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Abstract – At some point in time, man has influenced nearly all forests in Western Europe. Most of the original forest cover has been converted
to arable land and pastures, or has been cut for the supply of firewood and construction timber. In order to secure a sustainable source of
firewood, the structure of the remaining forests was often altered. Especially coppice of European oak became increasingly popular during the
Roman era and the Middle Ages. Ring-width series of oak trees from Roman times and Medieval settlements were recorded. In order to extract
more detailed information regarding past forest structure and management, those series were compared to growth patterns of contemporary oak.
The modern oaks were selected on forests sites in Flanders (northern Belgium) with well-known structure and management. Some remarkable
similarities in growth patterns were observed. These findings yield tentative assumptions regarding past forest structure and management.
dendrochronology / growth trends / Quercus spp. / forest structure / coppice
Résumé – Les tendances de croissance révèlent la structure des forêts en Europe Occidentale aux époques Romaines et Médiévales :
comparaison entre séries d'accroissements annuels archéologiques et contemporains (Quercus robur et Q. petraea). Au cours de
l’histoire, l’homme a influencé quasiment toutes les forêts en Europe. De grandes surfaces boisées ont été transformées en champs et pâtis ou
ont été abattues pour récolter du bois de chauffage et de construction. Pour s’assurer d’une source durable de bois de chauffage, la structure des
forêts restantes a souvent été adaptée. Surtout les bois de taillis de chêne sont devenus très populaires pendant la période romaine et au Moyen
Âge. Des séries dendrochronologiques de chênes provenant d’établissements romains et médiévaux ont été analysées. Pour obtenir plus
d’informations précises concernant la structure et la gestion des forêts antérieures, les séries ont été comparées avec celles de chênes
contemporains. Ces chênes modernes ont été sélectionnés dans des forêts, avec des structures bien connues, situées en Flandres (Belgique).
Quelques similarités remarquables observées dans les modèles de croissance ont permis de formuler des hypothèses concernant la structure et
l’aménagement des forêts antérieures.
dendrochronologie / modèles de croissance / Quercus spp. / structure de la forêt / taillis

1. INTRODUCTION
In Europe, man, at some point in time, has influenced almost
all forests and woodlands [9, 21, 26]. Already during Roman
times the original vegetation in Western Europe was converted
on a large scale. Forests were cleared and converted to arable
land and pastures, or were cut for the supply of firewood and
construction timber. During the Middle Ages, the remaining
forests were further reduced in their dimensions. For instance,
in Flanders (northern Belgium), it is estimated that the lowest
forest cover ever was encountered as early as in the second half
of the thirteenth century [26]. In order to secure a sustainable
source for firewood, forests were often altered in structure.

Coppice, especially of European oak (Quercus robur L. and Q.
petraea (Matt.) Liebl.), became one of the most popular and
widely dispersed short rotation systems [1, 21]. Coppiced oak
trees regenerate fast [29] and provide small-dimension timber,
and in addition the acorns were used as fodder for pig husbandry.
The reconstruction of past environments and biological
communities has become an interesting topic for archaeobotanists, archaeologists and historians over the last few decades.
For the reconstruction of past woodland and forest composition
palynology, anthracology and the examination of macro
remains are the most obvious proxies. Analyses of pollen
grains, charcoal and fruits provide valuable information on the
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species composition and on changes in vegetation cover, but
fail to provide detailed information on forest structure and
dynamics.
Changes in the environmental conditions experienced by
trees and shrubs trigger physiological processes that modulate
the development of the secondary xylem, i.e. wood. Trees
record such changes in their growth pattern [11, 25]. Tree-ring
width and series of ring-width measurements are therefore
potential archives of changes in the local or global environment. Gradual or abrupt changes in ring width that occur simultaneously in many trees growing at the same environment are
often related to changing growth conditions [12]. Silvicultural
intervention is an example of a process that can modulate the
growth-ring pattern of the majority of trees in the affected stand.
Therefore growth patterns from large collections of wood specimens, found during archaeological excavations, on waterlogged sites and from architectural objects can be considered
as suitable proxies for the reconstruction of past forest architecture [6, 32].
Most silvicultural interventions aim to modulate the growth
rate of trees and hence influence the width of the tree-rings. For
ring-porous species in general and European oak more specific,
it has been demonstrated repeatedly that tree-ring width and
cambial age (i.e. the number of the growth ring starting from
the pith) highly determine the wood density. The latter variable
is significantly related to the overall quality and the mechanical
properties of the wood [19, 28]. Fast grown oaks provide highdensity wood (650–850 kg/m3), while low-density oak (550–
750 kg/m3) is often characterized by small rings [22]. Highdensity oak timber has better strength properties compared to
low-density oak, while the latter has better physical characteristics and is more easily worked.
The question arises whether it is possible to distinguish
between forest types based on a study of the ring-width patterns. It will be examined if characterization of the growth patterns from modern stands with well-known structure and
management could help to reconstruct past forest structure from
growth patterns of archaeological wood specimens. Moreover, the
recorded ring-width series of modern, archaeological and historical trees will be compared with regard to wood quality. This
could provide more information on the available wood assortments in a historical context.
2. MATERIALS AND METHODS
2.1. Selected contemporary forest sites
Fifteen contemporary forest sites in Flanders with well-known
management and stand structure were selected for this study (Fig. 1
and Tab. I). Three main forest management systems can be distinguished: high forest, coppice and coppice-with-standards. Forest managed as high forest is focussed on the production of high-quality
construction timber and logs for the veneer industry. Examples of such
sites, with an abundance of European oak, are found southeast of Brussels in the Zoniën forest and at Buggenhout, in the Flemish region.
From the Tervuren Xylarium oak specimens from these forests have
been selected: 107 cross sections (Q. robur) from four different sites
(Epeler, Groenendaal, Zevenster, Kwekerij) in the Zoniën forest and
49 from Buggenhout (Q. petraea). The stem disks were always sawn
as close as possible to the ground level to get the maximum number

