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Modern analytical tools are essential for advancing research and facilitating
interdisciplinary collaboration. The R software serves as a comprehensive
solution for statistical computing and graphics in all scientific disciplines,
including dendrochronology. Beyond managing traditional tasks like data
processing, analysis, and results visualization, R is pivotal in integrating innovative
techniques, such as multi-proxy datasets, artificial intelligence or machine learning,
to address emerging challenges in tree-ring research. However, a comprehensive
overview of R’s functionalities in dendrochronology is lacking, despite its growing
importance and increasing role in interdisciplinary research. Here we present an
overview of 38 R packages relevant to tree-ring research, categorized by
functionality. For each R package, concise descriptions and examples of usage
are provided to facilitate the identification and selection of suitable tools for
researchers, academicians, and students within and outside the field. We further
discuss the transformative potential of R in building a centralized, open-access
ecosystem, emphasizing its role in standardizing workflows, enhancing
reproducibility, and expanding dendrochronology’s integration with other
scientific disciplines in a digital era. We propose that these advancements not
only streamline dendrochronological workflows but also provide valuable insights
for addressing global environmental and ecological challenges.

KEYWORDS
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1 Introduction

The rapid evolution of computer hardware (serving computational power) and open-
source and free computer-supported programming languages (e.g., Python, R, Java) has
been revolutionizing scientific research by democratizing data analysis. This not only
enabled researchers of all disciplines to efficiently perform complex data measurements,
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statistical computations, and data visualizations but also,
importantly, to contribute to building up flexible and
customizable applications at the service of the whole scientific
community. Such programming languages provide easy
accessibility to a vast community of developers to actively and
continuously improve and enhance languages and libraries while
increasing trust and confidence thanks to its transparency,
eventually thriving community collaboration. Hence, the
utilization of freely available, broadly applicable, and continuously
improvable applications has played a pivotal role in accelerating
scientific progress.

Currently, R is an open-source programming language and
environment that offers an extensive array of statistical and
graphical techniques (R Core Team, 2022), has emerged as one of
the most powerful and versatile platforms within the broad scientific
community (Westgate, 2019), and has become a dominant software
in academia and across scientific fields (Amezquita et al., 2020; Joo
etal., 2020; Sousa et al., 2020). Its utilization has offered a remarkable
opportunity for knowledge exchange and fostered interdisciplinary
collaboration (Atkins et al., 2022). With R’s popularity among
researchers across diverse scientific domains, it has become easier
to share methodologies, exchange insights, and build upon existing
knowledge (Raasch et al., 2013). This collaborative environment has
stimulated innovation and enabled a rapid dissemination of findings.
Hence, such collective efforts not only enhance the quality of research
but also contribute to the development and broad application of
standardized best practices and promote greater reproducibility and
transparency within the scientific community (Muenchow et al,
2019; Powers and Hampton, 2019). This collaborative nature
empowered researchers to customize analytical tools according to
specific research objectives, ensuring that the software remained up-
to-date and responsive to the evolving demands within and among
individual research disciplines.

The field of dendrochronology, which uses the radial growth
patterns of trees to reveal valuable environmental and historical
information, is no exception from the above-described trends.
Currently, there is a diverse ecosystem of R packages focusing on
tree-ring analysis. These packages have facilitated researchers in
performing many of their tasks, from parameter measurement,
through data preparation and analysis, to data and results
visualization. Hence, some fields of dendrochronology are
relatively well covered by functionalities of currently available R
package(s). Nevertheless, there is still room for new packages or
development of those currently available to fill in the full range of
tree-ring research-related tasks which are not currently addressed.
Arguably, there are also other open-source programming languages
and environments, with Python (Van Rossum and Drake, 2009)
being used in ecology and dendrochronology (see https://
opendendro.org/). Currently, however, there is a limited number
of Python packages in dendrochronology (see, e.g., Lozhkin et al,
2024), and, thus, we focus here on R, which currently is the most
popular software among ecologists (Lai et al., 2019).

Despite the availability of search engines, discovering and
accessing desired R functions or collections remains challenging
due to the diverse modalities used to promote them. Before applying
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them, users must first be aware of their existence and functionalities.
Often these packages are deposited on platforms like CRAN (a
repository for R packages and documentation, https://cran.r-
project.org/) and might also be described in scientific
publications. However, some packages are exclusively found on
specific software development platforms (e.g., GitHub, https://
github.com/), or personal or institutional websites. Despite the
growing number of tree-ring-specific R packages, a
comprehensive overview has currently been missing (but see
Atkins et al. (2022) for an example of forest research). It is, thus,
challenging for users to navigate and select the most suitable set of R
functions/packages for their needs.

Creating an inventory of comprehensive tree-ring-related R
packages and Shiny applications (a web-based interactive
application built using the Shiny framework in the R programming
language), including examples of their applications, would serve as a
valuable tool for students, teachers, and researchers across different
disciplines. Further, enhancing awareness of a consistent R ecosystem
and, consequently, its use, would lead to reducing the variability in data
measurement introduced by (i) the use of numerous platforms (Lara
et al,, 2015; Maes et al,, 2017) or (ii) personal subjectivity (Maxwell
et al, 2011). Further, it would also reduce the space for errors
introduced during data processing and analysis when developing
and utilizing new code for tasks already covered in R, which may be
more prone to mistakes than tools approved by peer review and
consequently used and tested by the community. Consequently, this
will eliminate discrepancies in comparative, synthesis, and review
studies within dendrochronology and in interdisciplinary
research contexts.

Here, we aim to present a comprehensive and organized
overview of the currently available R packages, including Shiny
applications, developed for dendrochronological analyses. This will
guide readers through the specific focus of each package, making it
easier to pinpoint the most appropriate package or combination for
their research inquiries. We also discuss the prospects and
challenges for dendrochronological research to stay competitive
and consolidate its role in interdisciplinary research in the era
of digitalization.

