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The dataset presented here was collected by the GenTree project (EU-Horizon 2020), which
aims to improve the use of forest genetic resources across Europe by better understanding
how trees adapt to their local environment. This dataset of individual tree-core characteristics
including ring-width series and whole-core wood density was collected for seven ecologically
and economically important European tree species: silver birch (Betula pendula), European
beech (Fagus sylvatica), Norway spruce (Picea abies), European black poplar (Populus nigra),
maritime pine (Pinus pinaster), Scots pine (Pinus sylvestris), and sessile oak (Quercus petraea).
Tree-ring width measurements were obtained from 3600 trees in 142 populations and wholecore wood density was measured for 3098 trees in 125 populations. This dataset covers
most of the geographical and climatic range occupied by the selected species. The potential
use of it will be highly valuable for assessing ecological and evolutionary responses to
environmental conditions as well as for model development and parameterization, to predict
adaptability under climate change scenarios.

Background & Summary

Tree rings are an important archive of individual life history variation with a large range of applications across
both natural and social sciences. In their annual growth rings, trees chronologically record the effect of any
factor – ranging from local to global scale – that directly or indirectly affects radial growth processes1. Typical
factors influencing annual tree growth are for example growing season temperatures or soil water availability in
cold and arid regions, respectively. Large datasets from tree-ring series sampled across wide geographical ranges
have been used in a broad range of studies, e.g. to infer climate variability2–4, reconstruct variation in streamflow5,
investigate processes affecting forest dynamics6,7, identify the origin of wood used in ancient buildings8, and date
historical tools and instruments9,10.
The most important archive of tree-ring data worldwide is the International Tree-Ring Data Bank (ITRDB11).
It has more than 4250 centrally-held datasets of 226 tree species from all continents, except Antarctica12. However,
most of these tree-ring datasets were obtained following classical dendrochronological protocols, which usually
aim to maximize the climatic signals recorded in the ring-width series by sampling climatically stressed and old
populations1. Such a sampling design is convenient for climate reconstructions but can lead to bias in terms of
climate sensitivity when using these datasets to elucidate ecological and evolutionary processes13,14. This is particularly relevant given that classic site selection criteria predominantly targeted extreme micro-site conditions
(e.g., ridge or treeline locations), and selectively excluded measurements with weak common growth signal.
The increasing use of dendrochronological techniques in transdisciplinary studies15 is driving demand for
improved ecological representativeness in the global tree-ring archives, in particular by adding new datasets
from non-stressed populations, which help better representing the full environmental niche of the species14. One
example is the recent combination of evolutionary biology and dendrochronology to assess signs of local adaptation in trees by linking phenotypes inferred from tree rings to genomic and environmental information16–18. The
advantage that dendrochronology provides in this context is that the outcome of a wide variety of growth-related
traits acting over the lifespan of an individual can be inferred from a single sample (wood core). Such kind of
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Fig. 1 Natural distributions of the seven selected tree species and the geographical location of each study site
from which tree-ring width measurements were obtained (142 sites in total). Distribution maps were obtained
from EUFORGEN (www.euforgen.org).

integrated phenotypes can then be investigated together with other datasets, although the association analyses
should also take in consideration that some external processes such as disturbances or forest dynamics can affect
tree growth and limit the potential genetic and climatic information encoded in the tree-ring series. Following
this approach, the European project GenTree (http://www.gentree-h2020.eu) aims to provide the first comprehensive pan-European assessment of phenotypic and genomic variation within and among environmentally contrasted populations across multiple tree species. To this end, the GenTree consortium has collected a dataset of
tree-core characteristics from 142 sites located across the geographical range of seven ecologically and economically important European tree species. Measurements include the widths of all annual rings dated to the exact
calendar year of formation, and whole-core wood density (measured for 125 sites), as well as complementary
information at tree level such as tree height and diameter at stem breast height (DBH).
Here, we present this pan-European dataset of tree-ring width series and other fitness-related traits that
cover wide geographical ranges and contrasting habitats of the studied species. Despite the limitation given by
an underrepresented selection of individuals at each site (only 25), the potential of this dataset goes far beyond
the GenTree project goals and will also be of value for assessing and/or modelling forest properties under climate
change scenarios.