Figure 1. Location of the selected forest stands with well-known
structure ( coppice stands; z high forest; | oak under pine) and of
the archaeological sites (U).

of rings, from stumps of recently felled trees. In six other high forests,
on sandy soils in the north-eastern part of Belgium, two additional
increment cores per tree were taken from four or five standing trees
per site. On two other sites in the same area, both managed as a coppiced oak stand, increment cores were taken as well. Only one site
(Kemmel), located in the south-western part of Flanders, was managed
as coppice-with-standards. On this site increment cores from 17 trees
were collected, i.e. increment cores from 12 coppiced trees and
5 widely spaced standards.
In addition, one forest site with natural regeneration of oak
(Q. robur) under pine (Pinus sylvestris L. and Pinus pinaster Aiton)
was selected as well. Within the 106 ha forest reserve Mattemburgh,
in the municipality of Woensdrecht (The Netherlands) close to the Belgian border, increment cores of 97 naturally regenerated oak trees were
collected.

2.2. Archaeological and historical wood
Wood samples were collected on two archaeological sites and from
one historical building (Fig. 1). The archaeological excavation at
Oudenburg, where remains of a Roman settlement were found, is
located approximately 10 km east from the actual North Sea coast. Of
particular interest were two well-preserved wooden water wells, both
made of European oak. The water wells were probably constructed at
the end of the 4th, beginning of the 5th century A.D. In total 22 cross
sections from the logs were collected for tree-ring analysis.
From several archaeological excavations in the vicinity of the
medieval town of Ypres (close to the French border) tree-ring patterns
from approximately 250 wood specimens were analysed. The wooden
logs were used as foundations for houses and revetments along a
waterway and in a harbour. Dendrochronological research proved that
the main building activity took place between A.D. 1250 and 1300
[14]. In total, 111 wood samples with pith and preserved sapwood were
selected for this analysis.
A restoration project provided the opportunity to collect 33 crosssections from structural oak timbers of an impressive medieval storage
house in Lissewege, ca. 10 km north of Bruges. Dendrochronological
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Table I. Description of the selected contemporary forest stands (a) and of the archaeological sites (b), with Quercus spp. (QUSP), Q. robur
(QURO) and Q. petraea (QUPE).
(a) Contemporary forest stands
Nr.

Site

Species

Management system

No. of sampled trees

1

Mattemburg

2

Eisderbos

QURO

Natural regeneration under Pinus spp.