2 Methods

The inventory of tree-ring-related R packages was performed by
applying a systematic search (at the beginning of March 2025) in
Google Scholar (https://scholar.google.com/), CRAN (https://
cran.r-project.org/), and GitHub (https://github.com/) using a list
of defined keywords. As keywords, we used “R package
dendrochronology”, and “R package tree rings” for Google
Scholar, and “dendrochronology”, “dendroclimatology”,
“dendroecology”, “dendroarchaeology”, “dendrogeomorphology”,
“wood anatomy”, “wood formation”, “dendrometer”,
“dendrochemistry”, “tree-ring”, “tree ring”, “tree-growth”, “tree
growth”, for CRAN and GitHub. The systematic search was
complemented by the screening of dendrochronology-related
literature and web pages. It is important to note that we focused
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only on R packages and, thus, separate R function(s) were not  focused solely on the presentation of the package and its
considered. From the full list of identified R packages, we only  functionalities (Supplementary Table S1). Further, we mention
considered those being (i) publicly available (i.e., not upon request),  example(s) of the studies using individual packages (wherever
(ii) developed for broader use (i.e., not limited for a case-specific ~ possible), reflecting the package (i) complexity, (ii) usage (see
purpose), and (iii) with sufficient documentation describing at least ~ Figure 1) as well as (iii) long-term relevance (in the developing
the main functions (via scientific article, vignettes, README.md, or  fields, such as dendroanatomy). The purpose is to provide a short
video). The identified R packages were categorized into (i) those  resume of the focus of each package, and readers are referred to the
geared towards measuring tree-ring characteristics and (ii) those  original publication or other sources for more information (see
centered on data processing, analysis, and visualization. Within the ~ Supplementary Table S1). Below, the packages are listed in
latter category, further distinctions were made between packages of  alphabetical order within individual sections.

general applicability in dendrochronology and those tailored to

specific subdisciplines within the field.

3.1 R packages facilitating the
. measurement of tree-ring parameters

3 Structured presentation of tree-
rin g-spec ific R pac ka ges Thanks to the accessibility of flatbed scanners and digital cameras,
it is now feasible to extract measurements of tree-ring width and wood
Altogether, we identified 38 tree-ring-related R packages  density from cross-sections of pre-prepared wood surfaces using
(Figure 1). From all these packages, 28 are available in CRAN and  image analysis. Consequently, five R packages have been specifically
10 on GitHub only (Figure 15 Supplementary Table S1). Overall, 32 developed to automate the processes of ring detection and

R packages were associated with at least one scientific publication =~ measurement directly on the images (Figure 1; Table 1).

Measurement

citations
package
|

GU!
CRAN  GitHub,
Shiny

Dendroarchaelogy

Dendrochemistry

Dendroecology

Dendroanatomy

Dendroclimatology

FIGURE 1

Structured overview of tree-ring-related R packages. Each hexagonal icon represents the package name, accompanied by the number of yearly
citations (November 2024) from an associated introductory publication (if available, see Supplementary Table S1). The smaller icons denote the
package’s presence on CRAN (C) and GitHub (G) and the availability of a related Shiny application (S) or a graphical user interface (GUI) (as in March
2025). The indication of subdiscipline does not exclude that the individual packages can also be used in another category.
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CTring (Mahatara et al., 2024) enables accurate determination
of pith positions and generation of tree-ring density profiles from
computed tomography images of tree cross sections. It converts
grey values into density, combines the adapted Hough Transform
method and a one-dimensional edge detector for precise pith
detection, and allows users to inspect and adjust tree-ring
boundaries via a visual, user-friendly interface. The package’s
functions are flexible and adaptable for further applications, such
as deriving ring-width time series and exploring low-quality images
and ring-porous species.

measuRing (Lara et al., 2015) is used to detect tree-ring borders
and measure tree-ring widths from scanned images of wood
samples. Tree-ring borders can be automatically identified using a
linear detection algorithm or visually assigned by the user. The
measurement of tree-ring widths using measuRing can be applied to
both coniferous and broadleaved tree species (Caselli et al., 2021).

MtreeRing (Shi et al.,, 2019) enables the detection of tree-ring
boundaries and measuring tree-ring widths from scanned images of
wood samples (see, e.g., Zhao et al., 2022; Diao et al, 2023). In
addition to its linear detection algorithm, it incorporates alternative
methods such as watershed-based segmentation and the Canny
edge detector. The choice of automatic detection technique depends
on the specific anatomical features of the wood species being
analyzed. Tree-ring borders can also be manually assigned by the
user. Further, the functionality of MtreeRing was used for the
development of p-MtreeRing (Garcia-Hidalgo et al., 2021), which
provides a graphical user interface for x-ray microdensity analysis.

wiad (Rademacher et al., 2021b) is a versatile measurement-
oriented R package. In addition to its capabilities in detecting and
measuring annual ring widths from wood images, it goes further by
offering tools for identifying specific intra-annual features like
earlywood and latewood, density fluctuations, and fire scars.
Additionally, wiad is designed to assist in the archival of images,
data, and metadata, providing a comprehensive solution for tree-
ring analysis. wiad has been used to measure ring widths from
scanned images of microsections from broadleaved trees
(Rademacher et al., 2022) as well as conifers (Rademacher et al.,
2021a). Additionally, it has been applied to measure the radial
position of intra-annual density fluctuations within tree rings
(Miller et al., 2022).

xRing (Campelo et al,, 2019) automatically derives tree-ring
widths and density measurements from X-ray micro-density
profiles. Specifically, xRing offers functions to identify tree-ring
borders and earlywood-latewood transition, allowing for precise
measurements of earlywood, latewood, and total ring widths and
densities. The package has been used to measure ring width and
density on density profiles from both coniferous (Hevia et al., 2020)
and broadleaved species (Cahuana et al., 2023).

3.2 R packages facilitating data processing,
analysis, and visualization
Dendrochronology encompasses various subdisciplines, each

employing distinct statistical methods for data processing and
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TABLE 1 List of identified 38 tree-ring-related R packages with a short
description of their focus (packages in alphabetical order).

Package

Brief description
name

BIOdry Multilevel dendroclimatic modeling
biogeom Simulates and fits natural shapes
burnr Fire history and seasonality
Check, visualize, and process wood-formation-
CAVIAR monitoring data
climwin Calculating growth-climate relationships
Extract wood density profiles from computed
CTring tomography images
dendRoAnalyst Process and analyse dendrometer data
dendRolAB Multivariate statistics
dendrometeR Process and analyse dendrometer data
dendroNetwork Create dendrochronological networks
DendroSync Temporal trends in spatial synchrony
Proxy and daily/monthly climate relationships and
dendroTools climate reconstruction
densitr Analyses of density profiles obtained by resistance drilling
detrendeR Detrending
DevX Combining dendrometer series and xylogenesis imagery
dfoliatR Growth suppression after defoliation
dpIR Numerous general dendrochronological functions
fellingdateR Estimate felling date
IncrementR Analysis of tree height growth using tree-ring data
isocalcR Physiological indices derived from carbon stable isotopes
measuRing Tree-ring-width measurement on scanned images
MICA Curve alignment
MtreeRing Tree-ring-width measurement on scanned images
paleocar Paleoclimate reconstructions
pointRes Event and pointer years detection and tree-growth resilience
Provide tracheid positional information from roxas
RAPTOR cell outputs
RingdateR Crossdating
rTG Modelling seasonal growth dynamics
Tree growth and carbon accumulation with stem
StemAnalysis analysis data
tgram Functions to compute and plot tracheidograms
TRADER Disturbance detection and related functions
tracheideR Standardize tracheidogram
Proxy-climate relationships and evaluate
treeclim reconstruction skills
treenetproc Clean, process, and visualize dendrometer data

