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Abstract

The study of dendrochronology has intensified in recent years due to its close relationship with addressing environmental

issues. Therefore, the objective of this study was to analyze the development of dendrochronological research in Mexico

through a comprehensive literature review, which included search engines, websites, and publications from national and

international journals. The collected information was organized into a database and classified into nine categories to analyze

study frequencies, species, and locations. A total of 229 documents published between 1944 and 2021 were identified, with a

significant increase during the period from 2009 to 2021, when dendroclimatology emerged as the most studied subdiscipline.

In total, 429 different chronologies were documented, primarily distributed in the Sierra Madre Occidental. The best-represented

reconstructed period spanned from 1801 to 2019. The most frequently studied species were Pseudotsuga menziesii and Pinus

hartwegii. The most common application of this science has been precipitation reconstruction. Due to its extensive biodiversity,

Mexico has significant potential for dendrochronological research. However, it is essential to expand both the physical and
intellectual boundaries of this field and broaden its spatial scope within the country.

P Keywords: tree rings, chronologies, dendroclimatology, dendroecology, climate reconstruction.

Introduction

The development of forest ecosystems is primarily deter-
mined by environmental factors. When these factors align
with optimal conditions, tree growth improves; conversely,
under adverse conditions, growth tends to be limited
(Villanueva-Diaz et al., 2011). The radial growth of woody
forest species, particularly conifers, leads to the formation of
growth rings. These anatomical structures inherently record
temporal variability and influence of factors such as climate,
wildfires, pests, diseases, geomorphological processes,

competition, air pollution, and human management, among
others (Franco-Ramos & Vizquez-Selem, 2017). Among these
factors, climate has the greatest influence on natural forests
(Rojas-Garcia et al., 2020).

Dendrochronology is a science that examines temporal varia-
bility of physical, structural, and compositional changes in
tree growth rings and their relationship with environmental
conditions of the sites where they develop. This discipline
makes it possible to reconstruct and study a part of the
environmental history underlying the development of the
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trees, as it allows for the analysis of various climatic varia-
bles and ecological processes spanning from hundreds to
thousands of years (Douglas, 1941).

Dating growth rings of species sensitive to specific
environmental conditions has become a trusted tool for
the historical analysis of these conditions, as it offers a
wider temporal perspective than instrumental records
(Villanueva-Diaz et al., 2002). Depending on the approach
and application of dendrochronological series, this science
is categorized into various fields, including dendroclima-
tology, dendroecology, dendropyrology, dendrochemistry,
dendrogeomorphology, dendrohydrology, dendrovolcano-
logy, and dendroarchaeology (Amoroso & Suarez, 2015).

The study of dendrochronology in Mexico began in the
1940s with the work of Schulman (1944). In the early
1960s, new chronologies were established during the expe-
dition to Casas Grandes in Chihuahua, where a notable
500-year floating chronology was developed (Bannister &
Scott, 1964). In the 1970s, the “Mexican Tree Ring Project”
led to the development of several chronologies (Therrell,
2003), although their application has remained limited
(Villanueva-Diaz et al., 2011). During this time, Naylor
(1971) conducted a preliminary study in Oaxaca, but was
unable to generate successful chronological advances.

At the beginning of the 21st century, the global interest
in understanding the historical variability of climate and
other environmental factors influencing forest dynamics
(such as wildfires and atmospheric circulation pheno-
mena) spurred the study of dendrochronology in Mexico.
This was achieved through technical and financial contri-
butions of international organizations (Villanueva-Diaz
et al., 2002). In the last two decades, the use of multiple
forest species with dendrochronological potential across
various approaches has demonstrated Mexico’s viability for
the development of this science (Reyes-Basilio et al., 2020).
These advancements have positioned the country as one
of the leading nations in dendrochronological research in
Latin America (Fo et al., 2009).