97

QUPE

High forest (natural regeneration) + regular thinning

3

5

Kleine Homo

QURO

High forest (natural regeneration) + regular thinning

5

4

Gemeentebos 12a

QURO

High forest (plantation) + regular thinning

5

5

Gemeentebos 21a

QUPE

High forest (plantation) + regular thinning

4

6

Gemeentebos 28a

QUPE

High forest (plantation) + regular thinning

4

7

Pijnven

QUPE

High forest (plantation) + regular thinning

5

8

Buggenhoutbos*

QUPE

High forest (plantation) + regular thinning

49

9

Epeler*

QURO

High forest (plantation) + regular thinning

18

10

Groenendaal*

QURO

High forest (plantation) + regular thinning

20

11

Zevenster*

QURO

High forest (plantation) + regular thinning

45

12

Kwekerij*

QURO

High forest (plantation) + regular thinning

24

13

Kemmelberg

QURO

Coppice-with-standards

17 (12+5)

14

Gruitrode*

QURO

Coppice

5

15

Klaverberg

QUPE

Coppice

10

(b) Archaeological sites
Nr.

Site

Species

Description

No. of samples

16

Oudenburg
(ca. 350-450 A.D.)

QUSP

Roman settlement with two well-preserved water wells, constructed
with wooden logs

22

17

Ypres
(1250-1300 A.D.)

QUSP

Wooden poles and boards from several medieval constructions

111

18

Lissewege
(1365–1370 A.D.)

QUSP

Medieval storage house

33

The cross sections from locations marked with a * are part of the Xylarium of the Royal Museum for Central Africa (Tervuren, Belgium).

dating proved that the oaks were felled somewhere between A.D. 1365
and 1370 (Haneca, unpublished data).

2.3. Data processing
Tree-ring widths of the contemporary, archaeological and historical wood specimens were measured to the nearest 0.01 mm using a
LINTAB measuring stage and the TSAP-Win acquisition and processing software [23]. The growth patterns of the collected stem disks were
highly variable due to the irregular shape of the stem at ground level.
They were measured along 4–8 radii, and averaged in order to reduce
intra-tree variability [11].

2.4. Statistical description of the ring-width series
Several statistical parameters are useful to scrutinize ring-width
series with special regard to stand characteristics and forest management. Average ring width is supposed to provide information on a
number of environmental factors, e.g. stand density, soil fertility and
soil texture, water capacity, etc. [11, 12]. The standard deviation of a
ring-width series is a measure for the variability in the radial growth
rate, and may among others indicate the occurrence of sudden changes

in radial growth rate, like growth releases due to canopy disturbances
or pollarding effects [24]. Oaks are known to exhibit a pronounced
growth or age trends. Such trends could be related to the structure of
the forest and can be partly quantified by first-order autocorrelation
which is the correlation of each value in a time series with the value
of its direct predecessor. The mean sensitivity ( S ; Eq. (1)) is a measure
of the variation in ring width from year to year [11], and theoretically
ranges from 0 (no difference between adjacent years) to 2 (requires a
ring width measurement of “zero”). Low values will represent series
with more or less constant ring widths
1
S = -----------n–1

n–1

xi + 1 – xi × 2

.
∑ ---------------------------------(x
–x )

i=1

i+1

(1)

i

2.5. Growth trends
Ring-width series have an annual resolution, what means that each
growth ring can be assigned to a specific calendar year. Moreover, general trends in tree-ring series; e.g. the age trend, as well as the treering pattern in segments of different cambial age can be considered
and might be more relevant regarding forest dynamics and development. For instance, tree-rings close to the pith are supposed to bear
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Table II. Descriptive statistics of tree-ring series from different contemporary stands with well-known structure, with Quercus spp. (QUSP),
Q. robur (QURO) and Q. petraea (QUPE). AV. No. TR, AV. RW and AV. STDEV: the average number of tree rings, the average ring width and
the average standard deviation of the tree-ring series. MS and AC(1): the means sensitivity and the average first-order autocorrelation of the
tree-ring series. AV. RW (20) and AV. STDEV (20): the average ring width and average standard deviation of the first 20 years of growth.
Site

Species

AV. No. TR
(years)

AV. RW
(mm)

AV. STDEV
(mm)

MS

AC(1)

AV. RW (20)
(mm)

AV. STDEV
(∆20) (mm)

60.8

1.64

0.98

0.37

0.69

2.04

0.83

2.54

0.80

0.22

0.62

2.50

0.75

Natural regeneration of oak under canopy
Mattemburg

QURO

High forest (natural regeneration) + regular thinning
Eisderbos

QUPE

Kleine Homo

QURO

73.0

2.07

0.80

0.22

0.69

2.72

0.93

–

40.2

2.47

0.83

–

–

2.61

0.84

HF-nat. reg. (all)

