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Descripcion: Los anillos de crecimiento de los arboles tropicales ofrecen informacion valiosa
sobre sus patrones de crecimiento y las restricciones ambientales que enfrentan. Aunque
historicamente debatida, la presencia de anillos de crecimiento en especies tropicales esta
ahora bien documentada. Sin embargo, la alta diversidad de especies y las complejas
interacciones climaticas representan desafios para su estudio. En Colombia, la investigacion
dendrocronologica se ha expandido progresivamente en diversas regiones geograficas,
proporcionando informacion clave sobre el crecimiento arboreo en distintos ecosistemas
tropicales. No obstante, la region noreste sigue siendo en gran parte inexplorada, y es
necesario evaluar el potencial dendrocronolégico de sus especies arbdreas. En este estudio,
demuestro que aproximadamente el 78 % de las especies analizadas presentan anillos de
crecimiento distinguibles. La visibilidad de los anillos varia seglin la estructura de la madera:
los anillos bien definidos suelen estar asociados con bandas de parénquima marginal y
variaciones en el tamafio de los vasos, mientras que los anillos poco definidos se relacionan
con la estructura de las fibras. El analisis con radiocarbono (**C) confirma la formacion anual
de los anillos en la mayoria de las especies. No obstante, también revela discrepancias en
algunas especies, probablemente debido a la presencia de anillos falsos, anillos ausentes o
variaciones de crecimiento intra-anuales y supra-anuales, fendémenos comunes en arboles
tropicales. Nuestros resultados reafirman que cerca del 80 % de las especies de arboles
tropicales tienen potencial dendrocronoldgico. Estos hallazgos, obtenidos a partir de un
marcado gradiente climatico, abren nuevas oportunidades para la reconstruccion de
condiciones ambientales pasadas, mejorando la comprension de la dindmica de crecimiento
arboreo y proporcionando cronologias valiosas para estudios sobre el cambio climatico en
Colombia. Ademas, esta informacion puede contribuir a la gestion sostenible de los bosques
al proporcionar datos sobre tasas de crecimiento de especies, estrategias de regeneracion
forestal y esfuerzos de conservacion de la biodiversidad.

*Trabajo de grado

**Facultad de Ciencias. Escuela de Biologia. Maestria en Biologia. Director: Bjorn Reu,
doctor en Ciencias Naturales. Codirector: Jorge Andrés Ramirez Correa, doctor en Ciencias
Biolégicas. Codirectora: Corina Buendia Grigoriu, doctora en Ciencias de la Tierra.



Abstract
Title: Dendrochronological potential of 65 trees from the Serrania de Los Yariguies and the
Chicamocha Canyon
Author: Yovanny Duran Barajas**
Key words: Dendrochronology, Colombia, tropics, growth rings, radiocarbon, wood anatomy
Description: Tropical tree rings offer valuable information about tree growth patterns and
their environmental constraints. While historically debated, the presence of growth rings in
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interactions pose challenges for their study. In Colombia, dendrochronological research has
progressively expanded across different geographic regions, uncovering valuable insights into
tree growth in various tropical ecosystems. However, the northeastern region remains largely
unexplored and an evaluation of the dendrochronological potential of its tree species is
needed. Here, I show that approximately 78% of the studied species exhibit distinguishable
growth rings. Ring visibility varies depending on wood structure, with well-defined rings
often associated with marginal parenchyma bands and vessel size variations, while poorly
defined rings correlate with fiber structure. Radiocarbon (**C) dating confirms the annual
formation of growth rings in most species. However, it also reveals discrepancies in some
species, likely due to false rings, missing rings, or intra-annual and supra-annual growth
variations, which are common in tropical trees. Our results reaffirm that nearly 80% of
tropical tree species have dendrochronological potential. These findings, derived from a steep
climatic gradient, provide new opportunities for reconstructing past environmental
conditions, enhancing our understanding of tree growth dynamics and providing valuable
chronologies for climate change studies in Colombia. Additionally, this information can
support sustainable forest management by informing species growth rates, forest regeneration
strategies, and biodiversity conservation efforts.
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Introduction

Patterns in tree ring width, wood density, elemental composition, and other characteristics
that define growth rings serve as natural archives of past climate and form the foundation of
dendrochronology (Worbes, 2004). Growth rings consist of layers of cells from the vascular
cambium that differentiate due to physical constraints and variations in resource availability
over time, typically on an annual basis. These layers generate temporal patterns in tree

growth rates (Kaennel & Schweingruber, 1995; Worbes, 2004; Brienen et al., 2016).

Although dendrochronology in tropical regions dates back over a century (Worbes, 2002),
the presence of annual growth rings in tropical regions was historically questioned
(Lieberman & Lieberman, 1985; Turner, 2004). It was traditionally believed that only
high-latitude regions experience sufficiently strong seasonal variations for trees to form
distinct annual growth rings (Sanchez-Calderon et al., 2022). Even though not all tropical
species form annual rings, some temperate and extratropical species also lack them.
Variations in environmental factors, combined with genetic and endogenous influences,
regulate the development of contrasting tissues in the secondary xylem, leading to different
growth rhythms even among species within the same habitat (Silva et al., 2019). However,
the high diversity of tropical trees presents an additional challenge for dendrochronology,
making it essential to first identify species with dendrochronological potential (Worbes,

2002).

Once the notion that tropical species lack dendrochronological potential was challenged,
numerous studies have demonstrated the presence of tree growth rings in tropical regions,
emphasizing the role of environmental factors. For instance, in hyper-humid forests, growth

rings are influenced by soil moisture, hypoxia, and solar radiation (Giraldo et al., 2023). In



mangrove ecosystems, their formation is associated with precipitation, water salinity, rising
sea levels, and interspecific competition (Menezes et al., 2003; Verheyden et al., 2004; Yu et
al., 2004; Estrada et al., 2008; Ramirez et al., 2010). Meanwhile, in tropical dry forests,
annual ring formation is linked to rainfall seasonality, ENSO events, and soil moisture
(Ramirez & del Valle, 2011; 2012; Briceiio et al., 2016; 2018). However, it still remains an
enigma why most of the studied tropical growth rings are annual considering that the

constraining environmental factors do not necessarily operate at an annual time scale.

Advances in methodologies, such as stable isotopes, gamma radiation, X-ray or
high-frequency densitometry have further expanded the potential of dendrochronology in
tropical regions, enabling its application in fields such as ecology, climatology,
geomorphology, conservation, hydrology, and growth modeling (Giraldo, 2011; Brienen et

al., 2016).

