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Abstract: Some 2600 bog oaks have been dated from German, Dutch and Irish bogs covering the period 6000
bc to ad 1000. The ring patterns of these ‘bog oaks’ are characterized by recurrent, long-term growth
depressions. In addition, obvious changes in the temporal distribution of the bog-oak trunks throughout the
Holocene are found. Both features were probably caused by unfavourable growth conditions, which are most
likely linked to changes in site hydrology. We use a new variable, ‘annual mean age’, as a tool to analyse the
population dynamics of bog oaks in more detail, enabling the detection of synchronous intersite and interre-
gional changes. It is calculated as the arithmetic mean of the age of all trees in each calendar year. We
performed the calculation on regional (Germany, The Netherlands, Ireland) subsets of the bog-oak series.
Abrupt changes in annual mean age are taken to indicate periods of generation change. We � nd good agreement
for the interval from 5000 bc to 2000 bc between the continental (combined German and Dutch) and the Irish
mean-age chronologies. Most changes in population dynamics correspond with contemporary changes in the
associated regional tree-ring chronologies. It is concluded that the observed changes in population dynamics
and growth activity are responses to common environmental forcing, most likely related to climate.

Key words: Bog oaks, Quercus spp., dendroclimatology, annual mean age, population dynamics, germination,
dying-off, Germany, The Netherlands, Ireland, European climate, Holocene.

Introduction

The dendrochronological data set of absolutely dated subfossil oak
trunks from German, Dutch and Irish bogs consists of some 2600
tree-ring series, derived from approximately 200 sites. Until now,
research on these ‘bog oaks’ has provided absolutely dated tree-
ring chronologies that extend from 6069 bc to the tenth century
ad (Pilcher et al., 1984; Leuschner, 1992; Baillie, 1995; Jansma,
1995; Spurk et al., 1998; Leuschner et al., 2000). The large
amount of bog-oak material that has been assembled and placed
on an absolute annual timescale offers the possibility to use
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different means to analyse the time series in terms of hydrology
and climate.

The tree-ring patterns of bog oaks from the same sites, as well
as from different sites, show common variability, including
synchronous intervals of prolonged growth depression (e.g., Bail-
lie, 1995). Studies on population dynamics of German bog oaks
show evidence of synchronous intersite germination and dying-off
phases, which sometimes coincide with the long-lasting growth
depressions (Leuschner et al., 1985; Leuschner, 1992). However,
as the number of investigated sites increased the picture became
diffuse. It became obvious that, besides regional climatic factors,
other, often local, environmental factors were involved (Delorme
et al., 1981). The same holds true for the depression phases in the
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tree-ring series. These often appeared simultaneously in trees of
one site while lacking in those of other, sometimes even neigh-
bouring, sites. In order to attempt a better understanding of the
two phenomena, we made comparisons on a larger geographical
scale, between the whole of the German, Dutch and Irish data sets.

The objective of the study is to analyse the population dynamics
of bog oaks from different European regions throughout the Holo-
cene. For this purpose we introduced a new parameter, namely
the mean age of all oaks in every calendar year. Together with
the analysis of common long-term depressions in the regional
bog-oak chronologies,we propose a tool to detect overall changes
in hydrological site conditions.

The bog-oak material

Bog oaks occur occasionally in the buried remains of former mire
woodlands, where they grew in association with common species
of swamp forests such as black alder (Alnus glutinosa), birch
(Betula pubescens), willow (Salix spp.) and ash (Fraxinus
exelsior). In special cases, oaks have been known to reach ages
up to 840 years (Huber et al., 1949); in undisturbed stands, ages
of 400 to 500 years are considered normal. However, it is evident
that most bog oaks die at much younger ages. This must have
been caused by changes in the ecological site conditions and/or
stormy phases. The geology, soil structure and hydrology of bog
sites are complex and heterogeneous (Overbeck, 1975; Succow
and Joosten, 2001). The oaks grew under marginal ecological con-
ditions where high groundwater levels prevailed, either on the
margins of peat bogs on mineral soil or – during drier periods –
directly on the peat. Changes of the hydrology had a major impact
on the growth of the trees and the population dynamics of these
ancient woodlands. When the groundwater table rose and reached
the surface during longer periods of the year, the trees suffered
or died due to the shortage of oxygen in the root zone. At the
same time the establishment of oaks was inhibited (Kozlowski,
1984; Armstrong et al., 1994).; The horizontal and vertical exten-
sion of the bogs caused the trees to become (slowly) overgrown
and preserved by the peat (Leuschner and Delorme, 1986). A
change to generally drier conditions (decreasing groundwater
levels) would eventually lead to the re-establishment of trees at
the lower locations of the site.

