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Appendix: Preliminary dendrochronological investigations of three pine chests in Kent
Dr. Martin Bridge, Oxford Dendrochronology Laboratory

Background to dendrochronology
The basis of dendrochronological dating is that trees ofthe same species, growing at the same
time, in similar habitats, produce similar ring-width patterns. These patterns of varying ringwidths are unique to the period of growth. Each tree naturally has its own pattern
superimposed on the basic 'signal', resulting from genetic variations in the response to
external stimuli, the changing competitive regime between trees, damage, disease,
management etc.
In much of Britain the major influence on the growth of a species like oak is, however, the
weather conditions experienced from season to season. By taking several contemporaneous
samples from a building or other timber structure, it is often possible to cross-match the ringwidth patterns, and by averaging the values for the sequences, maximise the common signal
between trees. The resulting 'site chronology' may then be compared with existing 'master'
or 'reference' chronologies. Pine in Britain may have been imported from several potential
localities, although most of the pine that has been successfully dated has come from the
southern Baltic Sea area around Poland and to the east of there.
This process can be done by a trained dendrochronologist using plots of the ring-widths and
comparing them visually, which also serves as a check on measuring procedures. It is
essentially a statistical process, and therefore requires sufficiently long sequences for one to
be confident in the results. There is no defined minimum length of a tree-ring series that can
be confidently cross-matched, but as a working hypothesis most dendrochronologists use
series longer than at least fifty years.
The dendrochronologist also uses objective statistical comparison techniques, these having
the same constraints The statistical comparison is based on programs by Baillie & Pilcher
(1973) and uses the Student's /-test. The Mest compares the actual difference between two
means in relation to the variation in the data, and is an established statistical technique for
looking at the significance of matching between two datasets that has been adopted by
dendrochronologists. The values of f which give an acceptable match have been the subject
of some debate, originally values above 3.5 being regarded as acceptable (given at least 100
years of overlapping rings) but now 4.0 is often taken as the base value in oak studies. Higher
values are usually found with matching pine sequences. It is possible for a random set of
numbers to give an apparently acceptable statistical match against a single reference curve although the visual analysis of plots ofthe two series usually shows the trained eye the reality
of this match. When a series of ring-widths gives strong statistical matches in the same
position against a number of independent chronologies the series becomes dated with an
extremely high level of confidence.
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One can develop long reference chronologies by cross-matching the innermost rings of
modern timbers with the outermost rings of older timbers successively back in time, adding
data from numerous sites. Data now exist covering many thousands of years and it is, in
theory, possible to match a sequence of unknown date to this reference material.
It follows from what has been stated above that the chances of matching a single sequence are
not as great as for matching a tree-ring series derived from many individuals, since the
process of aggregating individual series will remove variation unique to an individual tree,
and reinforce the common signal resulting from widespread influences such as the weather.
However, a single sequence can be successfully dated, particularly if it has a long ring
sequence.
Growth characteristics vary over space and time, and in order to date imported timbers it is
necessary to have access to chronologies from the region where the trees grew.
When interpreting the information derived from the dating exercise it is important to take into
account such factors as the presence or absence of sapwood on the sample(s), which indicates
the outer margins of the tree. Where no sapwood is present it may not be possible to
determine how much wood has been removed, and one can therefore only give a date after
which the original tree must have been felled. Where the bark is still present on the timber,
the year, and even the time of year of felling can be determined. In the case of incomplete
sapwood, one can estimate the number of rings likely to have been on the timber by relating it
to populations of living and historical timbers to give a statistically valid range of years
within which the tree was felled. Guidance from Cathy Tyers resulting from the English
Heritage conifer dendrochronology project has provided information gained from European
colleagues indicating that the number of sapwood rings in conifers is highly variable between
regions and periods and is strongly influenced by the age of the trees. For instance for pine
the number of sapwood rings in northern Sweden tends to be over 100, but in the south (i.e.
south of Stockholm) it is generally circa 50±30 (Eggertson pers comm). In southern Norway
it ranges from as few as 20 to over 100 depending on tree age (Bartholin pers comm), for
example a 100 year old tree has in the order of 30-70 sapwood rings, where as a 200 year old
tree has in the order of 45-110 sapwood rings. Reliable figures are not yet available for Polish
pine, although the Mendlesham chest (Bridge and Miles 2011) had 75 sap rings.

The pine chests at St, Nicholas, Ash, Canterbury Heritage Museum and Fordwich Town Halt
Three pine chests were investigated. Only two of these chests found in England have
previously been dated, both of them in Mendlesham church, Suffolk (Bridge and Miles
2011). One had an outer measured ring formed in 1417, and with allowances for those lost on
the outermost part ofthe core, was dated to the 1420s, the second was photographed with the
latest dated ring being dated to 1388, and was considered likely to be of very similar age.