Most dendrochronological studies rely on anatomical criteria to classify growth rings,
particularly using three main structural components: fibers, parenchyma, and pores (Worbes,
2004). The IAWA classification system (1989), that incorporates these three components, is
one of the most widely used and categorizes rings as "distinct," "indistinct or absent."
However, this approach may underestimate the presence of growth rings in tropical species
(Giraldo et al., 2020), contributing to a lack of consensus on ring classification in these
ecosystems (Tarelkin et al., 2016). As a result, researchers have proposed broader
classification criteria that better reflect the diversity and variability of growth rings in tropical
species. This expanded classification includes four categories: (i) highly defined, (ii)
moderately defined, (iii) poorly defined, and (iv) indistinct or absent (Groenendijk et al.,

2014; Tarelkin et al., 2016; Marcelo-Peiia et al., 2020).



Colombia is one of the most biodiverse countries in the world, hosting a wide range of
ecosystems due to its geographical position and topographic complexity (Etter et al., 2017).
This environmental heterogeneity results in a mosaic of microclimates that influence tree
growth and ecological dynamics. However, understanding past climate variability and
ecosystem responses in these diverse landscapes is challenging due to the scarcity of
long-term meteorological records and the limited spatial coverage of weather stations
(Manton et al., 2010). Dendrochronology presents a valuable opportunity to address these
challenges by providing high-resolution, annually resolved records of environmental

variability (Sheppard, 2010; Groenendijk et al., 2025).

Over the past decade, dendrochronological research in Colombia has expanded across
various ecosystems, exploring the influence of environmental factors on tree growth. In
mangrove ecosystems, growth ring formation is primarily affected by water salinity (Ramirez
et al., 2010). In the Amazonian Trapezium, a high percentage of studied species exhibit
visible growth rings, whereas in tropical dry forests, ring formation is closely linked to
rainfall seasonality and ENSO variability (Ramirez & del Valle, 2011; 2012; Rivera, 2013;
Bricefio et al., 2016; 2018). In the humid Choc6 biogeographic region, tree growth rings are
influenced by fluctuations in soil moisture, hypoxia, and solar radiation (Giraldo et al., 2020;
Giraldo et al., 2023). Beyond tree growth dynamics, dendrochronology has also been applied
to reconstruct past hydrological conditions in the Colombian Andes and to assess historical
CO2 concentrations in Medellin (Noriega-Londofo et al., 2022; Vasquez et al., 2022).
Broadening the geographic extent of dendrochronological studies would enhance the
characterization of Colombia’s regional climate dynamics and provide valuable insights into

forest responses to environmental stress, including anthropogenic impacts and climate change
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(Giraldo et al., 2020; Pompa-Garcia & Camarero, 2020; Sanchez-Calderon et al., 2022), thus

expanding ecological knowledge in Colombia.

In Colombia the Andes splits into 3 mountain chains that are part of the tropical Andean
system and are considered a biodiversity hotspot, hosting a rich diversity of flora and fauna
across an area of approximately 280,000 km?, which constitutes 24.52% of the national
territory (Rangel, 1997a, b; Myers et al., 2000; Rodriguez et al., 2006). This region also
experiences high levels of anthropogenic pressure, as it is the center of the country’s
economic activity and home to the majority of Colombia's population (Armenteras et al.,
2011; Rodriguez-Eraso et al., 2013). Within the Eastern Cordillera, the Serrania de los
Yariguies and the Chicamocha Canyon are of particular ecological significance. The Serrania
de los Yariguies harbors some of the most well-preserved forest remnants on the western
slopes of the Eastern Cordillera, playing a critical role in regional water regulation, species
diversification, and agricultural production (Donegan & Huertas, 2005; Donegan et al., 2010;
Moreno & Tinjaca, 2018). Meanwhile, the Chicamocha Canyon is the second biggest Canyon
in the world and therefore has a strong influence on the climate of the department of
Santander. Because of its extreme dryness it is also a site of significant pre-Hispanic and
fossil records still under exploration (Oviedo-Chavez, 2018) and home to unique biodiversity,
including various endemic plant and animal species (Albesiano et al., 2003; Albesiano &
Rangel, 2006; Diaz-Perez et al., 2011; Valencia-Duarte et al., 2012; Collazos-Gonzalez et al.,

2020).

Despite the ecological and climatic significance of the Serrania de los Yariguies and the

Chicamocha Canyon, no dendrochronological studies have been conducted in this region to

evaluate the potential of different species for climate reconstruction. Given the scarcity of
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weather records, such research could provide valuable climate insights and encourage further
ecological studies. Therefore, an initial exploration is needed to evaluate the region's
dendrochronological potential. This study aims to assess the dendrochronological potential of
tree species along a steep climatic gradient from the Serrania de los Yariguies to the
Chicamocha Canyon through anatomical descriptions and the determination of tree ring

formation frequency.

1. Objectives

1.1. Main objective

Evaluate the dendrochronological potential of tree species in the northern sector of the

Serrania de los Yariguies and the Chicamocha Canyon

1.2. Specific objectives

1. Identify dominant and widely distributed tree species in the study area.
2. Describe the wood anatomy and its influence on growth ring formation in the selected
species.

3. Dating of growth rings of species with dendrochronological potential.

2. Materials and methods

2.1. Study area

This study was conducted in the Eastern Cordillera of the Andes in the Department of
Santander, spanning from the Serrania de los Yariguies to the Chicamocha Canyon, where |
sampled species in different localities within a climatic gradient (Figure 1). The higher

humidity of localities in the western slope of the Serrania de los Yariguies (Figure 1A, 1B)
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originates from substantial evapotranspiration of the wetlands of the Magdalena river and
orographic rainfall,cooling of humid air while pushed against the mountain ridge of the
Serrania. The humidity gradient is formed because of this moisture source of the Magdalena
valley on the one hand, and the Chicamocha Canyon on the other. The Canyon acts as a
barrier, because ascending air heats up at its bottom. This upward air flow efficiently limits
moist air passing from west to east (Figure 1C, 1D). The climatic characteristics of the
different localities reflect the influence of this local atmospheric circulation pattern. As a
consequence, el Carmen de Chucuri (Figure 1A) ranging from 300 to 1,000 m.a.s.l., exhibits
high humidity levels, with an annual precipitation of 2,515 mm and an average temperature
of 25.4 °C, experiencing no water limitations throughout the year. Further north, San Vicente
de Chucuri (400-2,600 m.a.s.l.) records lower annual precipitation of 1,844 mm and a mean
temperature of 21.7 °C, with water limitations at the beginning of the year (Figure 1B).
Further east, Zapatoca (1,850-2,495 m.a.s.l.) transitions into a biannual precipitation regime,
showing a dry period from December to February, an annual precipitation of 1,230 mm, and
lower temperatures averaging 19.2 °C (Figure 1C). The Chicamocha Canyon (300-1,400
m.a.s.l.) experiences arid conditions, with low annual precipitation of 785 mm, a mean
temperature of 25.7 °C, and pronounced dry periods within a biannual precipitation regime

(Figure 1D).
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Figure 1. Study area in the Serrania de los Yariguies and the Chicamocha Canyon (upper)

and climatic conditions of the sample sites (bottom). Walter and Lieth Conventions (1967).