(Continued)
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TABLE 1 Continued

Package

name Brief description

ttprocessing Processing the Tree Talker data

UT_FVS Climate response used to parametrize model

wiad Detect and measure various wood characteristics
Tree-ring-width and density measurement on x-ray

xRing microdensity profiles

analysis (Speer, 2010). To facilitate navigation through the wide
array of available tools, this section is organized based on the
packages’ intended purposes. We differentiate between packages
with broad applicability across multiple dendrochronological
disciplines (Section 3.2.1), as well as packages tailored towards
specific subdisciplines (Section 3.2.2).

3.2.1 R packages with broad applicability in
dendrochronology

The packages listed and described here have broader
applicability across multiple subdisciplines of dendrochronology
without being limited to a single area of study. These packages are
designed for general data preparation and offer a range of
commonly used tree-ring statistical functions. Altogether, we
identified eight different R packages (Figure 1; Table 1).

biogeom (Shi et al, 2022) simulates and quantifies natural
geometries, such as leaves, eggs, seeds, and tree rings. It allows users
to fit empirical datasets to parametric equations using the fitGE
function, which models tree-ring boundaries and estimates
parameters that describe their shape. This package aids in exploring
morphological variation in tree rings, revealing insights into
environmental conditions, growth patterns, and ontogeny. By
modelling growth trajectories, biogeorn helps to predict maximum
growth rates and provides a versatile tool for the geometric analysis of
natural shapes, including tree rings. It was employed to show that the
superellipse equation describes the tree-ring boundaries and estimates
the basal area increment of six coniferous species (Huang et al., 2024).

dendRolAB (Buras et al., 2016, 2022) analyzes tree-ring data with a
focus on multivariate statistics, like Principal Component Gradient
Analysis (PCGA) and the Standardized Growth Change (SGC) method
(see, e.g., Masek et al., 2023). It helps users to: (1) detect significant
growth changes, such as droughts or disturbances; (2) quantify the
impact and recovery of extreme events; (3) estimate event durations;
and (4) improve growth analysis accuracy with robust results. Its key
innovation, the Bias-Adjusted SGC (BSGC), refines event detection for
more precise insights (see, e.g., Netsvetov et al,, 2023). The package also
aids in visualizing growth dynamics and environmental responses.

DendroSync (Alday et al, 2018) contains functions for the
estimation and visualization of synchronicity in tree-ring networks
and for assessing temporal changes in those patterns. This package has
been devised to work with traits derived from tree rings (e.g., ring-
width). It employs unique variance-covariance mixed models to
quantify a shared temporal signal among chronologies over a fixed
period. Moreover, it identifies temporal trends in spatial synchrony
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using a moving window algorithm. Alternative R packages suitable for
the evaluation of synchrony visualization spatial trends by
correlograms are “synchrony” and “ncf”. The package is often used
for analyses of growth sensitivity to climate (Kasper et al., 2023) or
climate change-induced stress (Popa et al., 2024).

densitr (Krajnc et al,, 2021) contains various tools to analyze
density profiles obtained by the resistance drilling of trees. It
includes functions to remove the trend from measurements using
various methods, plot the profiles, or detect tree rings automatically.
The package densitr has been used to measure resistance drilling
density and perform subsequent detrending (Arnic et al, 2022;
Krajnc et al., 2022).

detrendeR (Campelo et al, 2012) is a package specifically
designed for the detrending and standardization of time series
with the graphical control of the process. The package also allows
chronology building and testing temporal changes of the common
signal using standard chronology statistics. detrendeR includes four
classical detrending techniques, and the package was frequently
used in dendroclimatological studies (see, e.g., Altman et al., 2017;
Tumajer et al., 2017; Rozas et al., 2024).

dpIR (Bunn, 2008), which stands for “Dendrochronology
Program Library in R,” is arguably the most widely used R
package within the dendrochronological community and a
cornerstone of the open-source dendrochronological framework
openDendro (https://opendendro.org/). This comprehensive
package was the first to incorporate the R functionality of DOS
dendrochronological programs [e.g., COFECHA (Holmes, 1983) or
ARSTAN (Cook, 1985)] and offers a sophisticated and diverse array
of functions for conducting various standard dendrochronological
analyses. These analyses include crossdating (Bunn, 2010),
standardization, chronology construction, computation of
standard descriptive statistics, data visualization, and much more.
dpIR is a dynamically evolving package continually incorporating
new functions to its repertoire.

Hence, dpIR is broadly used for various purposes, starting with
functions for importing tree-ring-specific formats to the R
environment, statistical validation of dendrochronological datasets, or
plotting the data. Further, it was used for crossdating (Pretzsch et al,
2017), detrending (Ols et al., 2023), chronology building (Thakur et al,,
2024), or general data treatment as calculating basal area increment
(Rai et al., 2023), fitting various filters and power transformation (Wu
et al,, 2024). Tt is also employed for various analyses, such as power
spectrum analysis (Arroyo-Morales et al., 2023) or superposed epoch
analysis (Altman et al., 2021).

MICA (Stangler et al, 2016; Mann et al, 2018), a Multiple
Interval-based Curve Alignment, is designed to analyze tree growth
by addressing spatial variation in wood density profiles. It identifies
key points in these profiles and aligns them to create representative
average profiles, reducing noise and providing clearer insights into
how environmental factors influence wood density and growth.
MICA uses a heuristic approach to synchronize discrete data curves
(see, e.g., Raden et al., 2020). This technique is especially useful for
analyzing intra-annual data like wood density profiles or wood
anatomy, improving accuracy in studying tree responses to
environmental variations.
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RingdateR (Reynolds et al,, 2021) is an integrated tool for
dendrochronological research, improving crossdating accuracy
and efficiency. It offers two primary modes: Pairwise Analysis
Mode, which compares multiple time series to find matches, and
Chronology Analysis Mode, which allows users to compare
individual measurements to an existing chronology. The package
employs statistical correlation analysis, various detrending
methods, and visualization tools to support crossdating efforts. It
allows the performance of numerous pairwise comparisons among
individual records. It also supports graphical analysis to identify
false or missing rings and assess adjustments on chronology
statistics. Though efficient, crossdating results should be manually
verified for accuracy. RingdateR was used to facilitate the
crossdating of tree-ring data (Greer et al, 2023) and the annual
growth of marine bivalves (Edge et al., 2021).

dendroNetwork (Visser, 2024) is a package for creating
dendrochronological (provenance) networks based on the statistical
relations between individual tree-ring series or chronologies. After
creating the dendrochronological network in R, it is recommended to
visualize the network using Cytoscape (https://cytoscape.org/). The
development of dendrochronological networks is suitable for the
estimation of wood provenance (see, e.g., Visser, 2021) or wood use
patterns (Visser and Vorst, 2022).

