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Abstract

Intraspecific trait variation is a keystone variable in evolutionary biology as it contains information on
past adaptational processes as well as future evolutionary potential of species. Recently, intraspecific
trait variation has become an important data source for various research disciplines such as species
distribution modelling, eco-evolutionary research, gene-environment associations, tree breeding and
many more. Yet, systematic and rangewide data for long-living organisms such as trees are rare. This is
partly because only a few old experiments on intraspecific trait variation still exist in Europe. What is
more, their data are often stored in non-digital format and are therefore hardly findable, accessible,
interoperable and reusable. Here we present a provenance trial dataset aiming to fill this gap by
compiling information on intraspecific trait variation for 10 European tree species together with
necessary metadata on trial sites and provenance origin. In total, measurements from more than 1,900
provenances growing in 75 trial sites across Europe provide nearly 1 million observations on growth,
phenology, survival, competition, fructification, resilience, and other important life history traits. This
OptFORESTS provenance trial data base was prepared as part of the European HORIZON OptFORESTS
project. It represents one of the largest datasets on phenotypic variation in trees that has been published
to date in terms of number of species and provenances tested and is the first initiative aiming at
compiling such data across European countries with open access .

Background & Summary

For more than two centuries, foresters, botanists, ecologists, and geneticists have been interested in
studying the effects of transplanting seeds and plants from their natural place of origin to novel
environments (Langlet, 1971). Such experiments are usually called common garden experiments or,
more specifically in forest sciences, being referred to as provenance trials (Fady & Rihm 2022). While the
predominant scientific purpose of these experiments was and still is to disentangle the relative
contributions of environment and genetics to phenotypic variation, these experiments offer now an
incredible wealth of further research opportunities in the era of statistical modelling, genomics, and
phenomics (Alberto et al. 2013; Leites et al. 2012; Leites & Benito-Garzon 2023; Boshier & Buggs 2014).
Possible applications of provenance trial data range from classical genecological studies of fitness
traits such as height, survival, and phenology (e.g. Harberd 1957; Lesser & Parker 2004; Clausen et al.
1940) to studying intraspecific differences in climate-growth relationships (e.g. Taeger et al. 2013;
Montwe et al. 2015) given that both accessibility, resolution and quality of global climate databases have
considerably improved over the last years. Recently, data from provenance trials are also increasingly
studied in combination with novel high-resolution molecular markers to assess genotype-environment
and genotype-trait associations (Hansen et al. 2020; Mahoney et al. 2019, George et al. 2021). What is
more, almost all provenance trials with trees being older than 15-20 years constitute a valuable
information source for dendroclimatological studies aiming at detecting intraspecific differences in
growth reactions and wood properties to changing climates and extreme climatic events (e.g. Nabais et
al. 2018; Sass-Klaassen et al. 2016; Kormann et al. 2024).
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In the face of globally changing climatic conditions, for tree populations it may be challenging to avoid
local maladaption and fitness decline, because of their slow natural migration capacity and long
generation times (Aitken et al. 2008). One possible outcome of this is the human-mediated transfer of
seed or pollen to more favourable growing sites in the future so that the genetic legacy in growth and
phenology will not lag behind future climates (Williams & Dumrose, 2013). The terms assisted gene flow
(e.g. Chakraborty et al. 2024) and assisted migration (Aitken & Whitlock 2013; Chludill et al. 2025) are
used nowadays widely in the scientific community as a keystone concept to describe the movement of
forest reproductive material either within or beyond boarders of natural occurrences. While already
implemented in some national seed transfer guidelines in North America (e.g. Pedlar et al. 2011), there is
not yet a uniform transfer guideline for future seed source deployment in Europe. The OptFORESTS
provenance trial database provided here can be of tremendous value for developing such a harmonized
seed transfer system for European forestry as it contains information on fitness-related traits and
intraspecific genetic variation for 10 tree species (Scots pine (Pinus sylvestris L.), Norway spruce (Picea
abies (L.) H. Karst), pendunculate oak (Quercus robur L.), sessile oak (Quercus petraea Liebl.), European
larch (Larix decidua Mill.), European ash (Fraxinus excelsior L.), stone pine (Pinus pinea L.), maritime pine
(Pinus pinaster Ait.), black pine (Pinus nigra Arnold), and wild cherry (Prunus avium L.)). This kind of
information is needed to disentangle the relative contributions of environment (i.e trial site), genetics (i.e.
provenance), and plasticity (site x provenance) to overall phenotypic diversity. The many site and
provenance metadata available in this dataset will allow for detailed and easy downstream analyses of
data, for instance geographic locations for climate data retrieval, genetic background of the tested
material, and many more.