In this context, the objective of this article was to analyze
the spatial-temporal evolution of dendrochronology studies
in Mexico through a comprehensive literature review and
the analysis of relevant scientific products. The goal was
to generate information that provides a comprehensive
understanding about the application of this science in the
country, to diagnose research needs and opportunities, and
to provide solid bases for decision-making for the develop-
ment of dendrochronology.

Materials and methods
For this study, scientific publications (research articles)

as well as gray literature (books and chapters, conference
proceedings, technical brochures, and preprints) from
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1944 to 2021 were considered. The latter, although less
formal, represent relevant contributions from the scientific
community that, directly and indirectly, are related to the
progress of dendrochronology in Mexico (Montes de Oca-
Montano, 2018). Information was searched and obtained
through specialized search engines such as Science
Direct, Scopus, Wiley Online Library, and Springer; addi-
tionally, websites like Google Scholar, Redalyc, SciELO,
and PubMed were consulted. Special attention was paid
to the contents of the main national forestry journals:
Revista Mexicana de Ciencias Forestales, Madera y Bos-
ques, Revista Chapingo Serie Ciencias Forestales y del
Ambiente, Agrociencia, and Investigaciones Geogrificas,
as well as high-impact international journals: Dendrochro-
nologia, Tree-Ring Research, Trees y Forest.

For the search, the following keywords were used in both
Spanish and English: “dendrochronology”, “growth rings”,
“Mexico”, “dendroclimatology”, “dendroecology”, “radial
growth”, “chronologies”, “climatic reconstruction”, “tree
rings”, “fire scars” y “paleoclimatology”, as well as their
combinations using the logical operator AND. As inclusion
criteria, all publications referring to dendrochronology in

Mexico were considered.

The information collected was organized into a database
in Microsoft Excel®, using macros to semi-automate the
process. The information fields corresponded to two cri-
teria: documents and content. The first criterion included
a unique identifier composed of consecutive numbers,
title, year of publication, journal, authors and institution
of origin. For the content of the documents, the following
was considered: study site (entity, latitude, longitude and
altitude), species studied, type of vegetation, variable
measured in the rings (ring width, earlywood, latewood,
chemical composition, fire scars or geomorphic processes,
among others), chronology ranga and period, recons-
tructed variable, and range and period of reconstruction.

Subsequently, the information was classified into nine
categories based on the analysis of growth ring chronolo-
gies: dendroclimatology, dendroecology, dendropyrology,
dendrochemistry, dendrogeomorphology, dendrohydro-
logy, dendrovolcanology, dendroarchaeology, and others
(which included systematic reviews, meta-analyses, sites
suitable for dendrochronological studies, and reconstruc-
tion of agro-food variables). Each category was analyzed
based on frequencies, species, and locations studied.

Results and discussion

A total of 229 documents related to dendrochronology in
Mexico were identified. Of these, 90 % (206) were scien-
tific articles, while books or book chapters accounted for
6.6 % (15), proceedings from scientific dissemination
events made up 3 % (seven), and preprints represented
0.4 % (one).
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The scientific articles were published in a wide range of
indexed journals. A total of 83 different journals were iden-
tified, mainly foreign (74.4 %). This reflects the quality and
scientific rigor of research in this field in Mexico, because
these articles met the requirements for publishing their
results in leading journals. More than half (53.66 %) of the
published articles appeared in foreign journals, primarily
from the United States (Figure 1). The national journals
with the highest number of publications were Revista Mexi-
cana de Ciencias Forestales, Madera y Bosques, and Revista
Chapingo Serie Ciencias Forestales y del Ambiente.

Between 1944 and 2021, scientific production on den-
drochronology in Mexico concentrated in 33 years. The
average production during this period was 2.66 articles
per year (205 articles in total). Although the first studies
were conducted in the 1940s (Schulman, 1944), the initial
uncertainty about Mexico’s potential for the development
of this discipline led to intermittent progress and the gene-
ration of a limited number of chronologies throughout the
20th century (Bannister & Scott, 1964; Villanueva-Diaz et
al., 2000; Naylor, 1971). In contrast, the 21st century saw a
significant shift in the research trend of this science.