We used the dated tree-ring series of some 2600 bog oaks from
approximately 197 sites located in northern Germany, The Nether-
lands and Ireland (Figure 1). The results presented here concern
the larger part of the European bog-oak data set, though not its
totality. The bog oaks from East Anglia have been excluded, as

Figure 1 Location of bog-oak � nds in Germany, The Netherlands and
Ireland.

well as all samples from marine and brackish sediments and Dutch
bog-oak series investigated after July 2001.

Methods

Detrending the tree-ring series
While pines, and to some extent land-grown oaks, have a pro-
nounced growth trend, wherein rings narrow with increasing age,
bog-oak tree-ring series are characterized by weak age trends with
episodes of increased variability. Given this unusual bog-oak ring
pattern, we applied different high-pass � lters in order to remove
the age trends and to maximize the common long-term variation.
Satisfactory results were achieved with the following approach.
The series were � rst logarithmically transformed, then � ltered by
a dynamically weighted moving average. The length of the mov-
ing average varies according to the variance of the ring-width
series. On average, the � lter width was de� ned as 140 years
(variable Kern-Filter; Riemer, 1994). In this manner, volatile
intervals with a large variance, such as abrupt changes of the
growth rate, are � ltered more intensively than smooth intervals
that show little variance. Other (statically weighted) � lters would
have turned long-term growth changes into more gradual
� uctuations. To enhance the long-term growth variations of the
resulting index tree-ring chronologies we used a (parabolic)
weighted 15-year running mean as a low-pass � lter (Riemer,
1994). This � lter was also used to remove the high-frequency
component from the mean-age chronologies.

Compilation of regional bog-oak
chronologies

We compiled four regional tree-ring chronologies from the dated
bog-oak series for (1) northern Germany, (2) The Netherlands,
(3) Ireland and (4) a so-called ‘continental’ chronology, being a
combination of all German and Dutch bog-oak series. The chrono-
logies, which together span the interval 6000 bc to ad 1000, were
calculated as the arithmetic mean of all the single � ltered tree-ring
series from each area. A running mean of 15 years was applied
to the chronologies to enable visualization of the long-term
variability of the average annual growth rates. We also calculated
the replication (i.e., the number of trees per calendar year) for
chronologies 1 to 3.

Population dynamics indicated by
annual mean age

The � rst step was a visual comparison of the temporal distribution
of the northern German, Dutch and Irish bog oaks. All the trees
were grouped per site against an absolute timescale (x-axis); every
individual tree being represented by a bar that represents its life-
span from germination to death. In case of partly rotten and
missing stem segments, an estimation of missing rings to pith and
bark was made. A period of � ve years was taken into account to
adjust for the period a tree needs to reach sampling height.

The second step was the calculation of a mean-age chronology
for the three regions. The mean-age value for each given year is
calculated as the arithmetic mean of the age of all single trees in
this speci� c year. This value combines germination and dying-off
phases in a single variable. Besides the calculation of a mean-
age chronology for Germany, The Netherlands and Ireland, we
calculated a so-called continental (combined German-Dutch)
mean-age chronology that was subsequently compared to that
from Ireland. When interpreting segments of the mean-age

 at University Library Utrecht on September 20, 2016hol.sagepub.comDownloaded from 

http://hol.sagepub.com/


ADVANCE-10K Special Issue: Long oak chronologies from temperate Europe 697

chronology we focused on two characteristics: intervals with a
dominating positive or negative slope and the occurrence of
notable maxima and minima, i.e., the heights of positive and nega-
tive peaks. The slope of a mean-age chronology in a given period
provides information about the relative frequency of trees that ger-
minated and died. The height of maxima in a mean-age chron-
ology is related to the duration of undisturbed phases and the
number of dominating old trees that within a given population of
trees are able to keep up and survive.