21.6

High forest (plantation) + regular thinning
Buggenhout

QUPE

116.3

2.79

1.56

0.28

0.91

2.34

1.21

Epeler

QURO

88.1

3.39

1.57

0.26

0.76

2.63

1.28

Groenendaal

QURO

83.9

3.01

1.31

0.23

0.76

3.55

1.26

Zevenster

QURO

87.2

2.42

1.39

0.26

0.79

3.12

1.25

Kwekerij

QURO

134.5

3.22

1.30

0.28

0.67

2.53

0.94

Gemeentebos 12a

QURO

72.6

1.89

0.78

0.23

0.72

1.59

0.69

Gemeentebos 21a

QUPE

73.0

2.00

0.78

0.25

0.63

1.74

0.74

Gemeentebos 28a

QUPE

64.5

2.06

0.89

0.26

0.71

2.36

0.84

Pijnven

QUPE

84.0

1.65

0.84

0.25

0.73

2.54

0.85

–

100.3

2.75

1.38

–

–

2.71

1.15

Kemmel

QURO

72.1

1.97

1.16

0.27

0.74

2.84

1.22

Gruitrode

QURO

66.0

1.14

0.93

0.22

0.79

2.07

1.17

Klaverberg

QUPE

56.0

2.33

0.87

0.21

0.55

2.59

0.84

–

65.0

1.95

1.01

–

–

2.60

1.07

QURO

75.6

2.61

1.34

0.226

0.77

3.64

1.48

HF-plant. (all)
Coppice

Coppice (all)
Standards
Kemmel

more information on (i) the light conditions at the time of regeneration
as well as (ii) the type of regeneration. It is expected that regeneration
from a stool, as is the case for coppiced trees, will result in a higher
radial growth rate during the first years of growth compared to regeneration from acorns, because the shoots can profit from a fully developed root system.
More commonly used in forestry is the basal area increment (BAI)
instead of the ring width. The basal area is defined as the area of the
cross-section of a tree stem near the base, generally measured at breast
height. The BAI is then defined as the increase in basal area of a tree
over a specified time period (e.g. one growing season). Ring-width
series can be converted to annual basal area increments (BAIi; Eq. (2))
assuming that the growth rings form concentric circles. Such a conversion of ring-width series into annual BAI’s helps to remove variation in radial growth attributed to an increasing circumference.
2

2

BAI i = π × ( R i – R i – 1 )

(2)

with BAIi : basal area increment over year i; Ri: sum of all ring widths,
from the pith up to the growth ring with a cambial age of i years, what
equals the radius of the stem (without bark) at the end of the i-th growing season.

3. RESULTS
3.1. Statistic descriptors of tree-ring series
from contemporary forest sites
Descriptive statistics of the tree-ring series from the contemporary forest management systems are listed in Table II. The
youngest trees, mainly at the Eisderbos site, are 20 years old.
Although these trees were cored at breast height, the number
of recorded tree rings from the pith to the bark is considered to
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(a)

(b)

Figure 2. Average growth rate for cambial age classes of 10 successive years,
starting from the pith: (a) radial increment (mm), (b) basal area increment
(cm2). | coppice; U standards; high
forest; « natural regeneration of oak
under pine.

be a good approximation of the tree age. The oldest trees are
about 135 years old and are found on the high forest sites in
the Zoniën forest.
The average ring width is mostly higher in the intensively
managed high forest stands, compared to stands managed as
coppice or naturally regenerating oak trees under a close pine
canopy (Mattemburg). The five sites with the highest growth
rates (Buggenhout, Epeler, Groenendaal, Zevenster and
Kwekerij) are all managed as high forest and are growing on
fertile loamy soils with an adequate water capacity. Other high
forest sites, on more sandy soils (Gemeentebos and Pijnven),
display a more reduced growth rate. Significantly correlated
with the average growth rate is the standard deviation (r² =
0.687; p = 0.001).
The highest values of the first-order autocorrelation, AC(1),
are found on the high forest plantations and coppice stands.
According to these high values, these ring-width series are
expected to display a conspicuous age-related trend. In general,
oaks regenerated from acorns have a less pronounced age trend.
The mean sensitivity of the tree-ring series displays only little variation between the sites (Tab. II). Only on one site, the