Three periods of scientific production in dendrochrono-
logy in Mexico were identified (Figure 2). The first period
(from 1944 to 1998) showed limited development and
low productivity in dendrochronological research in the
country. During these 54 years, only 12 scientific products
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were recorded (5% of the total). According to Villanueva-
Diaz et al. (2000), just over 40 chronologies were generated
during this period.

In the second period (from 1999 to 2008), a substan-
tial improvement was observed, with 17 % (39) of the
229 scientific products found published. Villanueva-
Diaz et al. (2009) classify this period as one in which the
knowledge of the application of dendrochronology in
Mexico was strengthened. This resurgence was driven
by four factors: 1) growing scientific interest in climate
elements and their temporal variation, atmospheric circu-
lation phenomena (Villanueva-Diaz et al., 2002), temporal
availability of water resources (Villanueva-Diaz et al.,
2007), and influence of other environmental factors on
natural resources; 2) the establishment of a dendrochro-
nology laboratory in Mexico; 3) national and international
funding for research projects (Villanueva-Diaz et al., 2008);
and 4) collaboration and technical support of international
organizations (Villanueva-Diaz et al., 2011).

In the third period (from 2009 to 2021), the rise of dendro-
chronology in Mexico was consolidated, with 77.7 % (178)

of the scientific products considered in this study being
published.

The temporal analysis identified nine categories or
research approaches, with the results emphasizing the
predominance of studies focused on the relationship
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Figure 1. Distribution of the number of articles and national (orange) and foreign (green) journals that have published research on

dendrochronology in Mexico. The blue line reflects the cumulative percentage. RMCF: Revista Mexicana de Ciencias Forestales;

RCSCFyA: Revista Chapingo Serie Ciencias Forestales y del Ambiente; IG: Investigaciones Geograficas; RCFM: Revista de Ciencias

Forestales en México; RMCA: Revista Mexicana de Ciencias Agricolas; TRR: Tree-Ring Research; JGR: Journal of Geophysical

Research; CJFR: Canadian Journal of Forest Research; FEM: Forest Ecology and Management.
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Figure 2. Scientific production related to dendrochronology in Mexico: A) three periods of scientific production (highlighted bars indicate

outstanding production) and B) production according to the dendrochronology category.

between ring width and climate variables. Other approa-
ches include research on the influence of environmental
variables other than climate (Grissino-Mayer et al., 2005),
dendrochronological potential, dissemination of methodo-
logies, and innovation studies (Figure 2B).

Dendroclimatology

Dendroclimatology is based on the physiological ability of
certain tree species to record climatic variability in their
growth rings, making them genuine meteorological bio-
stations (Cerano-Paredes et al., 2016, 2021). This physi-
ological ability allows them to record dominant climate
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conditions, as well as interannual variations at a specific
spatial scale and with seasonal resolution (Manzanilla-
Quifiones et al., 2020). Dendrochronological methods help
detect the relationship between ring width and climate
variables, leading to the emergence of dendroclimatology.
This subdiscipline is essential for analyzing global climate
variability, the influence of atmospheric circulation phe-
nomena, and their effects on natural resources (Cerano-
Paredes et al., 2011; Gémez-Guerrero et al., 2013).

In Mexico, dendroclimatology represents the most
developed approach within this science, with 53 % (122)

of the scientific products analyzed. Research is mainly
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concentrated in the north and center of the country and
has made it possible to evaluate how climatic variables
influence forest development in these regions. In addition,
they have made possible the reconstruction of climatic
variables, such as seasonal precipitation and seasonal
rainfall. (Cardoza-Martinez et al., 2018; Cerano-Paredes et
al., 2011, 2021; Chavez-Gadndara et al., 2017; Diaz-Ramirez
et al., 2016; Irby et al., 2013; Manzanilla-Quifiones et al.,
2018; Villanueva-Dfaz et al., 2007, 2008, 2009).