This paper covers information on the general content of the OptFORESTS provenance trial database, its
diversity regarding geographic coverage, measured traits as well as the associated metadata for
provenances and trial sites that were tested. It also provides a reproducible workflow example of the
dataset, which demonstrates the entire process from downloading the data to a very first genetic model
together with customized plotting options and data validation in the R environment. So far, various
publicly available databases for provenance trial data exist (e.g. Liepe et al. 2024 ; Risk et al. 2021, Fady
et al. 2024), but the number of species and provenances compiled in the OptFORESTS provenance trial
database is -to the best of our knowledge- the largest dataset so far. We therefore strongly believe that
this dataset will soon gather attention beyond the forestry community and will make a significant
contribution to future modelling in vegetation science, genetics, and ecology.

Methods

Study design, selection of species, and availability of trial sites

10 tree species were identified, native to Europe, of which a sufficient number of common garden trials is
available. Logically most of these species have considerable economic and ecologial potential for
European forestry. Further criteria included the vulnerability of these tree species to climate change and
their potential to strengthen resilience in European forests through the exploitation of intraspecific
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variation and targeted selection of climatically-adapted seed sources (Chakraborty et al. 2024). Ten
different countries provided metadata for a preliminary set of available trial sites, which were potentially
suitable for the database. The collected metadata included geographic positions of trial sites and
provenances, age of the trial sites, trial design (e.g. block-repetition, single-tree repetition, etc.), number
of available trees per provenance and available traits. After review of the provided metadata (Fig. 1,
steps i and ii), a final assembly of trial sites was selected from this preliminary set for each species. This
final assembly encompassed 75 trial sites with a total of 1,932 provenances. Figure 1 gives an overview
of the workflow of data collection, standardization, and processing. Figure 2 illustrates the geographic
origins of provenances and locations of trial sites within the biogeographical context of each species.

Standardized collection of data and metadata

Three spreadsheets with instructions were sent out to national data providers to collect measurement
data and metadata of trial sites and provenances (Supplementary Material S1). This ensured that the
data was entered and returned in a standardized and uniform format. Every data sheet was quality
checked to ensure that measurement units were consistent within trial sites, that geographic
coordinates were in World Geodetic System 1984, that dates were in correct format, and that provenance
identifiers in observation files exactly matched those in metadata files. Measurements conducted on
161,681 trees resulted in a total of 966,707 observations (trees x years). Spreadsheets that did not pass
the quality check were either returned to data providers or additional information was requested for
those cases were only a few inconsistencies remained.

Data processing

Quality-checked data files were transformed into R data files. The RDS file format was chosen to
preserve the dataset in form of a data table. Data tables in R are fast and highly optimized alternatives to
classical data frames, which can speed up computations significantly for large datasets (Dowle et al.
2019). Four additional columns were then created as unique and standardized identifiers: a unique
identifier for each trial site (OptFORESTS trial code), an unique identifier for each provenance in the
dataset (OptFORESTS provenance code), and an unique tree identifier consisting of a combined trial site-
provenance-block-tree id (OptFORESTS tree id). These unique identifiers permit filtering the dataset fast
and efficiently and allow to merge information of the different sub-databases based on common ids (see
next section).