Mattemburgh reserve, it peaks to 0.370, what expresses a
higher variation in ring width compared to trees from high forest and coppice stands.
3.2. Description of the observed growth trends
In order to retrieve information on the type of regeneration
– from a stool, from seed or planted from a nursery – the average
radial growth rate and its standard deviation were considered
for the first 20 years of growth (Tab. II). For coppiced stands
this average value is mostly higher than the overall growth rate.
Stands that are managed as high forest display an opposite
behaviour. Their average radial growth rate and standard deviation of the first 20 years is slightly lower than the overall
growth rate.
Only when the average radial growth rate is computed for
cambial age classes of 10 consecutive years, clear trends
become visible. Particularly when for each management system all ring-width series with the same cambial age are averaged into one single series (Fig. 2a). Coppiced trees, i.e. trees
regenerating from a stool, display the highest radial growth
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Table III. Descriptive statistics of tree-ring series from three archaeological sites in Flanders. N: number of tree-ring series. AV. No. TR, AV.
RW and AV. STDEV: the average number of tree rings, the average ring width and the average standard deviation of the tree-ring series. MS
and AC(1): the means sensitivity and the average first-order autocorrelation of the tree-ring series. AV. RW (20) and AV. STDEV (20): the
average ring width and average standard deviation of the first 20 years of growth.
Site

N

AV. No. TR
(years)

AV. RW
(mm)

AV. STDEV
(mm)

MS

AC(1)

AV. RW (20)
(mm)

AV. STDEV
(∆20) (mm)

Oudenburg 1

8

38.4

3.35

1.37

0.23

0.73

3.99

1.31

Oudenburg 2

14

46.5

2.88

1.13

0.20

0.80

3.19

1.44

Ypres (< 50)

54

31.6

2.38

0.83

0.22

0.60

2.63

1.19

Ypres (> 50)

57

78.7

1.41

0.72

0.23

0.72

1.80

0.98

Lissewege (< 50)

21

38.1

3.10

0.51

0.24

0.51

3.28

1.83

Lissewege (> 50)

12

71.3

2.31

0.66

0.27

0.66

2.56

1.41

rates in the first cambial age class (a cambial age of 1 to
10 years, starting from the pith). After they reached an age of
ca. 20 years the growth rate rapidly decreases, and tends to stabilize at an age of 50–60 years. The widely spaced standards
follow the same pattern, but the decrease in growth rate starts
at least 10 years later. Oak trees in a high forest system display
an increasing growth rate in the first 20–30 years, after which
the growth rate steadily decreases. Naturally regenerating oak
trees, which are shaded by pine trees in the Mattemburg reserve,
also exhibit a rising growth rate over the first 10–20 years after
germination. This trend is reversed after 20 to 30 years and
starts to increase again at an age of about 50 to 60, probably
because of a less disadvantageous interference with the pines
for light and nutrients.
Diverse growth trends are observed as well when BAI’s are
computed for the same cambial age classes (Fig. 2b). The high
forest shows a constantly increasing growth trend over the first
100 years. For the first 50–60 years of growth the increase in
BAI displays a constant and positive slope, which is then followed by a more moderate growth. The oak trees that regenerated under a close pine canopy also exhibit a constantly
increasing growth trend but with a more gentle slope over the
first 50–60 years compared to the high forest system. After 50–
60 years the slope of the BAI-curve starts to increase, similar
to the trend observed for the radial increment. The BAI of the
coppice trees behave slightly different, with a rapid increase in
the first 10 to 20 years of growth, after which the BAI starts to
rise at a more gentle pace. This trend is even more pronounced
for the more widely spaced standards from a coppice-withstandards site. For these trees the BAI increases rapidly over
the first 20–30 years of growth and then levels out or even starts
to decrease.
3.3. Statistic descriptors of tree-ring series
from historical and archaeological sites
A comparison of the descriptive statistics of the archaeological and historical wood specimens (Tab. III) with the tree-ring
series from modern oak trees demonstrates that all values fall
within the same range. For the tree-ring series from Ypres and
Lissewege a striking difference in growth rate is observed when
the series are divided arbitrarily in two groups according to their
total number of rings. The shorter series (with less than
50 rings) exhibit a remarkably higher growth rate compared to