Other climatic variables, such as temperature (Villanueva-
Diaz et al., 2020) and evaporation (Pompa-Garcia et al.,
2013), have also shown a relationship with the develop-
ment of growth rings. This connection has facilitated the
identification of extreme events, such as drought occur-
rences (Martinez-Sifuentes et al., 2019).

The influence of atmospheric circulation patterns on the
climatic variability of Mexico has generated significant
interest (Pompa-Garcfa et al., 2015). These dendroclimatic
studies have enabled the analysis of phenomena such as
El Nifio-Southern Oscillation (ENSO) (Cerano-Paredes et
al., 2011; Pompa-Garcia et al., 2013, 2015). Additionally,
the relationship between adverse events and climate vari-
ability has been explored (Burns et al., 2014). Overall, the
application of dendroclimatology has triggered the creation
of an extensive network of chronologies and has allowed
the evaluation of dendrochronological potential of a wide
range of species (Acosta-Herndndez et al., 2020).

Dendroecology

Trees can record certain ecological processes, and den-
droecology, as a specialized branch of dendrochronology,
focuses on their study (Rojas-Garcia et al., 2020). This dis-
cipline has been used to identify the temporal occurrence
of natural processes that influence the development of
growth rings, making it possible to determine the signi-
ficance of these processes for the development of forest
ecosystems. In Mexico, dendroecology has had several
applications. By analyzing stand structures and applying
dendrochronology, researchers have estimated forest ages
(Villanueva-Diaz et al., 2010), biomass quantities (Correa-
Diaz et al., 2019, 2020; Martinez-Sifuentes et al., 2019),
forest productivity (Arreola-Ortiz & Nivar-Chdidez, 2010;
Castruita-Esparza et al., 2016; Gémez-Guerrero et al., 2015;
Reyes-Cortés et al., 2020) and the capacity of forests to
capture carbon (Garcfa-Bedolla et al., 2015; Reyes-Basilio
etal., 2020).

Other applications include evaluating the effects of
extreme climatic events on the development of natural
resources (Acosta-Herndndez et al., 2020; Pacheco et al.,
2020; Pompa-Garcia et al., 2017; Rodriguez-Ramirez et al.,
2018), assessing the impact of pests on tree radial growth
(Lopez-Sinchez et al., 2017), and analyzing wood anatomy
and density (Morgado-Gonzilez et al., 2019; Rodriguez-
Ramirez et al., 2020).

Current Topics in Agronomic Science

I5]

Morales-Estrada, et al.
Dendropyrochronology

Fire plays a crucial ecological role in certain forest ecosys-
tems, and its benefits have been recognized by the scien-
tific community. Dendropyrochronology provides tools
for dating wildfires by analyzing the scars left by fire in
tree growth rings. This allows for the estimation of para-
meters related to historical fire regimes (Cerano-Paredes
et al., 2019) and provides a solid foundation for detecting
anthropogenic disturbances, as well as for developing fire
management strategies in forests (Sdenz-Ceja & Pérez-
Salicrup, 2019).

In Mexico, this subdiscipline is becoming increasingly
common, although studies remain scarce compared to the
country’s vast forested area (Cerano-Paredes et al., 2021;
Sdenz-Ceja & Pérez-Salicrup, 2019). Most studies have
identified changes in fire regimes, highlighting periods
of fire exclusion, particularly in recent decades (Cerano-
Paredes et al., 2021; Fulé & Covington, 1999; Sdenz-Ceja &
Pérez-Salicrup, 2019; Yocom et al., 2014). These changes,
mainly attributed to human activity, have raised con-
cerns within the scientific community, as prolonged fire
suppression can increase the risk of more severe future
events due to the accumulation of combustible materials.
Moreover, fire is an integral part of the ecology of many
forests (Cerano-Paredes et al., 2021). Several studies have
recommended incorporating fire management practices,
such as prescribed burns, to reduce fuel loads and mitigate
the risk of severe wildfires (Cerano-Paredes et al., 2021;
Ponce-Calderén et al., 2021).