3.2.2 R packages tailored to specific
subdisciplines

Below we introduce the packages grouped by main subdisciplines
of dendrochronology (Speer, 2010), i.e. dendroclimatology,
dendroecology, dendroanatomy, dendroarchaeology, and
dendrochemistry, for which we identified at least one R package
(Figure 1; Table 1). The assignment to a given subdiscipline,
however, does not exclude that the package can also be used in others.

3.2.2.1 Dendroclimatology

Exploring the connection between tree growth and climate
represents a fundamental aspect of tree-ring research. As a result,
a multitude of software tools have emerged for conducting
dendroclimatological analyses. Given that a significant portion of
tree-ring researchers specialize in dendroclimatology, several R
packages have been created to address various specific analytical
needs within this field. Altogether, we identified five R packages
focused on dendroclimatology (Figure 1; Table 1).

BIOdry (Lara et al., 2018) is a toolkit for analyzing climate-growth
relationships. It models allometric relationships in tree growth
components like tree-ring width diameter, basal area, and biomass.
Key functions include modelFrame, which evaluates allometric
parameters, formats TRW units, and incorporates random effects
to account for hierarchical variability. The package addresses
autocorrelation and manages serial correlations with standard
correlation structures. It also models annual aridity indices,
allowing custom functions for drought indicators. In addition, it
can compare dendroclimatic fluctuations across multilevel data and
categorical variables.

climwin (Bailey and van de Pol, 2016; Rubio-Cuadrado et al., 2022)
offers a collection of functions designed to compute associations

Frontiers in Ecology and Evolution

10.3389/fevo0.2025.1593675

between climate and tree-ring parameters. This package enables
calculating various models that account for multiple time windows,
establishing connections between a response variable and
environmental factors at diverse time resolutions. It identifies
influential periods that impact tree proxies and selects parsimonious
models. While the climwin package has been widely used in animal
ecology, for example to study the impacts of climate change on
bird populations (Bailey et al., 2022; McLean et al, 2022), it has
also been successfully applied in dendrochronology to calculate
climate-growth with optimal climate window (Camarero et al,, 2024;
Rubio-Cuadrado et al., 2024).

dendroTools (Jevsenak and Levanic, 2018) determines the statistical
relationships between tree-ring parameters and daily environmental
data by a progressive sliding of moving window of specified length
through daily environmental data. It also allows the calculation of
bootstrapped and partial correlation coefficients and may be also
applied to monthly data (Jevsenak, 2020). Next to the traditionally
used linear regression, it provides the opportunity to employ robust
nonlinear machine learning functions to investigate climate-growth
relationships, including nonlinear artificial neural networks with the
Bayesian regularization training algorithm. Further, dendroTools
enables the comparison of various regression algorithms for climate
reconstruction, and the packages can be used directly to calibrate
models for climate reconstruction (Jevsenak et al., 2018b). Due to the
broad functionality of dendroTools, including high-quality graphical
outputs, it is frequently used in dendroclimatological studies (see, e.g.,
Lopez-Saez et al., 2023; Tumajer et al,, 2023; Rai et al., 2024).

paleocar (Bocinsky et al., 2016) contains functions to carry out
tree-ring-based spatiotemporal paleoclimate reconstruction over
large geographic areas. It uses the CAR (Correlation-Adjusted
(marginal) coRelation) approach as implemented in the “care”
package (Zuber and Strimmer, 2011), with speed and memory use
optimization. The package has been used to perform paleoclimate
reconstructions of precipitation over the Southwestern United States
(Bocinsky et al., 2016; Strawhacker et al., 2020).

treeclim (Zang and Biondi, 2015) calibrates proxy-climate
relationships in tree-ring chronologies. It offers tools for
bootstrapped response and correlation functions, seasonal correlation
analysis, and reconstruction skill assessment. The package features a
stationary bootstrap method to handle temporal autocorrelation,
ensuring robust statistical analysis. It supports flexible variable
selection, various bootstrapping schemes, and moving correlation
functions. Users can input monthly climate data to calculate
response and correlation functions and evaluate the temporal
stability of dendroclimatic relationships. This package represents an
enhanced version of the no longer available bootres (Zang and Biondi,
2013) and it is broadly used in dendroclimatology (see e.g., Altman
et al., 2020; Grover et al., 2023; Arco Molina et al., 2024).

3.2.2.2 Dendroecology

Dendroecological studies, here including also the fields of
dendrogeomorphology and dendropyrology, focus on the imprint
of ecological and environmental processes in tree rings. These
studies mostly focus on detecting disturbances, environmental
pollution, specific forest dynamic patterns or other discrete events
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using tree rings. We have identified seven R packages tailored for
such analyses (Figure 1; Table 1).

burnr (Malevich et al., 2018) was developed for tree-ring fire-scar
analysis, however, it applies to other event analyses. It reads, writes, and
analyses tree-ring fire history (FHX) files. burnr produces fire
demography charts, calculates fire frequency and seasonality
statistics, and runs superposed epoch analysis. A unique benefit of
the package is that it enables automatic analysis and visualization (that
is useful for large datasets), but it also facilitates the integration of other
R packages (e.g., dplR). Studies using burnr often focus on fire regime
(Badeau et al,, 2024) and fire history related to climate and human-
driven changes (Sahan et al,, 2023).

dfoliatR (Guiterman et al., 2020) identifies, quantifies, analyses,
and visualizes growth suppression events in tree rings that are often
produced by insect defoliation. It infers defoliation events in
individual trees based on user-specified thresholds with functions
for summary statistics and graphics of tree- and site-level series.
dfoliatR is based on OUTBREAK program and improves it in many
ways (e.g., identification of events, user control, computation
capacity). Moreover, it can remove climatic signals in the series
by an indexing procedure. The package is often used for outbreak
detection (Jiang et al., 2024) or dendrochronological reconstruction
of outbreaks (Fraver et al., 2024).