2.2. Sampling and sample processing

I identified relatively frequent species across the study area as candidates using regional
species lists (Fajardo-G et al., 2015), vegetation studies (Diaz-Rueda et al., 2025) and field
surveys with local community members and researchers across diverse vegetation
types—namely conserved forest, agroforestry systems, riparian forest, and dry forest—in four
localities that span a broad altitudinal and climatic gradient (Figure 1 A-D). I collected two
to three increment cores (5 mm diameter) from three healthy individuals of each of the
selected species using a Pressler increment borer. Additionally, cross-sectional samples were
collected from naturally fallen or felled individuals when available. A botanical sample was
also collected for taxonomic identification when it was possible and necessary and deposited

in the herbarium of the Industrial University of Santander in Bucaramanga.

The collected stem cross-sections and core samples were air-dried and only the core
samples were subsequently mounted on wooden supports. To enhance wood anatomy
visibility for growth ring identification, the samples were initially sanded using an orbital
sander, followed by progressive sanding with grit sizes ranging from 60 to 1,000. For
macroscopic characterization, the samples were digitized at 2,400 dpi using an Epson HP
5590 scanner. The samples were then analyzed at the Wood Laboratory of Universidad del
Cauca, where histological sections were obtained using a microtome GSL1 (MIKROT L,

Schenkung Dapples), and growth rings were examined at a microscopic level.
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2.3. Wood classification and factor analysis

Growth rings were identified and classified based on their structural characteristics, which
are easily recognizable in the transverse view of the wood, including fibers, parenchyma
cells, and vessels (pores). Since tree species exhibit diverse anatomical features, a single
sample may display multiple structural markers of growth ring formation. The classification
considered three key features: (A) changes in fiber structure, including variations in fiber wall
thickness and radial fiber diameter, (B) the presence of marginal axial parenchyma bands and
differences in parenchyma cell density, and (C) variations in vessel characteristics, such as
differences in vessel diameter, distribution patterns, and the degree of vessel grouping

(Worbes, 2004).

Additionally, the degree of visibility of growth rings was categorized into four levels:
Highly Defined, Moderately Defined, Poorly Defined, or Indistinct/Absent, following the
recommendations of Marcelo-Pefia et al. (2020) for tropical tree species. Highly defined rings
have clear, easily distinguishable boundaries, while moderately and poorly defined rings
show progressively weaker distinctions. In some cases, growth rings are indistinct or absent,

making their identification more challenging.

A Factor Analysis for Mixed Data (FAMD) was conducted to investigate the relationships
between wood anatomical traits and growth ring visibility levels (Audigier et al., 2016). This
analysis incorporated a set of variables (Table 1) defined by the International Association of
Wood Anatomists (IAWA), describing variations in each anatomical structure using the
abbreviations established by Tarelkin et al. (2016). These traits were converted into binary
values, where 1 indicated the presence of a given characteristic in the species and 0 indicated

its absence. This approach enabled the simultaneous evaluation of both quantitative and
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qualitative data, facilitating the identification of key interactions between specific anatomical

features and growth ring classification.

Table 1. Detailed anatomical features of growth-ring boundaries.

Abbreviation Feature
AC FW Abrupt change in fibre wall thickness
GC FD Gradual change in radial fibre diameter
GC VD Gradual change in vessel diameter
VDV Vessel density variation
MP Marginal parenchyma present
PDV Parenchyma bands density variation
DR Distended rays

2.4. Tree rings frequency validation

To validate the frequency of growth rings, "“C concentrations were measured in the rings
of 12 different species with highly and moderately defined rings. For each sample, 50 mg of
wood was extracted from three different growth rings. Calendar years were assigned by
counting backward from the outermost ring (bark) toward the center, with cross-dating
performed by matching tree growth patterns of the same tree and different individuals when a
sufficient number of samples were available. I extracted alpha-cellulose following the
methodology of Steinhof et al. (2017). *C analysis utilizes the increase in radiocarbon
concentration in alpha-cellulose of wood as an effect of nuclear bomb testing (Hua et al.,
2000). The resulting *C measurements were used in the CaliBomb application (Reimer et al.,

2004) with the Northern Hemisphere Zone 2 calibration curve to obtain calendar years and
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establish the frequency of growth rings in the studied species. The radiocarbon analysis was
conducted at the Max Planck Institute for Biogeochemistry in Jena, Germany, which has

successfully supported various dendrochronological studies (Vasquez et al., 2022; Giraldo et

al., 2020; 2023).

3. Results

3.1. Anatomical tree ring description

In this study, I examined the wood anatomy of 65 tree species from the Serrania de los
Yariguies and the Chicamocha Canyon (Table 2). These species belong to 31 different
families with Fabaceae representing 11 species, Lauraceae 7 species, Clusiaceae 5 species,
Burseraceae 5 species, and Meliaceae 3 species. The studied species exhibit varying degrees
of growth ring visibility (Figure 2). Using macroscopic visualization (Figure 3) alongside
microtome thin sections (Figure 4), I determined that 24 species displayed highly defined
growth rings, 26 species exhibited moderately defined growth rings, and 15 species presented

poorly defined growth rings (Figure 5).

Table 2. Tree ring anatomy of sampled species: HD= highly distinct; MD = moderately
distinct; PD = poorly distinct; A= changes in fiber wall thickness or radial fiber diameter; B=
the presence of marginal axial parenchyma bands and variations in parenchymal density; C=
differences in vessel diameter, distribution, and grouping; BD= Banded; PC= Paratracheal
confluent; M=  Marginal; AD=  Apotracheal diffuse; ADA=  Apotracheal
diffuse-in-aggregates; SM= Solitary and multiples; S= Solitary; DP= Diffuse-porous; SRP=

Semi-ring-porous.

Type
. . of Visibili Wood Parenchym Vessels  Vessels . Type of
Family Species anato anatom arrangem Previously reported
sampl ty my a anatomy v ent study

€

18



Anacardiac
eae

Annonacea
e

Burseracea
e

Bignoniace
ae

Boraginace
ae

Burseracea
e

Burseracea
e

Burseracea
e

Burseracea
e

Caryocarac
eae

Clusiaceae

Astronium
graveolens
Jacq.

Guatteria
amplifolia
Triana &
Planch

Bursera
simaruba
(L.) Sarg.

Handroanth
us
chrysanthus
(Jacq.)
S.0.Grose

Cordia
alliodora
(Ruiz &
Pav.) Oken

Protium cf
cundinamar
censis
Cuatrec

Protium sp.
Burm.f.

Protium
stevensonii
(Standl.)
Daly

Trattinnicki
a aspera
(Standl.)