Some studies, such as that of Skinner et al. (2008) have
explored the potential correlation between climate and fire
occurrence. However, Fulé and Covington (1999) argue
that this relationship is weak. These differences may be
attributed to the specific conditions of each study site,
including geographic location, topography, and vegetation
type. Additionally, Stephens et al. (2010) analyzed the for-
mation of fire scars and found that only a small proportion
of trees exhibited scarring.

Dendrochemistry

Trees can absorb chemical components present in water,
soil, and air. Variations in pollution levels or in the che-
mical composition of any of these media can be reflected
in the chemical content of growth rings (Reyes-Camarillo
et al., 2020). Through dendrochronological analysis, it
is possible to determine the temporal variability of the
chemical content in tree rings. Dendrochemistry is the
subdiscipline that, with the support of chemical methods,
allows for the evaluation of trees’ physiological responses
to variations in chemical elements (Correa-Diaz et al.,
2020; Gémez-Guerrero et al., 2013).

In Mexico, dendrochemistry has received little attention in
recent years. Studies have focused on three main areas: 1)
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analysis of stable isotopes and tree physiology (Beramendi-
Orosco et al.,, 2018; Correa-Diaz et al., 2020; Gémez-
Guerrero et al., 2013; Pacheco et al., 2020), 2) the impact
of environmental pollution on chemical concentration in
tree rings (Flores et al., 2017; Morton-Bermea et al., 2016),
and 3) the determination of chemical element composition
(Sheppard et al., 2008).

Dendrogeomorphology

In mountainous areas, characterized by steep slopes,
massive movements of rocky and edaphic material are
common, favored by gravity and geological, climatic and
anthropic factors. These processes can cause damage and
the removal of forest masses. Rock falls, landslides and
debris flows can cause alterations in trees, which can be
expressed as scarring, abrupt growth reduction, eccentric
growth and traumatic resin ducts. Each alteration can
be dated through the analysis of growth rings, which
facilitates the reconstruction of past geomorphological
processes (Stoffel et al., 2011).

In the mountains of Mexico, especially in the Sierra Trans-
versal, debris flows, torrential floods (Franco-Ramos et al.,
2019; Martinez-Sifuentes et al., 2019) and lahars (Bolls-
chweiler et al., 2010; Franco-Ramos et al., 2016) have been
reconstructed. Additionally, determining the age of trees
inhabiting newly formed geomorphological surfaces has
allowed estimating the minimum age of these structures
(Franco-Ramos & Vizquez-Selem, 2017).

Dendrohydrology

Dendrohydrology is used as a reliable tool for reconstruc-
ting river flows, groundwater levels, lake level changes,
and floods. By analyzing growth rings, it is possible to
generate dendrohydrological reconstructions that provide
insights into water resource availability (Villanueva-Diaz et
al., 2018). In Mexico, this subdiscipline has been applied to
reconstruct streamflow volumes, water body gauge levels,
and runoff patterns (Therrell et al., 2006; Villanueva-Diaz
etal., 2020).

Dendrovolcanology

The emission of ash and gases from volcanic eruptions can
cause alterations in regional environmental conditions.
When trees are partially or completely covered by volcanic
ash, they may either perish or record abrupt changes in
their development, such as the suppression of ring growth
(Biondi et al., 2003).

Dendrochronological analysis allows for the reconstruction
of eruptive events and the assessment of their effects on
forest ecosystems (Torbenson, 2015) by linking volcanic
eruptions with tree rings. However, for dendrovolcanolo-
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gical studies, it is crucial to distinguish between climate-
induced stress signals and those caused by volcanic activity
(Biondi et al., 2003).

In Mexico, dendrovolcanology has gained importance
through the analysis of the effects of the volcanoes along
the Trans-Mexican Volcanic Belt on trees in the region.
These studies have enabled the reconstruction of eruptive
events (Alcald-Reygosa et al., 2018; Alfaro-Sinchez et al.,
2020; Sheppard et al., 2008) and the tracing of pyroclastic
flows (Franco-Ramos et al., 2019). Furthermore, it has
been shown that volcanic eruptions lead to changes in
the chemical composition of growth rings, which is why
these studies are often complemented with dendro-
chemical analyses (Alfaro-Sdnchez et al., 2020; Carlén-
Allende et al., 2015).