IncrementR (Kaspar et al., 2019) contains a set of functions for
the analysis of height growth along the stem of trees and shrubs
(Rita et al., 2020). The main computed parameters provided by the
package include height growth along the stem, changes in stem
eccentricity and taper. It also contains functions utilizing standard
procedures for the estimation of the number of missing tree rings
near the pith (Kaspar et al., 2020). The package is useful in
ecological and dendrogeomorphological studies as well as
serial sectioning.

pointRes (van der Maaten-Theunissen et al., 2015) identifies event
and pointer years in tree growth patterns and assesses resilience
components. It offers two primary methods: normalizing tree-ring
data within a moving window or comparing growth to average growth
in preceding years. Users can define thresholds to tailor analyses. The
package calculates resilience metrics such as resistance, recovery, and
relative resilience, offering insights into tree responses to environmental
stressors (Charlet de Sauvage et al., 2023; Camarero et al., 2024). It also
provides various plotting functions for visualizing results. An update,
pointRes 2.0 (van der Maaten-Theunissen et al,, 2021), introduced new
indices characterizing tree-growth resilience and new functions for
calculating pointer years (see, e.g., Jetschke et al., 2023).

StemAnalysis (Wu et al., 2023) provides a set of procedures for
the reconstruction and exploration of tree-growth patterns and
estimating tree biomass and carbon storage by volume and
allometric models. It is designed to determine age class, stem
growth profiles (height, outside-bark diameter, and volume),
construct height-diameter relationships, and, consequently,
estimate tree biomass and carbon for an individual tree. The
package contains several allometric relationships, such as height-
diameter (e.g., Richards, Logistic, Weibull, and Gompertz curves),
outside-bark DBH, outside-bark stem volume, and carbon
accumulation with tree age.
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TRADER (Altman et al., 2014) contains four methods
commonly used for the detection of disturbance events, (i) radial-
growth averaging criteria developed by (Nowacki and Abrams,
1997), (ii) the boundary-line method (Black and Abrams, 2003),
(iii) the absolute-increase method (Fraver and White, 2005), and
(iv) the combination of radial-growth averaging and boundary-line
techniques (Splechtna et al., 2005). Moreover, TRADER enables the
detection of past disturbance events using tree-ring data using 24
published methods by setting the various parameters (see also
Altman, 2020). The function of comparison of results between
different methods is also implemented. Lastly, TRADER contains
functions for the detection of tree recruitment and growth trends.
Since its introduction, TRADER has been used, e.g., to detect growth
releases (Carter et al., 2021; Gonzalez de Andrés et al., 2024), growth
suppression (Camarero and Valeriano, 2023), and growth pattern
determination (Janda et al., 2021) to understand forest dynamics.

UT_FVS (Giebink et al.,, 2022) combines tree-ring and forest
inventory data to create a species-specific tree-growth model. By
combining forest monitoring data with climate response recorded
in tree rings, it parameterizes a widely used forest management tool
- Forest Vegetation Simulator (i.e., Forestry growth and yield
models, FVS) for several tree species. It allows the parsing of the
multiple drivers of tree growth and forest stand development, such
as climate, competition, and site characteristics. Further, it will
provide more accurate projections of carbon uptake, allowing
foresters to anticipate stand vulnerability to climate change and
adaptively manage to increase stand resilience.

3.2.2.3 Dendroanatomy and wood formation

Dendroanatomy, which encompasses here xylogenesis
observations, dendrometer measurements, and quantitative wood
anatomy, is a relatively new and rapidly evolving area within
dendrochronology. Hence, in contrast to other tree-ring
disciplines, many of the R packages listed in this section lack
alternatives in commercial software. This underscores the demand
for open-source tools in this research domain, which is evident from
the considerable number of R packages available. We identified ten
R packages dedicated to dendroanatomy and wood formation
(Figure 1; Table 1).

CAVIAR (Rathgeber et al.,, 2011, 2018) is a package dedicated to
the verification, visualization, and manipulation of wood-
formation-monitoring data for conifers growing in temperate and
cold environments. It contains algorithms to check, display, and
process wood-formation-monitoring data, including the
computation of dates of wood-formation phenology. This package
is currently used as a standard for detecting outliers in the
observational data (e.g., Rathgeber et al,, 2016), to assess the
onset, duration, and end of wood formation processes such as cell
enlargement, wall thickening, and maturation (e.g., Wang et al,
2023); and to fit Gompertz function to wood formation dynamics
data (e.g., Debel et al., 2024).

dendRoAnalyst (Aryal et al., 2020) is designed for managing and
cleaning dendrometer data, separating radial growth from daily
cyclic shrinkage and expansion, calculating daily statistics, and
linking it to daily meteorological data. The cleaning process
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includes identifying and erasing sudden jumps in dendrometer
data, identifying time gaps, and changing temporal resolutions.
Similar to dendrometeR (van der Maaten et al., 2016) and
treenetproc (Kniisel et al., 2021), this package is used to extract
intra-annual growth rates to link them to co-occurring
environmental data (e.g., Zhou et al., 2023; Zhang et al,, 2024).
dendrometeR (van der Maaten et al.,, 2016) facilitates the
analysis of dendrometer data using both daily and stem-cycle
approaches. The package contains customizable functions to
prepare, verify, process, and plot dendrometer series, as well as
functions that facilitate the analysis of dendrometer data (i.e. daily
statistics or extracted phases) in relation to environmental data. For
example, it was used for processing raw dendrometer data to obtain
the daily maximum radius series (Sanmiguel-Vallelado et al., 2021).

DevX (Cruz-Garcia et al, 2019) enables the presentation of
dendrometer curves and the overlay of growth model fits (Gompertz
and Weibull) derived from xylogenesis observations. Wood phenology
estimates, such as growth onset, cessation, and duration, are calculated
using Gompertz fits (see, e.g., Yin et al., 2024).

