve-
nue from oak standards, as is the case for
Meerdaal. There is not enough regenera-
tion of oak in these long intervals that ra-
rely coincide with mast years of oak, and
the saplings are too long suppressed by
the resprouting coppice producing ill-sha-
ped and meager young trees. For the older
standard layer, a more frequent interven-
tion and selective harvest is also preferred.
Finally, the coppice layer resprouts less vi-
gorously with longer rotations in stands
with relatively high growing stock in the
standard layer, as was the case in Meerdaal
Forest. On the other hand, rotations
should be long enough so the coppice can
grow high enough to suppress lower
branches on standard trees. These 20" cen-
tury handbooks propose rotation periods
of 14-15 years to be ideal in these situations
(Huffel 1926a, Poskin 1949, Boudru 1989).
Again, the forest managers of Meerdaal
Forest were several centuries ahead of the-
se sources to come to this conclusion.

It also appears that this management re-
gime was successful, as they could gra-
dually increase the amount of standards,
while at the same time, the average cop-
pice parcels remained of the same size
over the whole period, indicating that they
continued to produce sufficient volumes of
firewood, even on shorter rotations.

The 18™ century forest managers of Aren-
berg apparently succeeded to increase pro-
duction of construction wood aimed at a
wider market, with a sustained delivery of
sufficient amounts of coppice wood for the
local market.

This again illustrates the exceptional skills
of the local foresters of that time who,
even in the absence of scientific training,
scholarship and reference literature, deve-
loped an effective and productive manage-
ment that provided in a sustained delivery
of desired quantities and qualities of goods
and services.

Conclusion
This case study based on archives con-
cerning Meerdaal Forest illustrates that its

former managers, notwithstanding a lack
of scholarship and reference works, deve-
loped a state-of-the-art sustainable and
flexible management regime that allowed
to provide high revenues for many cen-
turies.

It is made clear that long before modern
science-based forestry, proper knowledge
and craftsmanship in forest management
was already present, tailored to local and
regional market needs, providing high re-
venues to its owner and concurrently hold-
ing on to the principles of sustainability
long before the word was invented.

List of abbreviations
The following abbreviations have been

used throughout the paper:

* AAH-KUL: archive of the Arenberg family
at the Library of the University of Leuven,
Belgium.

* ACA: the private archive of the Arenberg
family in Enghien, Belgium.

* ARB-APA: Arenberg archive at the Natio-
nal Archives of Belgium in Brussels, Bel-
gium.

* ARB-APA, K&P : the section “Kaarten en
Plannen” (maps and charts) of the Aren-
berg archive at the National Archives of
Belgium in Brussels, Belgium.
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