Methods

Site selection. Sampling covered seven of the most ecologically and economically important tree species in

Europe: silver birch (Betula pendula Roth), European beech (Fagus sylvatica L.), Norway spruce (Picea abies (L.)
Karst), European black poplar (Populus nigra L.), maritime pine (Pinus pinaster Aiton), Scots pine (Pinus sylvestris L.), and sessile oak (Quercus petraea (Matt.) Liebl.). Sites were selected using the following criteria: i) natural
populations with no clear signs of natural or anthropogenic disturbances, ii) within or near to a EUFORGEN
Gene Conservation Unit (http://portal.eufgis.org/search/), iii) no infrastructure at close proximity (houses, roads,
electric cables, larges pipes), iv) no extreme slope, and v) reasonably accessible. Each sampled tree was georeferenced using hand-held global positioning systems. The centroid of all tree individuals was used to estimate the
geographical position of each site. Elevation was extracted for each site using the global multi-resolution terrain
elevation data 2010 (GMTED2010)19.
Sites were distributed across most of the geographical range of the species in Europe (Fig. 1). Climate-space
diagrams were used to assess the relative climatic positions of each study site based on mean annual temperature and annual precipitation (Fig. 2). The geographical coordinates of tree occurrence in Europe were obtained
from a reference publication20, and the corresponding climate data for the period 1979–2013 was extracted
from CHELSA21 to plot full climate-space for each species, and overlaid the study sites on this distribution. The
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Fig. 2 Climate-space diagrams for each species based on annual mean temperature and annual precipitation.
Grey points represent species occurrences from across their total climate-space and red points show the climatic
position of the selected study sites from which tree-ring measurements were obtained.

resulting plots show that the study sites are located in heterogeneous environmental conditions across a broad
span of the climatic spaces occupied by the study species, covering contrasting habitats (Fig. 2).

Sampling and laboratory protocols.

Sampling took place from 2016 to 2018. At each study site, 25 dominant or co-dominant trees were selected. All trees were >25 m apart from each other to minimize the risk of
sampling closely related individuals. Trees with visual symptoms of decay, infections, scars or abnormally low
vigor were avoided. Each sampled tree was permanently labelled and one to three increment cores (depending
on owner permission) were extracted at breast height (1.3 m) and perpendicular to the slope direction to avoid
sampling reaction wood. Two cores were taken from one side of the stem and a third core from the opposite side.
DBH was measured with a tape and height was estimated from ground to top of the tree using a clinometer.
The best core per tree, i.e. the core that was closest to the pith, without breakage or other obvious defects,
was selected to conduct ring width measurements. Cores were air dried, mounted on wooden support beams,
and then sanded with progressively finer sanding paper until wood cells were clearly visible under a binocular
microscope. For silver birch and European black poplar, cores were surfaced along their cross-section using a
core-microtome22 to obtain a clean cut plane surface facilitating the recognition of ring boundaries. Ring widths
were measured to an accuracy of 0.01 mm using a binocular microscope connected to a LINTAB measuring
device (Rinntech, Heidelberg, Germany). The exact year of formation was assigned to every annual ring through
the cross-dating process1,23, by first visually cross-dating the tree-ring width series and then statistically verifying
dating quality using the software CooRecorder (Cybis Elektronik & Data AB, Saltsjöbaden, Sweden). Missing
rings, i.e. those that were absent within a series, were also actively detected and inserted into the series during
the cross-dating process. Tree age at the coring height of 1.3 m was calculated as the length of the cross-dated
tree-ring width series plus the estimated number of absent rings in the wood core towards the pith. The latter
was estimated by fitting a template of concentric circles with known radii to the curve of the innermost rings
and transforming the missing radius length into the number of absent rings. A summary of these parameters per
population and species is reported in Online-only Table 1.
Whole-core wood density was determined on the second-best core (when available) and, in case the core
was broken in several pieces, it was measured using the longest section. Wood volume was determined by the
water-displacement method: the sample was immersed in a water-filled tray, which was placed on a balance.
Weight of the displaced water was then converted to sample volume. Sample weight was measured on samples
that had been dried in an oven at 102 °C for >2 hours (time required to obtain stable weights as reported by previous tests). Finally, wood density was obtained by dividing the sample weight by the sample volume.
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Fig. 3 Mean density and mean series length for each tree species and site. Vertical dashed black lines indicated
the reference mean wood density values.