the group with the longer tree-ring series. This is even more pronounced when only the first 20 years of growth are considered
for both groups (Tab. III).
Ring-width patterns of wood specimens from the two
archaeological sites and the medieval building were subjected
to similar calculations as those of the contemporary trees
(Figs. 3a, 3c and 3e). For archaeological wood specimens it is
difficult to convert the ring-width series to BAI’s since it is not
possible to locate the sample compared to breast height (1.3 m).
Nevertheless a conversion of the tree-ring widths by
equation (2) will deliver satisfying results (Figs. 3b, 3d and 3f).
They should be considered as an approximation of the actual
BAI.
The tree-ring series from the excavation at Oudenburg were
rather short, never exceeding a length of 75 years. The radialgrowth rates for the cambial age classes display a striking
resemblance with the growth rates for contemporary trees from
coppice stands (Fig. 3a). The high and increasing initial growth
rate over the first 10–20 years is followed by a sudden decrease.
When regarding the BAI’s over the same cambial age classes,
a pronounced increasing and nearly linear trend is obvious over
the first 30 years of growth (Fig. 3b). This continuously rising
trend is then halted and starts to decrease rapidly.
All tree-ring series from the excavations near Ypres were
also aligned according to their cambial age. The radial growth
rates did not display a clear trend similar to one of the contemporary forest management systems. Radial growth rates were
then calculated separately for trees with less and more than
50 tree rings (Fig. 3b). It is apparent that the short tree-ring
series exhibit a significantly higher radial growth rate than the
longer series. The growth rate of the short series also decreases
rapidly after ca. 20 years whereas the growth rate of the longer
series only displays a gradual decrease. The general trend in
BAI has a gentle and positive slope for both groups (Fig. 3c).
Short series have, compared to the long series, a more rapidly
increasing BAI over the first 10–20 years. Then the BAI stays
nearly equal over the remaining growth period.
A similar procedure was applied to the tree-ring series from
the medieval storage house at Lissewege. Again the average
radial growth rates of the total data set did not show a clear
agreement with one of the growth-ring patterns from the contemporary oak trees. A division into two distinct classes, with
the series holding less than 50 growth rings separated from the
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(b)

(c)

(d)

(e)

(f)

Figure 3. Growth-patterns from archaeological sites ( and ¡): (a, b) Roman wells from Oudenburg (ca. 350-450 A.D.), (c, d) revetments and
foundations sites near Ypres (ca. 1250-1300 A.D.), (e, f) construction timber from a medieval storage house (1358-1370 A.D.) at Lissewege.
| coppice; U standards;
high forest; « natural regeneration of oak under pine.

longer ones, made the underlying differences more clear
(Fig. 3c). The longer series display, after a short increase in
growth rate, a slowly decreasing growth rate. This contrasts the
shorter series, which have a high and increasing growth rate
over the first 40 years, followed by a drastic decrease. When
converting the ring-width series to BAI, similar discrepancies
between the two groups of long and short series can be observed
(Fig. 3f).
4. DISCUSSION
Stand density, beside soil fertility, soil texture, water capacity and climate, is often considered as the most important factor
to influence the general level of the radial growth rate. The aver-