RAPTOR (Peters et al,, 2018) is designed to transform spatially-
resolved tracheid anatomical data — produced by software such as
ROXAS, WinCELL, and Image] - into radial row positional
information for tracheidograms. Using advanced local search and
alignment algorithms, RAPTOR assigns tracheids to radial files and
determines their positions within them. The outputs from RAPTOR
consolidate various intra-ring cell measurements into
representative radial files, which are invaluable for linking cell
properties — such as size (Cuny et al.,, 2019; Peters et al., 2021),
biomass (Martinez-Sancho et al, 2022), chemical composition
(Martinez-Sancho et al., 2023), and functional structure
(Sviderskaya et al, 2021) - to the timing of cell formation and
corresponding environmental conditions. This linkage is usually
achieved through the integration of observed data, such as
xylogenesis (e.g., Pérez-de-Lis et al, 2022), modelled data (e.g.,
Vaganov et al., 2006; Popkova et al, 2018), or climate-growth
derived data (e.g., Castagneri et al,, 2017).

rTG (Jevsenak et al,, 2022) is designed for analyzing tree-ring data
and studying tree-growth dynamics, focusing on modelling the temporal
patterns of secondary growth in trees, particularly xylem and phloem
formation. It offers three key modelling approaches: the Gompertz
equation, general additive models, and artificial neural networks with
Bayesian regularization, allowing users to compare methods for optimal
modelling (see, e.g, Mousavisangdehi et al, 2024). The package is
valuable for studying the impacts of environmental factors and climate
change on tree growth over time, providing tools for modelling intra-
annual growth dynamics and comparing growth across individuals, sites,
and seasons. It helps advance understanding of tree responses to
ecological and climatic influences. It was used to simulate intra-annual
growth dynamics of Fagus orientalis (Mousavisangdehi et al., 2024).

tgram (DeSoto et al., 2011) computes and plots tracheidograms
of tracheid anatomical data obtained from line profiles performed
along radial files.

tracheideR (Campelo et al, 2016) provides functions for
identifying and measuring the tracheid’s radial lumen and wall
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thickness from line profile data performed on radial files and
calculates standardized tracheidograms. It was used for
standardization of data based on the relative position of each
tracheid inside the tree ring (Vieira et al., 2020).

treenetproc (Kniisel et al., 2021) cleans, processes, and visualizes
highly resolved time series of dendrometer data. In two steps, raw
dendrometer data is aligned to regular time intervals and cleaned.
Further, the package offers functions to extract the day of the start
and end of the growing season as well as several characteristics of
shrinkage and expansion phases. For instance, it allows users to
calculate daily and seasonal growth increments, assess water deficit
responses through stem shrinkage patterns, and analyze diurnal
cycles to infer tree water status and address ecological and
physiological questions. Treenetproc has been employed to
determine the climatic drivers of radial growth (Plavcova et al,
2024), the borders and the effective days with growth during the
growing season and its variability across different species (Etzold
etal,, 2022), to reveal how drought conditions alter tree water storage
and elastic shrinkage (Peters et al., 2023), and to assess tree growth
responses to heatwaves or late frosts (e.g., Salomon et al., 2022).

ttprocessing (Kabala et al., 2024) processes the data produced by the
modular monitoring system, the Tree Talker. Most relevantly for
dendrochronology, one of the sensors integrated into the Tree Talker
system is an infrared dendrometer, which allows the tracking of the
growth patterns of trees over time. The package allows the user to
download the data, convert raw data to physical quantities, or estimate
sap flow from recorded data. Further, it facilitates (i) data treatment,
such as removing defective values or removing incomplete records,
(ii) visual inspection of the data, and (iii) technical management of the
monitoring system. For example, it was employed for obtaining the
hourly sap flux values (Kabala et al., 2025).

3.2.2.4 Dendroarchaeology

Dendroarchaeology is one of the most traditional disciplines
within tree-ring research and it is mostly dependent on absolute
dating of dead wood samples. Hence, the packages introduced in
part “3.2.1. General dendrochronological R packages” cover a
significant portion of calculations used within dendroarchaeology.
Further, we identified one R package developed specifically for the
use of dendroarchaeology (Figure 1; Table 1).

fellingdateR (Haneca, 2024) estimates the felling date from the
dated tree-ring series of historical timbers considering the presence
of partially preserved sapwood. It is especially useful for wood
samples where the sapwood is incomplete, and the last formed tree
ring is missing. The current version of fellingdater package is
designed for analyzing tree-ring data from European oak
(Quercus sp.) However, it also allows users to input custom
sapwood datasets, enabling the analysis of tree-ring data from
other regions and species. Further, the package also facilitates
crossdating procedures by computing commonly used correlation
values between dated tree-ring series and reference chronologies.
The package has been used to estimate felling dates of oak timbers
in medieval constructions in Belgium, linking building activity to
economic, social, and demographic dynamics (Haneca et al., 2020).
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3.2.2.5 Dendrochemistry

Dendrochemistry uses various techniques, mostly elements,
radiocarbon, and stable isotopes, to trace environmental changes.
We identified one R package relevant exclusively to dendrochemistry
(Figure 1; Table 1).

isocalcR (Mathias and Hudiburg, 2022) was developed to
standardize the calculations of leaf and tree physiological indices
derived from carbon stable isotopes. The isocalcR package ofters a set
of functions to calculate leaf carbon isotope discrimination, leaf
intercellular CO, concentration, the ratio of intercellular to
atmospheric CO, concentration, the difference between atmospheric
and intercellular CO, concentration, and intrinsic water-use efficiency.
These calculations are based on carbon isotope signatures in leaf or
wood tissue and require minimal input from the user. It also
implements data products of atmospheric [CO,] (ppm) and
atmospheric §'°CO, (%o) composition for the period 0-2021 C.E.
The package has been used to perform carbon isotope calculations
(Treml et al., 2022; Mathias et al., 2023; Santini et al., 2024).

4 Prospects and future challenges
4.1 An evolving dendrochronology

Since its foundation as a scientific discipline, tree-ring research
has been a cornerstone for dating and environmental
reconstruction, serving as a transdisciplinary tool bridging diverse
fields of study (Speer, 2010; Schweingruber, 2012). Traditional
methodologies primarily relied on ring width measurements,
using well-established techniques such as crossdating and
standardization to interpret environmental changes with annual
precision and accuracy (Fritts, 1976). For decades, widely used
statistical and graphical tools, such as COFECHA (Holmes, 1983)
for cross-dating or ARSTAN for detrending and chronology
building (Cook, 1985), along with other DOS-based programs
(Holmes, 1994), were the principal analytical tools for tree-
ring studies.

In recent decades, however, tree-ring research has experienced a
transformative shift driven by the digital revolution (Hey et al,
2009), shaping its role in understanding tree growth and
environmental interactions. These changes have broadened the
scope of the field, integrating disciplines such as ecophysiology
(Arco Molina et al,, 2024), wood anatomy (von Arx et al., 2021),
dendroprovenancing (Hellmann et al., 2017; Housset et al., 2018),
or growth phenology (Cuny et al, 2015; Gao et al, 2022). This
expansion has provided deeper insights into tree growth
mechanisms and propelled tree-ring research into new frontiers
(Altman, 2020; Dominguez-Delmas, 2020; Pearl et al., 2020).