Data Records

The OptFORESTS provenance database is organised in two main folders under the open repository
Zenodo (https://zenodo.org/records/20433863). The folder "Data” includes the four sub databases
referring to trial site metadata, provenance metadata, tree observational data, as well as the survival data
(Fig. 3&4). The second folder "Datasheets & Data dictionary” includes pdf files for each of the four sub-
databases with additional information such as an explanation of each column. In addition, a data

Page 5/16



dictionary explains the exact meaning, measurement type, and measurement scale of all available traits
in the OptFORESTS provenance database.

The core of the OptFORESTS provenance database is formed by the four .rds database files, which can
be easily downloaded, processed, and interconnected to each other via linking variables in the R
statistical software (R Core Team, 2021) (Fig. 5). The file “OptFORESTS trial site metadata” includes all
necessary information about the trial site such as species, country, geographic position, trial site design,
establishment year, number of blocks, as well as contact details. The file “OptFORESTS provenance
metadata” includes geographic coordinates and altitude information as well as information about the
genetic background of the planted material (e.g. open pollinated, half-sib/full-sib, seed orchard material).
The “OptFORESTS tree database” and “OptFORESTS survival database” files include the measured trait
information and have together more than 1.3 Million entries. However, since not every tree has been
measured in every year, the number of numerical trait data is still almost 1 Million. Assessment dates are
stored as date variables so that time differences between two or several assessments can be seamless
calculated. For each trait and observation, the sub-database includes information tags regarding the
mode of measurement (e.g. "measured”, "remotely sensed”, "imputed”) so that potential differences in

accuracy and precision can be accounted for in modelling procedures.

The survival data is partly derived from the tree data and transforms single-tree binary survival
information into survival rates per block and time period, expressed as annual mortality rate and annual
mortality rate corrected for the different lengths in assessment periods (Sheil & May 1996).

Data overview

The dataset presented here includes eco-evolutionary traits of great importance to tree populations. The
vast majority of observations represent classic growth parameters such as height, diameter, and crown
length. However, unlike many other published datasets, this dataset also includes traits related to
reproduction, phenology, survival & management, form and competition, damage, physiology, and others.
The user can easily make a thematic preselection by using the OptFORESTS trait theme column to select
a theme of interest. Figure 6 provides an overview of the number of observations separately for each
thematic category for the available tree species.

Technical Validation

The dataset has undergone two quality checks during the data collection period to verify measurement
units, assessment dates, traits, provenance names and geographic positions. Geographic positions of
trial sites and provenance origins have been manually plotted and compared with provided location
names. Provenances for which locations could not be verified were omitted from the database.

Tree observations were checked for duplicates for each assessment date and for unreasonable growth
behaviour in case of all growth traits and survival (i.e. no negative growth rates or survival rates).
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However, for some trial sites a very small number of negative growth rates was observed for
measurements taken at short succession in relatively young ages, which may be explained by broken
terminal shoots or browsing of the trees.

Usage Notes

An important aspect of using this dataset is the fact that data from provenance trials in different
countries have been combined. For traits such as height or diameter, data can therefore be easily
compared with one another without significant bias. For other traits, however, with a higher degree of
measuring complexity (e.g., phenology, reproduction), it will be necessary to thoroughly analyse the
metadata of the individual experimental plots as well as the measurement scale of the relevant trait with
the help of the data dictionaries before drawing conclusions. We therefore recommend always including
relevant metadata as factors in the modelling (e.g., as random effects in generalized mixed linear
models). The working example which is provided as Supplementary file S2 to this paper includes an
example on how to account for such variation in a simple provenance transfer model.
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Workflow of data collection, review, and database creation.
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Structure of the database and relationships among sub databases.
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Geographic variation of provenances and trial sites for conifers in the OptFORESTS database
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Overview of available folders and files in the OptFORESTS provenance database
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Overview of available trait categories and number of observations for each species in the database.
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