The extremity of minima in a chronology re� ects the severity
of gap events. Changes of the slope of the smoothed mean-age
chronology were calculated using � rst differences. Maxima and
minima were determined visually. With regard to the slope of the
mean-age curves, two extremes can be imagined: � rst, a steady
increase at an angle of 45 degrees would imply undisturbed
growth conditions and ageing of all trees (with no trees dying);
second, an abrupt decrease of a segment of the chronology down
to zero, within one year, would indicate that all the trees had died
simultaneously. A third theoretical option is where the mean-age
chronology is relatively horizontal, implying a ‘natural’ continu-
ous regeneration,where about the same number of trees germinate
and die through time.

To summarize, changes in mean-age chronologies can be inter-
preted in a meaningful way; in particular, an abrupt decrease in
a mean-age chronology will tend to re� ect a major gap event fol-
lowing a period of relatively undisturbed growth. In contrast,
minor wiggles and changes in slope re� ect small-scale population
dynamics that occurred on single sites and/or affected only part
of the tree population. With this template for interpreting mean-
age chronologies, we visually compared the � rst differences of
the mean-age chronologies to both the smoothed continental and
Irish tree-ring chronologies.Because mean age and detrended ring
widths are mutually independent, this helped the objective identi-
� cation of coincident phases of generation changes and abrupt
growth changes.

Results and interpretation

Temporal distribution of the subfossil oaks
Figure 2 shows the temporal distribution of the investigated
subfossil oak series from northern Germany, The Netherlands and
Ireland. The series run from 6069 bc (Germany) to ad 1596
(Ireland). The German and Irish series are continuously replicated
throughout most of this period, whereas the smaller collection of
Dutch bog oaks shows a gap between 4700 and 3500 bc. The two
oldest collections of Dutch bog oaks are not linked to the main
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Figure 2 Replication (number of trees through time) of German, Irish and
Dutch bog oaks.

body of Dutch bog-oak material. These trees, from the � fth and
sixth millennia bc, were dated against an earlier version of the
German bog-oak chronology (Jansma, 1996). In each of the three
regions the replication varies considerably through time (Figure
2). No common interregional variation in the replicated curves
can be identi� ed, with the exception of the period between 3300
bc and 2000 bc where the temporal distribution patterns of
German and Irish oaks weakly match.

Characterization of the ring-width pattern
Figure 3 shows the growth patterns and population dynamics that
characterize bog oaks. Two periods are depicted (5400–3600 bc,
and 1200 bc–ad 600). Subsets of the German bog-oak series that
date within these periods are grouped by site and according to the
date of their death.

The ring patterns of all oaks show long-lasting growth
depressions (sequences of narrow rings, marked in black) many
of which start and end abruptly (Figure 3). They occur syn-
chronously in both young and old trees, which means that there
is no age-dependentdifference in susceptibility to growth-limiting
factors. Most of the bog-oak samples lack at least the outermost
sapwood rings. Therefore it was not possible to check if phases
of dying-off are preceded by growth depressions. However, some
samples that do contain the outermost rings reveal long-lasting
growth depressions before dying-off (Figure 3). Growth
depressions are in part site-speci�c, but also occur synchronously
across different sites. The regional chronologies clearly express
these common phases of suppressed growth (e.g., Figure 8).

Characterization of the population dynamics
Figures 4 and 5 show the temporal distribution of the German
and Dutch as well as the Irish bog oaks from 6200 bc to ad 1700,
with the regional mean-age chronologies beneath. Obvious phases
of combined germination and dying-off events (GDOs) are
marked by dotted lines and are labelled in two digits according
to their date (e.g., bc 52 5 5200 bc and ad 04 5 ad 400).

In terms of general trends in population dynamics, we can dis-
tinguish two different patterns of development, most likely
re� ecting two different types of woodlands. The � rst type rep-
resents woodlands that developed and existed during a period of
hundreds, sometimes thousands of years. In these sites we can
observe less distinct phases of germination and dying-off (German
sites 201 and 307; Figure 4). The second type represents wood-
lands where the majority of oak trees existed for only a few hun-
dred years, representing essentially one generation of trees. Here,
germination and dying-off was much more pronounced (Figure
3a no.115; Figure 3b no. 323).