'Sampling'
The chests were investigated in May 2012. In this initial study it was decided to attempt to
date the three chests by taking digital photographic sequences ofthe readily accessible boards
and analysing these using CooRecorder and CDendro software developed by Lars-Ake
Larsson (www.cybis.se) Subsequent analysis was carried out using Dendro for Windows
written by Ian Tyers (Tyers 2004). This is a relatively cheap and non-interventional strategy.
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More information may be gained by micro-boring the boards, but this is a much more
interventional process (discussed in Bridge and Miles 2011) and involves specialist
equipment. It is a time-consuming process and is relatively much more expensive. It was
decided that this was best left until after a photographic survey had been carried out, if it were
to be used at all.
Results and discussion
1. Fordwich
Photographic sequences were taken from all panels (the left and right ends, the front and rear,
and the base). The front panel looks as if it may run out to the sapwood, but the outermost
rings are very narrow and could not be resolved in the photos.
Front panel: 108 rings (+ at least 50 rings unresolved)
Bottom panel: 156 rings (+ about 10 sap rings unmeasured)
Left panel: 53 rings - no sapwood detected, but could be heartwood/sapwood boundary
Right panel: 77 rings (including 2 sap rings)
Rear panel: 52 rings (plus at least 3 rings unresolved)
Initial cross-matching attempts among this group did not find any strong matches. The series
were therefore compared individually with the dated reference material. This produced
several possible matches against dated pine from the area of modern Poland:
Left panel outer measured ring 1373
Rear panel outer measured ring 1335
Front panel outer measured ring 1304
The overlaps between these series, if these positions are indeed correct, are too short to be
useful in confirming the possible dating internally (see bar diagram). If one assumes these
matches are correct and creates a single representative chronology by meaning together the
three series at the indicated positions of overlap, the resulting 177-year chronology gives the
following /-values against the dated reference material at the position corresponding to the
series representing 1197-1373:
PLPINUS (N. Poland) 7.4
KUJAWPOM (Pomerania) 7.1
PISYGDAL (Gdansk and Central Poland 1174-1990) 7.0
Mendlesham Chest 2 3.9
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Fig. I: Bar diagram illustrating the relative positions ofthe ring width series from the
various panels ofthe Fordwich pine chest. The narrow sections of bars represent additional
unmeasured rings present.
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With the outermost rings and sapwood often being incapable of being resolved from the
photographs, this provides a terminus post quern of 1374 (since the last measured ring was
clearly not the outermost ring ofthe tree), and an indication that the boards used are likely to
have come from a tree felled around the beginning ofthe fifteenth century, making this chest
similar in age to the Mendlesham chests, or possibly a decade or so earlier, though with no
measured sapwood and only three boards, this remains speculation. The variation in the
apparent end dates of the boards probably represents a lack of resolution of the outer rings
from photographs as much as any true variation in date, but with only three boards dated, and
none ofthe measured series including sapwood, it is not sensible to speculate much on this.
The panel with the best opportunity for resolving the sapwood issues is the front panel, which
appeared to have several sapwood rings, but the outer 6-8cm contained very narrow rings that
could not be measured in the present study.
The combined chest chronology gave good /-values against the multi-tree, multi-site regional
chronologies from Poland. The values are generally higher in matching pine than in oak (as
mentioned above), and the fact that the match against the Mendlesham chest is much lower,
simply reflects that the Mendlesham chronology probably represents a single tree.
2. Ash
The left and right end panels, the base panel and the front panel were successfully
photographed, but the photographs from the rear panel were not sufficiently clear to be
measured. Some cross-matching was found between the derived series (e.g. right panel v left
panel / = 6.1 and right panel v rear panel / = 5.3). A three timber mean of only 68 rings was
produced from these three panels, but neither this, nor the 92-year long series from the front
panel could be dated against the dated reference material.
3. Canterbury Heritage Museum
All panels other than the base were photographed. The rear panel photographs were not clear
enough to be measured. The series derived from the front, left and right panels were all
relatively short - under 60 years long, and did not match each other. The series were not
dated against the reference material.
All three chests
The chests had variable numbers of rings and each had at least one panel that looked to have
reached the sapwood. The Fordwich series dates against Polish pine series. The photographic
series were incapable of resolving the outermost rings - and the more expensive process of
extracting micro-cores may be justified in this case to refine the dating of this chest.
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