Swart

Caryocar
amygdalifer
um Mutis

Clusia cf.
dixonii
Little

Cross
sectio
n

Core

Core

Core

Core

Cross
sectio
n

Cross
sectio
n

Core

Core

Core

Cross
sectio
n

MD

HD

HD

HD

HD

PD

PD

PD

PD

PD

MD

A,C  AD
B BD
A, C M
B,C PC
B,C M
A AD
A AD
A AD
A AD
A AD
A, C  AD

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

Enquist and Leffler,
2001; Lisi et al., 2008;
Santos et al., 2011;
Ledn, 2014

SRP

DP -

Enquist and Leffler,
SRP 2001; Leon, 2012;
Leodn, 2012

Leodn, 2014,
Marcelo-Pefia et al,
SRP 2020; Pefia-Moreno et
al., 2022; Betancourt
and Pucha, 2024

Tschinkel 1966; Devall
et al, 1995; Brienen et
al., 2009; Worbes and
Raschke, 2012; Leon,

2014; Bossu, 2015;

SRP Bricefio-J et al., 2016;
Mamani, 2018,;
Marcelo-Pefia et al,
2020; Cahuana et al.,
2021

DP -

DP -

DP -

DP -

DP -

SRP -

Wood
descrip
tion;
Dendro
chrono

logy

Wood
descrip
tion;
Dendro
chrono
logy

Wood
descrip
tion;
Dendro
chrono

logy

Wood
descrip
tion;
Dendro
chrono

logy

19



Clusia
schomburgk
iana
Clusiaceae (Planch. &
Triana)
Benth. ex
Engl.

Clusia cf.
Clusiaceae  multiflora
Kunth

Chrysochla
mys sp.
Poepp. &
Endl.

Arawakia
Clusiaceae oblanceolat
a (Rusby)

L.Marinho

Clusiaceae

Sloanea
tuerckheimi
i Donn.Sm.

Elaeocarpa
ceae

Conceveiba
pleiostemon
a Donn.Sm.

Euphorbiac
eae

Tetrorchidi
Euphorbiac um

eae andinum
Miill. Arg.

Albizia

niopoides

Fabaceae (Spruce ex
Benth.)
Burkart

Inga sp.

Fabaceae Mill.

Neltuma
Fabaceae  juliflora
(Sw.) Raf.

Trigonobal
anus
excelsa
Lozano,
Hern.Cam.
& Henao

Fagaceae

Pterocarpu
Fabaceae s rohrii
Vahl

Cross
sectio
n

Cross
sectio
n

Core

Core

Core

Core

Core

Cross
sectio
n

Cross
sectio

Cross
sectio
n

Core

Core

MD

MD

MD

MD

MD

MD

PD

MD

MD

HD

PD

HD

A, C

A, C

A C

A, C

A, B

A, B

A, B

B,C

B,C

AD

AD

AD

AD

AD

PC

BD

BD

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SRP -
SRP -
SRP -
SRP -
DP -
Hayden and Hayden,
bP 2000
DP -
DP Giraldo and del Valle,
2012; Leon, 2014
SRP -
Leavitt and Lone, 1991;
Beramendi-Orosco et
SRP al., 2013; Ledn, 2014,
Nogueira et al., 2019
SRP Mennega, 1980;
DP Brienen et al., 2009;

Costaetal., 2015

Wood
descrip
tion

Wood
descrip
tion;
Dendro
chrono

logy

Wood
descrip
tion;
Dendro
chrono

logy

Wood
descrip
tion

Wood
descrip
tion;
Dendro
chrono

logy

20



Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fagaceae

Hypericace
ae

Juglandace

ac

Juglandace
ae

Lamiaceae

Lauraceae

Lauraceae

Lauraceae

Diplotropis
purpurea
(Rich.)
Amshoff

Inga edulis
Mart.

Schizolobiu
m parahyba
(Vell.)
S.F.Blake

Pseudosam
anea
carbonaria
(Britton)
E.J.M.Koen
en

Lonchocarp
us sp.
Kunth

Macrolobiu
m sp.
Schreb.

Quercus
humboldtii
Bonpl.
Vismia
baccifera
(L.) Triana
& Planch.

Alfaroa
williamsii
Ant.Molina
Oreomunne
a
munchique
nsis Lozano
&
F.Gonzalez

Vitex
compressa
Turcz.

Nectandra
cf laurel
Klotzsch ex
Nees

Lauraceae
sp2

Lauraceae
spl

Cross
sectio
n
Cross

sectio
n

Core

Core

Core

Core

Core

Core

Cross
sectio
n

Cross
sectio

Core

Cross
sectio
n

Cross
sectio
n

Core

MD

MD

MD

PD

HD

HD

MD

HD

HD

MD

MD

HD

HD

MD

B,C

B, C

B,C

B,C

B,C

B,C

PC

PC

AD

AD

BD

BD

BD

AD

AD

AD

AD

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

Alves and

Wood
Angyalossy-Alfonso, )
SRP 5000: Leon, 2014: diiscfllp
Soares et al., 2014 °
SRP Baretta-Kuipers, 1973; dqud
Shimamoto et al., 2016 escrp
tion
Wood
descrip
SRP Brienen et al., 2009; tion;
Costa et al., 2015 Dendro
chrono
logy
DP - -
DP - -
DP - -
SRP - -
SRP - -
SRP - -
SRP - -
SRP - -
SRP - -
SRP - -
SRP - -

21



Lauraceae

Lauraceae

Lauraceae

Lauraceae

Lecythidac
eae

Magnoliace
ae

Magnoliace
ae

Malpighiac
eae

Malvaceae

Melastomat

aceac

Melastomat
aceae

Meliaceae

cf. Aniba
sp. Aubl.

Licaria
cannella
(Meisn.)
Kosterm.

Caryodaph
nopsis
carmensis

Airy Shaw

Caryodaph
nopsis
cogolloi
van der
Werff

Lecythis
mesophylla
S.A.Mori
Magnolia
spl
Magnolia
sp2
Byrsonima

crispa
A.Juss.

Ceiba
pentandra

(L.) Gaertn.

Miconia
prasina
(Sw.) DC.

Miconia sp.
Ruiz & Pav.

Carapa
cedrotagua
Londofio-E

ch., AM.
Trujillo &
Jiménez-M
ont.

Core

Core

Cross
sectio
n

Cross
sectio

Core

Core

Core

Core

Core

Cross
sectio
n

Cross
sectio
n

Cross
sectio
n

HD

PD

MD

MD

HD

HD

HD

PD

HD

MD

HD

PD

B,C

B, C

B,C

AD

BD

AD

ADA

AD

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

SM

DP

SRP

SRP

SRP

DP

DP

DP

SRP

DP

DP

SRP

SRP

Alves and
Angyalossy-Alfonso,
2000; Reis-Avila y
Oliveira, 2017

Aparecido et al., 2019

Heyden, 2008; Leon,
2014; Nordahlia et al.,
2016; Marcelo-Pena et

al., 2020

Wood
descrip
tion

Wood
descrip
tion

Wood

descrip
tion

22



. Cedrela

Meliaceae odorata L.
. Cedrela

Meliaceae fissilis Vell.