Generation changes (GDOs) in bog oaks are not distinct in
terms of clearly de� ned successive phases of dying-off and germi-
nation (Figures 3, 4 and 5). We � nd no evidence of abrupt
‘catastrophic’ dying-off events, with many trees dying in the same
(single) year. Instead, we observe patterns of accumulated dying-
off events which spanned several years to decades, sometimes
coinciding with or followed by phases of regenerationon the same
or different sites (Figure 3a, around 5000 bc). Phases of dying-
off often coincided with growth depressions in the surviving trees
(Figure 3b, around 700 bc). The German material shows intervals
of striking intersite agreement in terms of germination and dying-
off events (generation change; Figures 3, 4 and 5; Table 1). Most
of these generation changes are clearly re� ected in the af� liated
mean-age chronologies. In general, it can be seen that the mean
age of the trees steadily increases when no or only minor popu-
lation changes occur and the existing trees live on. It decreases
when older trees die while younger trees live on and new trees
germinate, or when the germination rate exceeds the dying-off of
(older) trees. In more general terms, this could be thought of as
undisturbed (mean age increasing) and disturbed (mean age
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Figure 4 The lifespans of bog oaks from Germany (GB, n 5 1561, 101 sites) and The Netherlands (DB, n 5 301, 43 sites) clustered according to their
site provenance. The lower curves represent the annual mean ages of the trees in the two regions through time. Decreases in the mean age (determined
optically) are marked by dotted lines and labelled in two digits according to their date (e.g., BC50 5 5000 bc and AD05 5 ad 500). Episodes of notable
similarity are shown by grey boxes.

decreasing) populations. Striking changes in population dynamics,
re� ected by a sudden drop of the mean-age values in both the
German and Dutch mean-age chronologies,occurred around 5040,
4350, 3970, 2820, 2550, 2000, 1550 and 150 bc and ad 540
(Table 1). In these periods, a lot of older trees suddenly die and –
at the same time or with some delay – many young trees enter
the collections.The steep decrease is pronounced by the preceding
relatively long periods (200 to 300 years) of undisturbed tree
growth (horizontal or positive slope; e.g., 2820 bc, 720 bc). Look-
ing at the 3970 bc event, it becomes obvious that changes in popu-
lation dynamics are not necessarily the result of one drastic event,
but may occur as the result of successive events.

Most GDOs listed in Table 1 also show up in the Irish bog oaks.
However, in Ireland the most striking event took place around 950
bc, which represents a complete generation change and a change
to sites without surviving older trees. The German and Dutch
mean-age chronologies show a generally good agreement,
especially in the well-replicated intervals (Figure 4). Problems
occur in weakly replicated intervals, such as the period around

700 bc, where one single oak dominates the run of the Dutch
mean-age chronology and dampens its negative slope.

The good agreement between the German and the Dutch tree-
ring chronologies (also re� ected by good intercorrelation in the
high-frequency variations, not shown here) and the mean-age
chronologies justi� ed the combination of the German and Dutch
bog oaks into a continental subgroup.

Comparisons of the continental and Irish mean-age
chronologies
In Figure 6, we compare the continental mean-age chronology to
the Irish mean-age chronology. Despite the great distance between
both regions the agreement is remarkable. Between c. 5500 and
2000 bc there is agreement between the low-frequency variability
of the chronologies, and in addition synchronousGDOs occur, for
example, around 3970, 2820 and 2000 bc. While at � rst sight the
strong drop at 2000 bc seems to be lagged by around 50 years in
the Irish mean-age record, closer inspection indicates that the
rapidly rising age curve in Ireland shows a break of slope

 at University Library Utrecht on September 20, 2016hol.sagepub.comDownloaded from 

http://hol.sagepub.com/


ADVANCE-10K Special Issue: Long oak chronologies from temperate Europe 701

Figure 5 The lifespans of Irish bog oaks (IB, n 5 741, 51 sites) clustered according to their site provenance. The lower curve represents the annual mean
age through time. Decreases in the mean age (determined optically) are marked by dotted lines and labelled in two digits according to their date, as in
Figure 4.