age radial growth rate is therefore not suitable to provide more
information on the forest structure than just stand density. Values of mean sensitivity and first-order autocorrelation are comparable to other oak stands in Europe (e.g. [20]). The highest
mean sensitivity, recorded for the Mattemburg oaks, is probably induced by the more irregular nature of disturbances in an
unmanaged pine stand with natural regeneration of oak. It can
be concluded that the descriptive statistics mentioned have a
limited potential for deducing information on stand structure
and management.
The remarkable difference in growth rate between the long
tree-ring series and the series with less than 50 rings suggests
that the latter are not just the younger version of the former.
Both groups probably experienced a different regeneration or
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had a completely different social status in the young developing
forest.
Up to now, classification of historical and archaeological
tree-ring series according to forest types is still based on
assumptions. Nevertheless it is striking that confrontation of
tree-ring patterns from archaeological sites with the data from
contemporary oak trees reveals that highly similar and analogous growth trends are being observed. The growth rate can be
expressed as ring width or as BAI. This allows further interpretation and the formulation of several hypotheses about
former forest structure and management. Moreover, the
method presented has the advantage that it not necessarily
requires large data sets, unlike the method developed by
Billamboz [4, 6]. The latter method, termed dendrotypology,
classifies timber from archaeological sites using dendrological,
dendrochronological and techno-morphological criteria. Single series with similar cambial age and growth trend are assembled into so-called local dendro-groups. This also leads to a
more detailed insight in the age structure and dynamics of the
stands where the wood was harvested.
Tree-ring series from the archaeological sites near Ypres and
the medieval storage house at Lissewege exhibit a growth pattern that is more similar to oaks from a high forest stand or naturally regenerated oaks under close canopy. More specific, this
statement holds for the longer tree-ring series, i.e. with more
than 50 years (Figs. 3c and 3e). The ring widths for the different
cambial classes display a slowly decreasing trend. Moreover,
the increase in BAI is nearly linear for the first 40–60 years of
growth (Figs. 3d and 3f). Both characteristics are similar to
trees from high forest stands. On the other hand, short series
from wood specimens of the Oudenburg and Ypres excavations
display high similarities in growth trend with contemporary
oaks from coppice stands, both in radial increment (Figs. 3a and
3c) and in BAI (Figs. 3b and 3d). Short series from the medieval
storage house at Lissewege (Fig. 3c) also display such a “coppice-like” trend. But for these wood specimens it is striking that
the sudden decrease in growth rate only occurs after ca. 40 years
of growth, what seems to be similar to the growth pattern from
the widely spaced standards from a coppice-with-standards stand.
The overall growth rate of the Lissewege samples is also
considerably high. So during the construction of the storage
house (A.D. 1365-1370) fast-grown oaks were preferred. This
also has some implications regarding the mechanical properties
of the oak wood. Timber from fast-grown oaks is usually of the
high-density type. For many ring-porous oak species, this type
of wood often has better strength properties [33]. So the medieval constructors might have been aware of this, and preferred
to use these fast-grown oaks. Indeed, wood density is an important feature that influences the overall quality of timber. For
oak, the density is mainly controlled by the cambial age and the
ring width [33]. The amount of the denser latewood will
increase when the total ring width increases. According to
recent research on oak trees from northern and central France,
wood density hardly changes according to the type of forest
management, site quality and geographic location, when cambial age and ring width are kept constant [13].
The implemented silvicultural management must have
altered the available wood assortments over time [2]. The
increasing popularity of short rotation systems as coppice and

coppice-with-standards during Roman times and the Middle
Ages will have resulted in timber of reduced dimensions. Trees
from short rotation systems, as coppice, will usually be felled
before they reach an age of 50–60 years. Such young oak trees
have proportionally more juvenile wood. Also, young oak trees
(less than 100 years old) have generally less sapwood rings
compared to older (more than 100 years old) trees [15, 16, 18].
But, for the same growth rate, young trees have a relatively
higher percentage of sapwood. In Flanders, a 1 m long log from
a 50-year-old tree with an average growth rate of 2 mm/year
has ca. 60% of sapwood where a similar log from a 150-yearold tree has only ca. 30% of sapwood. Wood from a short rotation system thus yields a reduced amount of durable heartwood.
Tree-ring patterns that are likely to come from a coppice
stand have been found on sites from the late Roman period
(Oudenburg). Probably this practice goes back much earlier, as
observed by Billamboz at Lake Constance/Bodensee [3, 5, 6].
Similar growth trends were observed in coppiced stands in
southern England and Wales [10], what broadens the validity
of this method outside the Flemish region where the studied
tree-ring series were collected. Wood found on archaeological
sites is not necessarily representative for the nearest wood
resources at that time. Nevertheless it is striking that so much
wood specimens, used for construction purposes, seem to be
related to contemporary coppice stands. This is remarkable
since a primary goal for coppice management must have been
the supply of firewood. This could indicate that from the
remaining forests, coppice stands were the most abundant and
that medieval craftsmen were dependent on those sites for the
provision of timber.
The considerations regarding the physical and mechanical
properties of the local timber yield additional arguments for the
import of high-quality timber of oak. It is well documented that
ever since the 9–10 century vast amounts of high-quality timber
with Baltic origin have been imported [17, 27]. This is also
founded with dendrochronological evidence, especially with
tree-ring series of wooden object from the 14th to 16th centuries
[7, 8, 30, 31].
Past interventions in forest or woodland structure are still
preserved in the growth-ring patterns of wood specimens found
on archaeological sites. These growth patterns provide a useful
tool in the reconstruction of past forest structure. It also provides more information and insight in the available wood
assortments in former times. Although this study has focussed
on European oak, recent observations on some cross-sections
of ash (Fraxinus excelsior L.) from a coppice stand revealed a
highly similar trend in their growth pattern compared to the oak
specimens (Haneca, unpublished data). This opens future prospects for forest and woodland reconstruction, and stimulates
further characterization of growth patterns that are related to a
specific stand structure or silvicultural management system.
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