Dendroarchaeology

In the past, wood played a crucial role in construction,
especially from species that form growth rings. This
characteristic has allowed dendrochronology to be used
at archaeological sites with ancient wood, for dating
historical buildings and other archaeological applications
(Bernabei & Macchioni, 2012). While this tool is useful for
extending chronologies and inferring historical events,
the application of dendroarchaeology in Mexico has
seen limited success. Villanueva-Diaz et al. (2011) note
that until the early 2010s, there was only one successful
example of this subdiscipline applied to prehistoric ruins
in Casas Grandes, Chihuahua. Additionally, with the help
of the “Wiggle Matching” radiocarbon, it was possible to
date ancient wood obtained from two sites in the Malpaso
Valley, Zacatecas (Turkon et al., 2018).

Other categories

The studies include those focused on systematic reviews
and meta-analyses specific to Mexico (Acosta-Hernindez
etal., 2017; Villanueva-Diaz et al., 2000), as well as reviews
on the development of dendrochronology in a broader
region (Bannister & Scott, 1964; Giraldo-Jiménez, 2011;
Rojas-Garcia et al., 2020; Schulman, 1944). Additionally,
suitable sites for dendrochronological studies (Carlén-
Allende et al., 2015) and for the reconstruction of agro-
food variables (Therrell et al., 2006) have been identified.

Figure 3 shows spatial distribution and volume of studies
related to different categories of dendrochronology. Most
of the research has been conducted in the central and
northern parts of the country, with a higher concentration
in the latter due to the predominance of dendroclimatic
studies, both in terms of volume and spatial applicability.

A total of 429 chronologies were identified, primarily dis-
tributed across three physiographic provinces: the Sierra
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Madre Occidental (44.76 %), the Trans-Mexican Volcanic
Belt (22.38 %), and the Sierra Madre Oriental (19.58 %).
The remaining 13.28% is distributed across other pro-
vinces in the country. Chronologies have been developed
in 28 states of Mexico, with Durango, Chihuahua, and
Coahuila accounting for just over half (51 %). Regarding
the species used, 53 different species have been reported,
with the majority belonging to the conifer group (84.9 %),
specifically the genus Pinus (60.38 %). Only eight broadleaf
species have been used to create chronologies in Mexico,
and three species dominate in terms of use: Pseudotsuga
menziesii (23.78 %), Pinus hartwegii (10.26 %) and Taxo-
dium mucronatum (8.86 %).

The chronologies span from the year 467 to 2019, cove-
ring a period of 1537 years. The longest chronology was
created from the growth rings of Taxodium mucronatum in
Los Peroles, San Luis Potosi (Villanueva-Diaz et al., 2007).
However, since most of the chronologies are concentrated
between 1801 and 2019, this period is the best represented
(Figure 4). In Mexico, precipitation is the variable most
closely related to the variability of tree rings, making it the
most reconstructed variable.

Conclusions

Dendrochronological studies in Mexico have experienced
notable growth since 1999, successfully exploring various
approaches. However, there remains a dominance of
climate variables as the primary factors influencing the
variability in tree ring widths. Other research approaches
in dendrochronology present opportunities for new studies
in other regions of the country, particularly in the south.

Broadleaf species with dendrochronological potential
need to be studied more in-depth, especially those found
in tropical environments, where climatic seasonality is
less pronounced. The vast biodiversity of Mexico’s forest
ecosystems offers an opportunity to expand knowledge in
this area.

Dendrochronology in Mexico has significant potential for
development. Future studies could focus on comparing the
number of studies and species analyzed at an international
level. Tt is essential to broaden both the physical and inte-
llectual boundaries, as well as expand the spatial scope of
dendrochronological research in the country.
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