Table 1 Examples of major germination and/or dying-off events in European bog oaks

Time Kind of event* Simultaneous depression

Germany Netherlands Ireland Continent Ireland

–5040 GDO G GDO yes yes
–4350 GDO – GDO yes yes
–3970 GDO G GDO yes no
–2820 GDO GDO GDO no no
–2550 GDO GDO GDO no yes
–2000 GDO GDO GDO yes yes
–1550 GDO GDO – yes yes
–950 – – GDO yes yes
–720 GDO DO G yes yes
–150 GDO GDO – yes yes
+540 GDO GDO GDO yes yes

* G 5 germination, DO 5 dying off, GDO 5 both.

synchronous with the German record. So, although not precisely
in synchronization, even at this point the two records retain a
strong similarity.

If we accept that there is good long-distance agreement from
c. 5500 to 2000 bc in the low-frequency component of the chrono-
logies, interestingly there is also strong agreement in the high-
frequency variability for this time interval. However, after 2000
bc, this situation also changes with the former, generally good,
agreement disappearing. Shorter periods of similar population
dynamics reappear after 700 bc. It is obvious from this compari-
son that around 2000 bc something happened which caused a shift
in growth conditions in either one or both regions, and that this
shift led to different and non-synchronous population dynamics.

Comparisons of mean-age chronologies and
long-term ring-width variations
Figure 7 outlines the relationship between the mean age and
the long-term tree-ring width variations of the continental bog
oaks between 2000 and 1000 bc. First differences, used to
detect abrupt changes of the mean-age chronology, show mini-
mal values around 1740, 1680, 1550, 1470, 1400 and 1030 bc.
These all coincide with contemporary long-term depressions in
the tree-growth chronology. The length of the growth sup-
pression provides a hint to the duration of unfavourable
growth conditions. The pronounced slope of the mean-age
chronology at these events indicates changes in population
dynamics which occurred abruptly and which concerned the
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Figure 6 Regional-scale comparison of annual mean-age chronologies between continental (all German and Dutch; grey) and Irish bog oaks (black).
Phases of good agreement are shown by grey boxes.

Figure 7 Example period (2000–1000 bc) for the continental (combined German and Dutch material) oaks comparing the smoothed tree-ring chronology
(A), the mean-age chronology (B) and the chronology of � rst differences derived from the mean-age chronology (C), with 15-year running means. Arrows
indicate grown depressions in the tree-ring chronology, which coincide with abrupt changes in the slope in the mean-age chronology, expressed by minimum
peaks in the chronology of � rst differences.

majority of the trees. This means that these striking changes,
both in ring width and in population dynamics, may have been
related to general shifts towards growth-limiting environmen-
tal conditions.

We compared the most important tree-ring parameters, i.e.,
long-term variations in annual tree growth and mean age (� rst
differences), throughout the Holocene for the continental and Irish
bog oaks (Figure 8). The upper graph in Figure 8 shows the annual
tree-ring-width chronologies with periods of good visual agree-
ment marked in grey. In general, the chronologies agree well
across relatively long intervals. Exceptions are intervals where the
replication is poor, such as around 1000 bc and between 2600
and 2400 bc (see also Figures 2 and 5). A reason for the poor
agreement around 1 to 300 bc may be that this period in the Irish
bog-oak chronology is replicated by English land-grown trees
from Roman sites; no bog oaks could be found in Ireland between
c. 230 and 50 bc (Baillie, 1995).

Signi� cantly, in contrast to the breakdown in similarity between
the mean-age chronologies after 2000 bc (noted above), no obvi-
ous change in agreement can be noticed between the continental
and Irish tree-ring chronologies for the period after 2000 bc; on
the contrary, there is a good visual tree-ring agreement in the
period between 2400 and 400 bc.