Metteniusa Metteniusa
ceae sp. H.Karst.

Ficus
americana
subsp.

greiffiana
Aubl.

Moraceae

Ficus
crocata
(Miq.)
Mart. ex
Migq.

Moraceae

Maclura
tinctoria
(L.) D.Don
ex Steud.

Moraceae

Compsoneu
Myristicace  ra atopa
ae (A.C.Sm.)
A.C.Sm.

Myrsine
pellucida
(Ruiz &
Pav.)
Spreng.
cf Myrcia
DC. ex
Guill.

Myrsinacea
e

Myrtaceae

Core

Cross
sectio

Core

Cross
sectio
n

Core

Core

Core

Core

Cross
sectio
n

HD

HD

PD

MD

MD

HD

MD

PD

MD

B M
B M
A AD

B,C  BD

B,C  BD
B M
B M
A AD

B,C  BD

SM

SM

SM

SM

SM

SM

SM

SM

DP

DP

DP

SRP

SRP

SRP

DP

DP

SRP

Worbes, 1999; Alves
and
Angyalossy-Alfonso,
2000; Diinisch et al.,
2003; Roigetal.,
2005; Brienen and
Zuidema, 2005;
Boninsegna et al.,
2009; Lobao, 2011;
Schipper, 2011;
Beltran-Gutiérrez and
Valencia-Ramos, 2013;
Leon, 2013; Pereyra et
al., 2014; Mendivelso

et al, 2016; Inga and del

Valle, 2017; Lisi et al.,

2020; Alves-Ferrerira et

al.,, 2021

Paredes-Villanueva et
al., 2016; Pereira et al.,
2018; Rodriguez et al.,

2023; Fontana et al.,
2024

Sato, 2011

Ledn, 2014,
Pucha-Cofrep et al.,
2015; Lanzarin, 2016;
Marcelo-Pefia et al.,

2020; Garcia-Cervigon

et al., 2020; Bauer et
al., 2021

Wood
descrip
tion;
Dendro
chrono

logy

tion;
Dendro
chrono

logy

Wood
descrip
tion

Wood
descrip
tion;
Dendro
chrono

logy

23



Minguartia

Olacaceae guianensis

Aubl.

Phyllanthac Hieronyma
eae sp. Alleméo
Triplaris sp

Polyi(e)nace Loefl. ex

L.

Ladenbergi

Rubiaceae  a undata
Klotzsch

Elaeagia

Rubiaceae pastoensis
L.E.Mora
Billia rosea

. (Planch. &

Sapmedacea Linden)
C.Ulloa &

P.M.Jorg.

Sapindacea Cup ania
americana

© L

Core

Core

Core

Cross

sectio

Core

Core

Core

PD

MD

HD

MD

PD

HD

HD

B,C

B,C

B, C

AD

AD

BD

AD

BD

SM

SM

SM

SM

SM

SM

DP

DP

SRP

SRP

SRP

DP

SRP

Fichtler et al., 2003;
Giraldo et al., 2020

Wood
descrip
tion

24



Fabaceae
Lauraceae
Clusiaceae
Burseraceae
Meliaceae
Sapindaceae
Rubiaceae
Moraceae
Melastomataceae
Magnoliaceae
Juglandaceae
Fagaceae
Euphorbiaceae
Polygonaceae
Phyllanthaceae
Olacaceae
Myrtaceae
Myrsinaceae
Myristicaceae
Metteniusaceae
Malvaceae
Malpighiaceae
Lecythidaceae
Lamiaceae
Hypericaceae
Elaeocarpaceae
Caryocaraceae
Boraginaceae
Bignoniaceae
Annonaceae
Anacardiaceae

Family
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Figure 2. Number of species per family and growth ring visibility.
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DENDROCHRONOLOGICAL POTENTIAL IN NORTHEAST COLOMBIA

Figure 3. Images of tree rings visibility of selected species at macroscopic level. Highly
defined: (A) Nectandra cf laurel, (B) Maclura tinctoria, (C) Alfaroa williamsii and (D) Billia
rosea. Moderately defined: (E) Astronium graveolens. (F) Albizia niopoides, (G) Clusia cf
multiflora and (H) Quercus humboldtii. Poorly defined growth rings: (I) Carapa cedrotagua,

(J) Protium cf cundinamarcensis, (K) Protium sp and (L) Trigonobalanus excelsa.
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i,

o B

Figure 4. Images of tree ring boundaries of different species at microscopic level. A:

boundary layer delimited by marginal parenchyma (e.g. Billia rosea). B: variations in
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parenchymal density (e.g. Ficus crocata). C: marginal parenchyma and differences in vessel
distribution (e.g. Handroanthus chrysanthus). D: changes in fiber wall thickness and
differences in vessel diameter (e.g. Quercus humboldtii). E: changes in fiber wall thickness

(e.g. Pterocarpus rohrii). F: poorly defined tree rings (e.g. Carapa cedrotagua).

Moderately defined 30.8% 231% 30.8% 11.5% 38%
Wood anatomy
2 A
= . , : A B
Kel Highly defined 33.3% 50% 125% 42% AC
L] )
> B
B,C
c
Poorly defined 133%6.7% 267% 53.3%
0 10 20

Number of species

Figure 5. Number of species at each visibility level and their wood anatomy.

Regarding parenchyma types, diffuse apotracheal parenchyma was the most prevalent,
found in 26 species, followed by marginal parenchyma (22 species) and banded parenchyma
(12 species). Confluent apotracheal parenchyma and aggregated diffuse apotracheal

parenchyma were less common, occurring in only 4 and 1 species, respectively.

In terms of vessel anatomy and distribution, the vast majority of species (61 species)
exhibited vessels occurring both solitarily and in multiples. A diffuse porous arrangement
was observed in 28 species, while 37 species displayed semi-ring porous growth rings (Figure
6). Moreover, a higher distribution of species with semi-ring porous rings was noted in the
localities of Zapatoca and Capitanejo, which are characterized by drier climate (compare Fig

1.) compared to El Carmen and San Vicente de Chucuri (Figure 6).

28



DENDROCHRONOLOGICAL POTENTIAL IN NORTHEAST COLOMBIA
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Figure 6. Distribution of pore arrangement across species along a humidity gradient in
different locations: DECC: Dry enclave of the Chicamocha Canyon (D, Fig. 1); ZP: Zapatoca
(C, Fig. 1); SV: San Vicente de Chucuri (B, Fig. 1) and EC: El Carmen de Chucuri (A, Fig.

1). Humidity of the localities increases from left to right.