This transformation is evident at multiple levels. Advances in
computational power and the inclusion of innovative techniques
reduce data processing costs and time, leading to the reshaping of
traditional approaches. Methods such as X-ray densitometry
(Bjorklund et al., 2019), blue light reflectance (Rydval et al,
2024), and digital microscopy for quantitative wood anatomy
(Fonti et al., 2010) enable precise evaluation of sub-annual
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resolution. Additionally, cutting-edge instrumentation like
MICADAS radiocarbon analysis (Wacker et al., 2014) and laser
ablation for stable isotope measurements (Saurer et al., 2023)
enhance accuracy and detail in isotopic analyses.

Simultaneously, tools for monitoring tree physiology (Steppe
et al, 2015) and environmental conditions (Correa-Diaz et al,
2019) offer unprecedented spatial and temporal resolution,
spanning scales from cellular to ecosystem levels (Puchi et al,
2020). Remote sensing and advanced monitoring systems further
enhance the link between high-resolution environmental datasets
and tree-ring observations, enabling the contextualization of growth
responses and facilitating nuanced ecosystem analyses. Powerful
data analysis tools, including artificial intelligence and machine
learning, amplify these technological advancements. These methods
streamline the recognition of anatomical patterns (Resente et al.,
2021; Katzenmaier et al, 2023) and facilitate the integration of
increasingly large and complex datasets (Babst et al., 2018).

However, the need for integrating R with other programming
languages and platforms is growing. Python and C++, for example,
are becoming essential in handling more complex tasks, such as
automated image analysis for tree-ring measurement (e.g., deep
learning and machine learning techniques) and high-resolution CT
imaging for wood anatomy. These languages excel at processing
large image datasets and running intensive computational analyses,
complementing R’s strengths in statistical modeling, data
visualization, and ecosystem modeling. Furthermore, cloud-based
computing platforms and distributed processing are poised to
support large-scale data workflows, enabling seamless integration
with R for processing and analyzing data in parallel.

Looking ahead, combining R’s strengths with other tools and
languages, as well as leveraging emerging technologies such as
machine learning and cloud computing, is expected to create even
more efficient and scalable workflows in dendrochronology. By
streamlining the integration of different approaches, researchers
will be better equipped to handle the increasing complexity of tree-
ring datasets, unlocking new insights into forest dynamics, climate
variability, and long-term ecological change.

4.2 R's role in advancing and standardizing
dendrochronology

In addition to these technological advances, the integration of
diverse tools and programming languages is becoming increasingly
relevant in modern dendrochronology. R, for example, continues to
play a central role in data analysis, with various packages developed
for tree-ring measurement and statistical analysis. These packages,
such as CTring, MtreeRing, and dpIR, offer flexibility for tree-ring
measurement workflows, from earlywood-latewood delineation to
chronology building and statistical analysis.

In this context, R, with its established use within the research
community, represents a significant opportunity to drive
dendrochronology’s digital transformation. This powerful, open-
source, and accessible platform can further support versatile,
standardized, and transparent approaches to data handling and
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analysis (see https://opendendro.org as a first existing example),
which is essential for advancing the field (e.g., Bunn, 2008) and
fostering integration with related disciplines (e.g., Jevsenak et al,
2018a). Already widely adopted by the community, R offers an
extensive range of R packages for dendrochronology for data
manipulation, statistical analysis, and visualization (see Section 3
for an overview). Thus, R-related functionalities can serve as a
central hub for modernizing and streamlining workflows within
the discipline.

However, several key areas could be further developed to fully
capitalize on R’s potential in transforming dendrochronology. First,
while R currently supports a range of standard tasks in
dendrochronology, the integration of emerging data types and
structures from both tree-ring analysis and related fields remains a
challenge. These include tree-ring-based multi-proxy datasets, which
combine various records of tree characteristics beyond the standard
single-value-per-ring approach, such as wood density, cell structure
and size, stable isotopes, and chemical compositions. Additionally,
the integration of diverse proxy records, such as ice-core, shells,
corals, fish otoliths, speleothems, and DNA, remains
underdeveloped. Moreover, as dendrochronology increasingly
intersects with other disciplines, such as remote sensing, genetics,
and climate science, R packages that facilitate interdisciplinary
integration will become more critical. For example, integrating
remote sensing data with tree-ring chronologies could deepen our
understanding of how vegetation responds to climate change
(Correa-Diaz et al, 2019; Tumajer et al., 2023), while linking
genetic markers with dendrochronological data might offer new
insights into tree adaptability and genetic diversity (Housset et al,
2018; Isaac-Renton et al., 2018; Martinez-Sancho et al., 2021).
Furthermore, the inclusion of sub-annual resolved datasets, which
provide finer temporal resolution of tree growth and environmental
responses (Lopez-Saez et al, 2023), is still a challenge, as are
differences in temporal and spatial scales (Babst et al., 2018;
Altmanova et al., 2025). These challenges are particularly
pronounced when combining tree-ring data with other data types
at different scales, such as ecosystem-level or pixel-level data. The
integration of such disparate datasets requires careful alignment of
both temporal and spatial dimensions to ensure meaningful analyses.

Moreover, R’s existing statistical capabilities are vast, but the
integration of cutting-edge techniques—such as machine learning
and artificial intelligence in dendrochronological tools—remains
underdeveloped (but see, e.g., Jevsenak et al., 2018a; Resente et al.,
2021; Katzenmaier et al., 2023; Polacek et al., 2023; Garcia-Hidalgo
et al,, 2024; Keret et al., 2024). These methods hold great promise
for automating image-based, labor-intensive tasks, such as tree-ring
measurement or cross-dating, thereby reducing subjectivity,
increasing repeatability, and significantly enhancing efficiency.
However, as these techniques are further integrated into
workflows, there is a growing need to ensure that the “magic box”
of AT and machine learning models remains transparent (Cheong,
2024). This transparency is crucial to ensure that the underlying
processes are understandable, reproducible, and scientifically valid,
which helps improve interpretation and build trust in the results.
Additionally, the effectiveness of Al models relies heavily on the
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quality and diversity of their training datasets. Ensuring that these
datasets are publicly available, comprehensive, representative, and
free from bias is essential for developing robust and reliable models
that can be confidently applied in dendrochronology.