The two annual growth chronologies and the � rst-difference
series of their mean-age chronologies agree well across large
intervals (Figure 8). This means that annual-growth rates and
annual mean age, which are statistically independent, in part
re� ect the same ecological changes. Many of these changes are
represented by both the continental and Irish data sets. This agrees
with our hypothesis that they must have been the result of a strong
common forcing by macroscale environmental factors. This
reinforces the idea that mean age is giving a different interpret-
ation of past conditions in comparison with more conventional
tree-ring-width chronologies.
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Discussion and conclusion

The analysis of large dendrochronological data sets of northwest-
ern European bog oaks in terms of mean age produces clear data
about the population dynamics in former mire woodlands.
Together with detailed information from the associated ultra-long
tree-ring chronologies, they constitute a valuable basis for the
reconstruction of large-scale changes of the Holocene hydro-
regime.

The similarity of both parameters, mean age and tree-ring
width, is striking for the whole of the research interval, c. 6000
bc to ad 1000. Given the scale of the similarity (see, for instance,
the interval 5400–2000 bc), it is highly unlikely that it was the
result of synchronous human intervention; parallel changes are
observed to occur in Germany, The Netherlands and Ireland. Tak-
ing into account that the ecological conditions in former mire
woodlands were marginal for oak, this similarly must have been
the result of a strong forcing by macroscale environmental in� u-
ences. These in� uences were most likely expressed as hydrolog-
ical changes. It is evident that changes of hydrology have a major
impact on tree growth and population dynamics in mire wood-
lands; this holds true for changes towards both drier and wetter
conditions. Oaks that grow in mire woodlands have shallow roots
and are therefore susceptible to a decreasing groundwater table
(Schmid et al., 1995). However, abrupt, long-term changes
towards lower groundwater tables are not very likely to occur in
natural mire ecosystems; they are more common in woodlands
that are in� uenced by human activity. Besides, a change towards
generally drier conditions would have prevented the preservation
of dead trees in the peat; whereas we do in fact � nd their remains
today. An increase of the already high groundwater table, on the
other hand, induces anoxic conditions in the root zone and results
in growth depressions and – if occurring for longer periods – may
cause the dying-off of trees (Kozlowski, 1984). This scenario is
most likely what happened in (former) mire woodlands. The major
arguments that con� rm this view are listed below.

The continental (combined German and Dutch) and the Irish
mean-age chronologies show a striking similarity throughout long
periods in the Holocene. Eleven very clear germination and dying-
off events (GDOs, Table1) are marked as major gap events, i.e.,
periods of generation change in mire woodlands in northwestern
Europe. In most cases, these events coincide with long-term
changes in the tree-ring pattern of the European bog oaks. Some
of these events have been mentioned as periods of environmental
changes that were indicated from other proxy records or obser-
vations. One very clear dying-off/germination phase occurred
between 4000 and 3900 bc. During this period, the climate in
northwestern Europe appears to have been relatively wet, some-
thing which � rst showed up in terms of a chronology construction
problem in both areas (Baillie, 1995). In addition, there is a gap
event visible in the German riverine material (Spurk et al.,, this
issue). Then, until 2600 bc, it gradually became drier. This is
indicated in Ireland where the greatest abundance of bog oaks
occurs in this interval (Figure 2). Between 2600 and 2500 bc it
again seems to have become wetter, with one of the periods of
poorest replication in the Irish chronology centred on 2500 bc
(Baillie et al., 1983; Brown et al., 1986). It is interesting that in
Figure 5 there is a long-term overall increase in the Irish mean-
age curve from 3900 until 2600 bc, also implying a turn to rela-
tively stable and presumably drier conditions.

After 2000 bc there is a lack of agreement between the large-
scale continental and Irish mean-age chronologies. In this context
it is interesting to mention Dalfes et al. (1997) who document
widespread indications of major environmental change in the later
third millennium bc. Thus it could be that around 2000 bc there
was a ‘system shift’ in global climate and the effects are seen
in the breaking-down of an otherwise stable set of long-distance

similarities in European oak. However, there is also the possibility
that human activity starts to have greater effects on the landscape.
As an example of the dif� culty of separating human and natural
factors, take the very notable drop in the Irish mean-age chron-
ology at 950 bc. Baillie and Brown (1996), looking purely at the
Irish evidence, have noted that this drop in the frequency of nat-
urally preserved bog oaks in Ireland coincides with a major build-
ing phase involving oak trackways and settlements in bogs; some-
thing they argue may have been due to overall drier conditions
between c. 1000 and 880 bc. However, reference to Figure 3b
and Figure 8 shows that German bog oaks exhibit severe growth
depression in the middle of the tenth century bc. This wider con-
text implies an environmental component, which could involve
wetter conditions, something that could equally have contributed
to the demise of Irish bog oaks at that time.