3.2. Anatomical Traits Shaping Growth Ring Visibility

The results of the FAMD reveal that the first two principal axes accounted for
approximately 43% of the total variation of anatomical structure across species (Figure 7).
Species exhibiting highly and moderately defined growth rings tend to cluster together,
driven primarily by traits related to axial parenchyma and variations in pore size. These
findings suggest that these anatomical characteristics play a central role in the formation of
clearly delineated growth rings. In contrast, species with poorly defined rings were mainly
characterized by fiber-related traits. Additionally, some species with moderately defined rings
occupied intermediate positions in the multivariate space, displaying a blend of features

common to both highly defined and poorly defined groups.
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Figure 7. Factor Analysis of Mixed Data (FAMD) on growth ring visibility and the structures
that define growth rings. AC_FW: Abrupt change in fibre wall thickness; GC_FD: Gradual
change in radial fibre diameter; GC_VD: Gradual change in vessel diameter; VDV: Vessel
density variation; MP: Marginal parenchyma present; PDV: Parenchyma bands density

variation.

3.3. Validation of Annual Growth Rings Using '“C Dating

Radiocarbon (**C) dating confirmed the annual formation of growth rings in several
species (Figure 8). A total of 12 species were dated, resulting in 30 samples corresponding to
three distinct growth rings, except for Cedrela odorata, Ceiba pentandra, and Cupania
americana, where only two rings were analyzed. For species such as Maclura tinctoria,

Cedrela odorata, Ceiba pentandra, and Cupania americana, the ages obtained from 'C
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dating were consistent with those estimated by backwards ring counting under the assumption
of annual ring formation. However, in species such as Inga edulis, Astronium graveolens and
Oreomunnea munchiquensis, agreement between the two methods was observed for some
rings only, with discrepancies of 1 to 3 years in others (appendix 1), possibly due to the
inadvertent inclusion of wood material from adjacent rings. Moreover, species such as
Alfaroa williamsii and Neltuma juliflora exhibited substantial differences between the ages
estimated by ring counting and those determined by radiocarbon dating, with discrepancies
ranging from 30 to 40 years. These results suggest that the growth rings in these species may

not form annually.

Radiocarbon dating of all Albizia niopoides samples, as well as some rings from Alfaroa
williamsii, Quercus humboldtii, and Nectandra cf laurel, yielded dates ranging from 1954 to
as early as 1910 due to low “C concentrations. This suggests that some rings may correspond
to periods predating 1956 but were miscounted and erroneously assigned to post-1956 dates.
Additionally, two rings of Quercus humboldtii exhibited '*C-derived ages approximately
twice those estimated through ring counting, indicating the possibility that a single growth

ring may have formed over a period longer than one year.
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Figure 8. Correspondence between dendrochronological date and radiocarbon (**C) results

for 12 species.

4. Discussion

The anatomical examination of 65 tree species distributed along a climatic gradient from
the forests of the Serrania de Los Yariguies to the Chicamocha Dry Canyon confirmed that all
species develop growth rings, though with varying degrees of visibility. This variability in
growth ring visibility is primarily driven by differences in wood structure, including fiber
arrangement, parenchyma distribution, and vessel organization. Species with highly defined
growth rings were often associated with distinct anatomical markers, such as marginal
parenchyma bands and variations in vessel size, whereas poorly defined rings were linked to
more diffuse anatomical features in fiber cells. I validate the periodicity of ring formation
performing radiocarbon (**C) dating, confirming the annual nature of growth rings in the
majority of the species. However, discrepancies in age estimations between ring counts and
radiocarbon dating in certain species suggest the influence of factors such as false rings,

missing rings, or intra-annual growth variations which has been frequently reported for
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tropical species (Silva et al., 2019). In the following I will discuss how these factor might

affect our results:

4.1. Tree rings distinction

The anatomical analysis of growth rings reveals that 78% of the species exhibit
distinguishable rings. Although many dendrochronological investigations have traditionally
focused on well-documented species in different ecosystems, our results—and those of other
studies in the tropics—demonstrate that dendrochronological studies can be extended to all
parts of the tropics (Fichtler et al. 2003). This is attributable not only to the presence of a few
extensively studied species but also to the substantial proportion of tropical taxa that

inherently possess dendrochronological potential based on their anatomical features.

Expanding dendrochronological studies into our research area introduces a new
geographic and climatic region with unique characteristics that call for further exploration.
Establishing an initial assessment of the area's dendrochronological potential is essential to
complement existing studies across the tropics, particularly in Colombia. However,
evaluating dendrochronological potential in diverse tropical regions with varying climatic
conditions presents challenges, and even contrasting conclusions may arise in similar
environments. Recent findings by Giraldo et al. (2020; 2023) in the highly diverse and humid
Choco region revealed that approximately 82% of 81 species exhibited growth rings with
varying degrees of visibility. Similarly, in regions with high vascular plant diversity such as
Brazil, numerous species with discernible rings have been documented (Alves and
Angyalossy-Alfonso 2000; Schongart et al., 2011; de Arruda et al., 2017). In the Colombian
Amazon, Rivera (2013) reported that about 87% of the species studied possessed easily

distinguishable rings, while Marcelo-Pefia et al. (2020) found that 53% of 183 species in
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Peruvian forests displayed clearly to moderately defined rings. Studies conducted in Costa
Rica (Fichtler et al. 2003; Worbes and Raschke, 2012), Venezuela (Worbes 1999), India (Nath
et al. 2016), and a deciduous dry forest in Mexico (Ramirez-Martinez et al. 2017) further
illustrate the variability in ring visibility across tropical regions, with proportions ranging
from 50% to 100%. Conversely, some investigations have reported a lower proportion of
species with distinct growth rings in the same tropical regions in certain tropical areas
previously mentioned (Tomazello-Filho et al. 2004; Roig et al. 2005; Brienen et al. 2009;
Beltran-Gutiérrez and Valencia-Ramos, 2013; Tarelkin et al. 2016). Indeed, Giraldo et al.
(2020) highlighted that ring visibility can vary dramatically—from as low as 3% to as high as

100%—across 60 pantropical study sites with differing degrees of seasonality.

These findings wunderscore the subjective nature of defining a species’
dendrochronological potential, which can be influenced by the visual criteria and
identification scales (macroscopic versus microscopic) employed by researchers (IAWA,
1989; Nath et al., 2016). Moreover, the reliance on somewhat vague IAWA definitions for
visibility in the early years may lead to an underestimation of tropical species with visible
rings (Tarelkin et al. 2016), whereas adopting broader classifications of ring visibility could

enhance the accuracy of growth ring assessments in the tropics (Marcelo-Pefia et al., 2020).

4.2. Taxonomy and species

This study successfully describes the wood anatomy of 65 tree species for northeast
Colombia where dendrochronology has been scarcely explored. This is approximately half of
the families and around 30% of the identified species recorded for the municipalities of the
northern part of the Serrania de los Yariguies (Diaz-Rueda et al., 2025). Among these

families, Fabaceae, Lauraceae, Clusiaceae, and Burseraceae are the ecologically most
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important (Diaz-Rueda et al., 2025). Notably, the diversity and abundance of Lauraceae
family in the study area provides an opportunity for the representativity of species with
dendrochronological potential, as this family is known to include species with highly defined,

annual, and climate-sensitive growth rings (Reis-Avila and Oliveira, 2017).