The third core was kept as a reserve for any additional analyses. All original cores are stored at the
Dendrosciences wood sample archives of the Swiss Federal Research Institute WSL in Birmensdorf (Switzerland)
and can be made accessible upon request.

Data records.

The dataset is composed of three comma-separated files, and one metadata file, which are
freely accessible at Figshare repository24. The first file (site.csv) contains site descriptions including site identifier,
geographical coordinates, elevation, and the contact details of the site coordinator. The second file (tree.csv)
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provides information at tree level, namely geographical coordinates, length of the ring width series, distance
to the pith, estimated tree age, stem DBH, tree height, an assessment of dating confidence, and wood core density. The third file (trw_long_format.csv) contains annually-resolved tree ring width measurements of all trees
included in the study (3600 trees in total). Missing values in the first two files (site.csv, and tree.csv) are denoted
by NA. Missing ring measurements, defined as those actively detected during the cross-dating process, are
denoted by 0 in the trw.csv file. The metadata file contains all definitions and unit for each variable. Additionally,
rwl files of all sites containing the individual tree-ring width series (exact information than the trw_long_format.
csv) are also included.
Both metadata and data files can also be accessed on the GnpIS information system at the following Gnpis
Repository25. There, data will be updated as new data on additional GenTree species (Abies alba Mill., Pinus cembra L., Pinus halepensis Mill., Pinus nigra Arn., and Taxus baccata L.) are provided by partners.

Technical validation.

Multiple steps were taken to ensure the technical quality of the measurements. The
correct dating and quality of cross-dating was checked statistically with the software COFECHA26. It correlates
each individual ring width series with the overall mean site series (after removing the series being tested). This
analysis identifies mismatches and mistakes in the ring width measurements. The mean intercorrelation between
raw individual series from the same site (Rbt.raw) was calculated and showed good within-site agreement
(Online-only Table 1, Fig. S1). The expressed population signal (EPS), a measure of how well the mean series
represents the common variability of the entire population if it were infinitely replicated, was also used to check
the data quality. Low values of EPS usually indicate that the mean site series is influenced by individual processes
rather than a consistent common signal. EPS values were calculated on the high-frequency domain (year-to-year
variability) of the measured series. To do so, the low-frequency variability (decadal) was removed from the raw
tree-ring series by applying a 32-year spline to each individual series. EPS was calculated in two different ways.
To have an overview of the common variability shared by all the trees of a given site, EPS was calculated taking
in consideration the common time period. In this case, most of the site chronologies (81%) presented an EPS
above 0.85 (accepted threshold for signal strength in dendrochronological studies27) and only 19% showed an
EPS lower than 0.85 (Online-only Table 1, Fig. S1). Due to the heterogenous age of the trees included in each
site, we also calculated the EPS of the last 25 years but aiming at optimizing the maximum pairwise overlap.
Similar percentages of sites presenting EPS above and below 0.85 were obtained (80% and 20%, respectively),
but some of the sites that previously showed extremely low EPS values improved their EPS to reasonable values
when assessing the maximum pairwise overlap. In general, low EPS values can be caused by a variety of factors
such as short series length (not only old trees were selected), or low suitability for dendrochronological studies
of some tree species such as silver birch and European black poplar. The sampling design did not specifically aim
at selecting climatically limited populations, and consequently, the common signal of some sites might not be as
strong as usually expected in dendrochronological studies, resulting in low EPS values. For this reason, and to
complement the statistical assessment, the cross-dating confidence level of each dated ring series was classified
(A = high confidence, B = possible doubts, C = very questionable). “A” letter was assigned to tree cores that were
easily cross-dated and were well correlated with the rest of samples, “B” letter was assigned to cores with intermediate agreement with the rest of samples and/or showing small cracks in the wood, and “C” letter was assigned
to tree cores that presented relatively low agreement with the rest of samples. The mean intercorrelation between
detrended individual series from the same site was also calculated (Rbt.det, Online-only Table 1), which corroborated the generally good agreement among series in the high-frequency domains.
The average wood density per species was compared to those from a reference dataset28,29 (Fig. 3). As in this
dataset, Norway spruce, black poplar, Scots pine, and maritime pine displayed lower mean density values than the
ones obtained for silver birch, European beech and sessile oak (Online-only Table 1, Figs. 3 and S2).
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