Indications for another sudden turn towards wetter climatic con-
ditions in the � rst millennium bc can be found from dendrochron-
ologically dated wood from continental archaeological exca-
vations. One example involves two distant sites, an iron-age
settlement in Biskubin, Poland (Wazny, 1994), constructedaround
720 bc, which was abandoned most likely because the conditions
became too wet, and a bog trackway in northwestern Germany
(Schmidt, 1993),which was constructed between 720 and 710 bc
and which was overgrown in a relative short period by raised bog.
Here it is the rapid bog growth which implies wetter conditions
in� uencing the human construction activity. Note how the den-
drochronological dates make for total separation of this event
from the c. 1000 to 880 bc phase in Ireland; something which
might not be so obvious if a radiocarbon chronology were
involved.

Another example relates to the c. 150 bc event indicated in Fig-
ures 3b and 4. Here we � nd disparate pieces of relevant evidence.
First, there is the near disappearance of Irish bog oaks between
c. 230 and 50 bc, something which should imply bogs becoming
wetter. Second, there is a major dying-off phase in the German
bog oak material (Delorme et al., 1981; 1983) and a germination
phase in the German riverine oak material just at the same time
(Delorme and Leuschner, 1983; Spurk et al., this issue). Spurk
et al. (this issue) state that such germination phases were generally
triggered by wet conditions. However, the construction of major,
and very similar, oak roadways in Ireland in 148 bc (Baillie and
Brown, 1996) and in Germany c. 180 bc and c. 130 bc (Raftery,
1996) again introduces human-related evidence for interaction
with wet areas into the overall environmental equation. Thus it
may well be that increasingly wet conditions force people to con-
struct trackways across bogs in order to maintain pre-existing
routes.

It is not possible to document every detail of the mean-age
chronologies in a single paper, but hopefully the points made
above give an indication of the possibilities opened up by having
access to large bodies of precisely dated tree-ring data from a
wide geographical grid. However, it is worth pointing out one last
striking GDO event which shows up very clearly in the German
and Dutch records (Figure 4). This event occurred around ad 540,
a date which has already been observed as a global tree-ring
downturn associated with a severe dust-veil event (Baillie, 1994).
Currently there is a debate as to the cause of the global event, with
two schools of thought. One suggests a volcanic cause involving a
hypothesized supervolcano erupting in ad 535 (Keys, 1999), and
the other (Baillie, 1999) suggests that the dust-veil event may
have been the result of a close interaction with a comet, or its
debris, in the vicinity of ad 540. In the Irish mean-age chronology
(Figure 5) the mean age of bog oaks continues to rise until well
after ad 540, and it can be seen from the upper chart that this
is because few new bog oaks are being recruited, implying that
conditions were becoming increasingly unsuitable for regener-
ation on Irish bogs.
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It can be concluded that the mean-age approach has the power
to mark major changes in population dynamics and thus climate
conditions in a period spanning many thousands of years. How-
ever, to get a better understanding of this detailed information
more research is needed about (1) the development, structure and
ecology of different types of former mire woodlands and (2) the
aspects of the preservation of tree remains. First attempts have
been made by Delorme et al. (1983), Leuschner et al. (1986;
1987), and by Lageard et al. (1995), who excavated a mire wood-
land in Cheshire, UK. More results will soon be available from
two excavations in Ypenburg and Zwolle, the Netherlands. Oak
supporting mire woodlands were very complex ecosystems with
many subtypes that occurred due to differences in geographical
location, topography, geology, soil characteristics and hydrology.
However, all these subtypes can be sensitive indicators for
changes in hydrology.
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Gegenwart 31, 135–58.
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