Furthermore, R’s capabilities extend beyond analysis. By
integrating with other open-access tools (e.g., Image], QuPath,
PostgreSQL, Shiny), R can provide a foundation for building
workflows that not only standardize analyses but also centralize,
archive, and make both raw data and metadata interactively visible,
along with their corresponding analyzed digital images (e.g.,
Rademacher et al., 2021b). Advanced visualization techniques will
play a crucial role in interpreting complex, multi-proxy datasets that
combine tree-ring data with other environmental or ecological
variables. Future R packages could include tools for creating
interactive visualizations of temporal structures in intra-annual
data, which would enhance the interpretation of high-resolution
datasets and reveal subtle environmental signals. Additionally,
sophisticated statistical approaches, such as spatiotemporal,
hierarchical, and mechanistic modeling, offer transformative
potential for analyzing complex patterns across diverse
environmental conditions and geographic regions. Mechanistic
models, in particular, could simulate the processes driving tree
growth and environmental responses, offering deeper insights into
how various factors interact over time and space (Babst et al., 2018).
Together, these approaches would enhance data processing efficiency,
comply with the FAIR data principles, and offer significant
opportunities to strengthen and modernize the invaluable
International Tree-Ring Data Bank (ITRDB, see Zhao et al. (2019)
for a description of its content). As the volume and diversity of data
structure continue to grow, developing R packages incorporating
these advanced workflows will facilitate the systematic organization
and long-term storage of data, enabling broader temporal and spatial
coverage. This would not only push the boundaries of
dendrochronology but also expand the ITRDB’s capacity for future
research and collaborations (Guiterman et al., 2023).

Lastly, the growing emphasis on reproducibility and transparency
in research highlights the critical need for well-integrated metadata
management. While initiatives such as TRiDa$ (Jansma et al., 2010),
Tellervo (Brewer, 2016), and LiPD (McKay and Emile-Geay, 2016)
have significantly improved metadata accessibility, R packages still
require further development to standardize metadata handling. Such
enhancements would ensure better interoperability across datasets
and studies, making it easier to share and compare data. Addressing
these gaps will not only improve the accessibility of data but also
promote greater collaboration, enabling more impactful
interdisciplinary research.

4.3 Building an R-centered
dendrochronological ecosystem

To fully capitalize on the potential of R in dendrochronology, it
is essential to develop a centralized and coordinated ecosystem for
managing and distributing R packages and related datasets. This
ecosystem requires contributions from all stakeholders.
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Package developers could play a pivotal role by prioritizing the
creation of well-documented, actively maintained, and user-friendly
tools. Hosting these packages on structured repositories, preferably
CRAN, ensures standardized documentation with detailed
descriptions of functions, arguments, and working examples,
facilitating broader adoption. Meanwhile, GitHub offers flexibility
for collaborative development during the early stages, providing an
invaluable space for innovation. Publishing research articles
alongside R packages would further amplify their visibility and
impact by providing scientific context, detailed use cases, and peer-
reviewed workflows, thereby fostering trust and alignment with
research standards.

Users, as key contributors, could complement these efforts by
reporting bugs, suggesting improvements, and supporting updates,
especially for newly developed or evolving packages. Such collaboration
strengthens tools, builds professional networks, and enhances the
ecosystem, ultimately benefiting the broader research community.

Leading organizations such as the Association for Tree-Ring
Research (ATR) and the Tree-Ring Society (TRS) could support the
ecosystem by (i) maintaining an up-to-date field-specific list of R
packages as well as other software’s/tools related to
dendrochronology, (ii) promoting best practices for package
usage and development, and (iii) curating structured repositories
of tree-ring data and associated metadata. A centralized platform
hosted by such well-established organizations could serve as a
reliable and long-term hub for collaboration, reproducibility, and
open science, ensuring that researchers have easy access to the most
relevant tools and documentation.

Initiatives and platforms such as (i) Dendro-Hub (https://
www.dendrohub.com, the online community for
dendrochronologists), (ii) OpenDendro (https://opendendro.org,
the home of an open-source framework for the essential analytic
software used in dendrochronology), (iii) Dendro-Elevator (https://
dendro.elevator.umn.edu/, a cyberinfrastructure model for online
archive curation, visualization, and analysis with images of tree-
rings and related environmental proxy datatypes), or (iv) Dendro-R
(https://ronaldvisser.github.io/Dendro_R, a list of R-packages for
dendrochronology), together with (v) relevant review papers,
provide an excellent starting point for centralizing knowledge and
building a collaborative, open-access infrastructure. By enabling the
sharing of datasets, methods, images, and analytical scripts, they
promote transparency, reproducibility, and standardized
workflows, allowing data to be more easily accessed, compared,
and integrated across studies. Moreover, such platforms can foster
cross-disciplinary research by enabling seamless integration
between dendrochronology and related environmental sciences.
As these tools mature and their adoption broadens, they hold the
potential to advance the accessibility, interoperability, and impact of
dendrochronological research.

Ultimately, a unified R-centred ecosystem could overcome the
inconsistencies that arise from using disparate software tools. Fostering
a more standardized and consistent approach would support robust
interdisciplinary collaboration, positioning dendrochronology as a critical
contributor to environmental and climate science. This ecosystem would
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provide a powerful foundation for sharing and visualizing tree-ring data,
incorporating AT and machine learning tools, and developing innovative
approaches for analyzing complex, multi-proxy datasets.

We are convinced that the R environment provides the
conditions for the above-suggested transition to be successful. We
thus encourage the dendro-community to persist in the
development of R packages to further enhance the quality of tree-
ring research by equipping researchers with state-of-the-art tools.
To facilitate this evolution, scientific publications introducing new
methods should be required to include publicly available working
codes upon submission. Without this requirement, incorporating
novel methods becomes challenging, increasing the risk of errors
and reducing reproducibility. Journals must adopt clear guidelines
requiring working code with examples for new methods to ensure
their accessibility and effective integration into research workflow.

5 Conclusion and call to action

The success of this R-centered dendrochronological ecosystem will
hinge on community engagement, the sharing of resources, and the
alignment of efforts to tackle the critical challenges facing modern
dendrochronology. We urge researchers and organizations to invest in
the development of R-based platforms and contribute to the ecosystem’s
sustainability. By adopting open science principles and ensuring the
sustainability of the ecosystem through regular updates and active
collaboration, the field will be well-positioned to address future
environmental challenges.

In conclusion, the future of dendrochronology hinges on our ability
to adapt to the complexities of modern data and computational methods.
By developing and maintaining specialized R packages and promoting
standardized workflows, we can streamline data analysis, enhance
reproducibility, and support interdisciplinary collaboration. For
example, integrating tree-ring data with remote sensing or genomic
information could provide unprecedented insights into how forests
respond to climate change. The continued evolution of the R
ecosystem for dendrochronology will not only unlock new
opportunities to address pressing environmental challenges but also
empower researchers to advance our understanding of tree growth
processes and refine reconstructions of past and present climate
dynamics. A collective commitment to innovation and collaboration
within the dendrochronological community will ensure these tools reach
their full potential in shaping the future of environmental science,
ultimately advancing our understanding of tree growth and past and
present climate dynamics.
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