Of the 65 species analyzed, 51 are identified at the species level. Among these, 32 species
are reported and its wood anatomy is described for the first time, suggesting that at least half
of the species had not been previously explored in dendrochronological works. In contrast, at
least 19 species have been previously studied and described in studies related to wood
anatomy or dendrochronological applications (Table 2). Certain species, such as Cordia
alliodora (Tschinkel, 1966; Devall et al., 1995; Brienen et al., 2009; Worbes & Raschke,
2012; Leon, 2014; Bossu, 2015; Bricefio-J et al., 2016; Mamani, 2019; Marcelo-Pefia et al.,
2020; Cahuana et al., 2021) and Cedrela odorata (Worbes, 1999; Alves &
Angyalossy-Alfonso 2000; Diinisch et al., 2003; Roig et al., 2005; Brienen & Zuidema, 2005;
Boninsegna et al., 2009; Lobao, 2011; Schipper, 2011; Beltran-Gutiérrez & Valencia-Ramos,
2013; Leon, 2013; Pereyra et al., 2014; Mendivelso et al., 2016; Inga and del Valle, 2017;
Lisi et al., 2020; Alves-Ferrerira et al., 2021), have been disproportionately represented in the
literature. This trend is likely attributable to the distinctiveness and annuality of their tree
rings, as well as their wide distribution, making them particularly valuable for

dendrochronological research.

While several species previously reported in other studies exhibit similar anatomical
characteristics and ring visibility—such as 7Trigonobalanus excelsa (Mennega, 1980),
Diplotropis purpurea (Alves & Angyalossy-Alfonso, 2000; Ledn, 2014; Soares et al., 2014),

Licaria cannella (Alves and Angyalossy-Alfonso, 2000; Reis-Avila and Oliveira, 2017),
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Minquartia guianensis (Fichtler et al., 2003; Giraldo et al., 2020), Astronium graveolens
(Enquist and Leffler, 2001; Lisi et al., 2008; Santos et al., 2011; Ledn, 2014), and Bursera
simaruba (Enquist and Leffler, 2001; Leo6n, 2012; Leoén, 2014)—this study presents
significant discrepancies in ring visibility compared to previous works for species such as
Handroanthus chrysanthus (Leon, 2014; Marcelo-Pefia et al., 2020). While earlier studies
describe these species as having poorly defined rings, our findings indicate highly defined
rings, making them suitable for dendrochronological studies (Pefia-Moreno et al., 2022;
Betancourt and Pucha, 2024). While our dating results confirmed the annual nature of
Maclura tinctoria and different studies have employed this specie en dendrochronological
applications (Pucha-Cofrep et al., 2015; Lanzarin, 2016; Garcia-Cervigon et al., 2020; Bauer
et al., 2021), some descriptions described their growth rings as indistinct (Ledn, 2014;
Marcelo-Pena et al., 2020). Additional differences in ring visibility and pore arrangement are
observed in species such as Ceiba pentandra (Heyden, 2008; Ledn, 2014; Nordahlia et al.,
2016; Marcelo-Pefia et al., 2020), Inga edulis (Baretta-Kuipers, 1973; Shimamoto et al.,
2016), Ficus americana (Sato, 2011), and Byrsonima crispa (Aparecido et al., 2019), which

may be attributed to climatic constraints influencing their growth.

4.3. Structural tree ring diversity

I observed considerable diversity in the structural patterns of growth ring structure among
the studied species, which play a critical role in determining the visibility of these rings. The
variation in ring definition and structure may stem from taxonomic and phytogeographic
factors, with boreal-origin species often exhibiting distinctly defined rings (Rodriguez
&Morales, 2005); however, this hypothesis remains unconfirmed (Nath et al., 2016; Giraldo
et al., 2020). Although our data do not reveal a clear relationship among anatomical structure,

ring visibility, and taxonomic affiliation, previous studies have noted distinctions at the
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family and genus levels (Nath et al., 2016; Marcelo-Pefia et al., 2020). It is also possible that

these variations represent species-specific behaviour (Detienne, 1989).

The structural patterns of fibers, parenchyma, and vessels—which together define the
visibility of growth rings—typically occur in combination across most species. In many
cases, a fiber pattern is accompanied by a corresponding vessel pattern, or a distinct
parenchyma pattern co-occurs with vessel characteristics. This degree of anatomical
variability, characterized by diverse combinations of parenchyma, fibers, and vessels,
suggests the existence of multiple adaptive functional strategies within the arboreal
communities of the Serrania de los Yariguies and the Chicamocha Canyon. Notably, the
presence and variation of parenchyma are primarily associated with the clear demarcation of
growth rings and serve as a potential marker delineating the cessation of growth caused by
climatic constraints—a feature frequently observed in the growth rings of various tropical
species (Baas, 1983; Ledn and Espinoza, 2001; Brienen and Zuidema, 2005; Roig et al.,
2005; Lisi et al., 2008; Rivera, 2013; Tarelkin et al., 2016). Given that parenchyma functions
are mainly related to mechanical support, conduction, and storage (Esteban et al., 2024), it
may indicate the transition between growth periods in response to exogenous or endogenous
factors (Tomlinson and Longman; Nath et al., 2016) and thus serve as an annual marker for

ring determination and counting.

Although fibers have been recognized as a predominant anatomical marker of growth
rings 1in various tropical species (Aguilar-Rodriguez and Barajas-Morales, 2005;
Beltran-Gutiérrez and Valencia-Ramos, 2012; Reis-Avila and Moreno et al., 2017;

Marcelo-Pena et al., 2020), our findings indicate that fiber patterns were not sufficiently
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distinct to aid in ring identification; they were mainly associated with species exhibiting a

high degree of ring indistinctness.

Furthermore, variations in the grouping and size of vessels emerged as key characteristics
influencing ring visibility determining species with highly or moderately defined rings.
Although tropical forest species generally display a predominance of diffuse
porosity—especially in humid regions (Aguilar-Rodriguez and Barajas-Morales, 2005; Roig
et al.,, 2005; Beltran-Gutiérrez and Valencia-Ramos, 2013; Rivera, 2013; Esteban et al.,
2024)—our observations reveal that the distribution of species with diffuse versus semi-ring
porosity differed among the sampled localities. More humid areas, such as El Carmen de
Chucuri and San Vicente de Chucuri, were primarily composed of species with diffuse porous
rings, whereas Zapatoca—Ilocated in the same mountainous region but under drier
conditions—and the predominantly arid Chicamocha Canyon exhibited a higher prevalence

of species with semi-ring diffuse porosity.

The occurrence of vessel grouping, particularly diffuse versus semi-ring porosity, has
been associated with seasonal environments, particularly at higher latitudes and in regions
with pronounced seasonality, potentially serving as a strategy to enhance hydraulic safety
(Zimmermann, 1983). In this context, studies have documented that, in dry environments,
vessels tend to group (Carlquist, 1966; Bissing, 1982; Carlquist and Hoekman, 1985;
Barajas-Morales, 1985; Fahn et al., 1986; Lindorf, 1994), while in highly humid conditions,
vessel grouping is less common. Nonetheless, inverse relationships have also been reported in
arid and humid zones (Baas et al., 1988; Xinying and Baas, 1988; Baas and Schweingruber,
1987), underscoring the complexity of these patterns. The remarkable functional plasticity of

xylem is further evidenced by the ability of some species to modify the type of ring porosity
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in response to environmental conditions (Chowdhury, 1953; Carlquist, 1988). In this regard,
water transport efficiency in “earlywood” is associated with the presence of large-diameter,
short-length vessels, which facilitate rapid water conduction. In contrast, “latewood” 1is
characterized by smaller-diameter, longer vessels, which help prevent embolisms during
drought periods, reflecting key adaptation strategies to seasonal water availability

(Lopez-Ayala et al., 2006; Ledén & Espinoza, 2001; Nath et al., 2016).

4.4. Annual Growth patterns

I used radiocarbon analysis in combination with dendrochronological techniques, such as
cross-dating, to confirm the annual periodicity of the studied species (Speer, 2010; Santos et
al., 2020). For most species, there was a strong agreement between the estimated growth ring
years and the calendar years obtained through radiocarbon dating, with differences of only
one or two years in some cases. These minor discrepancies may be influenced by the
presence of false rings or the loss of rings in specific years. However, the selection of the
calibration curve for the bomb-spike period can introduce additional variability, as
atmospheric calibration data and growth rings are not evenly distributed, with most
calibration data derived from regions outside the tropics (Hua et al., 2022). Despite this, the
radiocarbon method provides good resolution from 1955 onward (Hua and Barbetti, 2004;

Hua, 2009) and agreement with age estimation of ring counting of 12 selected species.

The presence of a higher frequency of rings that are difficult to identify in species such as
Quercus humboldtii, Neltuma juliflora, Alfaroa williamsii and Albizia niopoides introduced
uncertainties regarding the annual periodicity of their rings. This limitation challenges the
reliability of cross-dating and reduces the suitability of these species for classical

dendrochronological studies, however, this should not be a reason to exclude these species
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from dendro-ecological studies, as they can provide valuable insights into non-annual growth
rhythms in the tropics (Silva et al., 2019). Our results indicate that Neltuma juliflora does not
develop annual growth rings in our study area, despite previous reports of annual ring
formation in tropical studies (Leavitt & Lone, 1991; Beramendi-Orosco et al., 2013;
Nogueira et al., 2019) and that Quercus humboldtii may form supra-annual rings, an
uncommon growth pattern characterized by the development of a single ring over multiple
years (Silva et al., 2019). And, although I aimed to select samples from rings formed after the
bomb period, the possible presence of missing rings could have led to sampling of rings
formed before the 1950s resulting in F'“C values below 1. This means that radiocarbon
dating using the IntCal20 calibration curve (Reimer et al., 2020) is problematic due to
fluctuations in C levels. Specifically, between 1900 and 1950, “C values exhibit minimal
variation, resulting in wide age ranges and increased uncertainty in the estimated calendar

years (Hua, 2009).

5. Conclusions

Our results reaffirm that in the tropics, close to 80% of tree species have potential for
dendrochronological studies. The anatomical description of the 65 species presented here
reveals a high diversity of anatomical patterns defining annually formed growth rings. We
highlight species such as Maclura tinctoria, Cedrela odorata, Ceiba pentandra, Cupania
americana, Oreomunnea munchiquensis, and Inga edulis, which exhibit highly defined
growth rings and annual periodicity, making them strong candidates for future
dendrochronological studies. However, this does not exclude non-annual species, as they can
also provide valuable insights into tree growth dynamics in tropical ecosystems. These
findings, obtained from a steep climatic gradient, offer new opportunities to reconstruct past

environmental conditions, enhance our understanding of tree growth dynamics in tropical
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ecosystems, and can generate valuable data (e.g., chronologies) for climate change studies
(Groenendijk et al., 2025). This is especially relevant for the Colombian Andes, a region
experiencing continuous change and facing critical challenges related to climate change, as
well as the management of protected and agricultural areas. Furthermore, this information
could be locally valuable for supporting and guiding sustainable forest management
programs, for example, by establishing species growth rates for e.g. regeneration of forest

ecosystems and projects for biodiversity conservation.
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Appendices

Appendix 1. Age determination of 12 species using “C measurements. Calendar years were

calculated with the CaliBomb software (Reimer et al., 2004) using the Northern Hemisphere

Zone 2 calibration curve. F14C: modern fraction of "“C (Postbomb); err (%): error

percentage.
Radiocarbo
Sample Dendrochronolog
Family Species F14C err (%o) n calendar
code ical year
year
Anl 1956 0.9887 2.8 1954
Anacardiacea Albizia
An2 1966 09771 2.8 1937
e niopoides
An3 1972 09649 2.7 1949
Awl 2001 1.0051 4.2 1954
Alfaroa
Juglandaceae Aw?2 2005 0.9800 2.6 1946
williamsii
Aw3 2007 0.9942 35 1954
Agl 1956 1.0020 2.7 1955
Anacardiacea  Astronium
Ag2 1970 1.6013 3.7 1967
e graveolens
Ag3 1981 1.2692 33 1981
Cedrela Col 2011 1.0497 2.7 2011
Meliaceae
odorata Co2 2008 1.0493 3 2008
Ceiba Cpl 2008 1.0508 2.8 2008
Malvaceae
pentandra Cp2 2006 1.0642 2.7 2006
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Sapindaceae

Fabaceae

Moraceae

Lauraceae

Fabaceae

Juglandaceae

Fagaceae
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americana

Inga edulis

Maclura

tinctoria

Nectandra cf

laurel

Neltuma

Juliflora

Oreomunnea

munchiquensis

Quercus

humboldtii

Cal
Ca2
Iel
le2
Ie3
Mtl
Mt2
Mt3
NIl
NI2
NI3
Nj1
Nj2
Nj3
Oml
Om?2
Qhl
Qh2

Qh3
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2004

1972

1963

1975

1957

1966

1989

1987

1977

1957

1954

1965

1994

2000

1979
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1.3136

1.0793

1.0842

1.0775

1.4945

1.6560

1.4064

0.9792

1.6504

1.1808

1.5240

1.6539

1.0310

1.0023

1.4321

1.5571

1.2840

0.9777

3.1

3.1

3.5

34

4.2
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3.9
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4.3

33
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4.1
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2.1

2.6

4.1

4.2

2.9

1979

1978

2002

2000

2004

1972

1963

1975

1954

1966
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1970
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1962
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