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Iconic to the Mediterranean landscape, the age of monumental olive trees with large trunks and unique sil-
houettes is often considered several centuries to millennia. Here we combine tree-ring and radiocarbon dating to
show that most monumental olive trees may have maximum ages between 300 and 500 years. Our example helps

gijaiz:paea disentangling the tree size-longevity conundrum in a major Mediterranean cultivated tree species and important
14C-dating cultural heritage.

1. Introduction

The evergreen olive tree (Olea europaea) is a major cultivated species
in areas of seasonal drought, such as the Mediterranean Basin where
successive civilizations domesticated and spread the species. Olive trees,
which are also widespread in other regions with Mediterranean climate
(e.g. Chile, California and Australia), can become large and monumental
with thick trunks of up to two meter diameter (Ninot et al., 2018). Since
most people confuse tree size and age, there is the common believe that
many of the magnificent olive trees are very old (Diez et al., 2011).
However, scientific data supporting the assumption of millennial in-
dividuals are lacking, and the available literature reports a wide range of
maximum ages of olive trees (e.g. Thomas, 2003). Here, we argue that
most monumental olive trees are a few hundred rather than a few
thousand years old.

When searching for the word combination “millennial, olive and
tree” (www.google.com; March 2020), we found 1,140,000 results,
whereas the Web of Science or Scopus only contain two scientific articles
about old olive trees, though lacking any reliable age estimate (Diez
etal., 2011; Delgado et al., 2013). Most web pages are touristic and refer
to ancient olive trees, such as a 1,700-year old tree in Spain (https://edi
tion.cnn.com/travel/article/millenary-olive-trees-spain/index.html), or
another olive tree from Montenegro that is supposed to be at least 1,314
years old (https://www.oliveoiltimes.com/wp-content/uploads/2015
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/05/cert.jpg). However, none of these entries provide scientific refer-
ences to how dating was performed. A more recent study characterizes
genetically old olive trees in eastern Spain (Ninot et al., 2018), and re-
ports maximum age estimates of 324-1,082 years, based on algorithms
transforming stem circumference or diameter measured at 1.3 m into
theoretical age (Arnan et al., 2012). Radiocarbon o) dating of olive
trees in the Garden of Gethsemane estimated maximum ages of up to 670
years (Bernabei, 2015).

To accurately date trees, a complete radius of annually formed rings
from the innermost pith to the outermost bark must allow cross-dating
against independent reference material. Cross-dating of olive wood is,
however, challenging if not impossible (Cherubini et al., 2013, 2014),
because the species often forms intra-annual wood density fluctuations
and exhibits false rings. The species is also well-known for highly vari-
able tree-ring boundaries and eccentric growth patterns (Cherubini
et al., 2003). Despite these constraints, a few studies have succeeded to
synchronize and measure rings in cultivated (Rossi et al., 2013) and wild
olive (Olea europaea subsp. cuspidate) trees (Girmay-Siyum et al., 2019).

It should be further noted that high-resolution *C-dates of the
outermost wood of the same olive tree may differ by several decades
(Ehrlich et al., 2018), most likely due to shifts in cambial activity along
the stem circumference (Liphschitz and Lev-Yadun, 1986).

Here we combine tree-ring dating in nine trees from northeastern
Spain with '%C analyses in wood from five monumental olive trees

Received 8 October 2020; Received in revised form 10 November 2020; Accepted 22 December 2020

Available online 28 December 2020
1125-7865/© 2020 Elsevier GmbH. All rights reserved.


http://www.google.com
https://edition.cnn.com/travel/article/millenary-olive-trees-spain/index.html
https://edition.cnn.com/travel/article/millenary-olive-trees-spain/index.html
https://www.oliveoiltimes.com/wp-content/uploads/2015/05/cert.jpg
https://www.oliveoiltimes.com/wp-content/uploads/2015/05/cert.jpg
mailto:jjcamarero@ipe.csic.es
www.sciencedirect.com/science/journal/11257865
https://www.elsevier.com/locate/dendro
https://doi.org/10.1016/j.dendro.2020.125802
https://doi.org/10.1016/j.dendro.2020.125802
https://doi.org/10.1016/j.dendro.2020.125802
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dendro.2020.125802&domain=pdf

J.J. Camarero et al.

Table 1
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Location, diameter, number of counted rings and the age estimated through *C dating of pith wood in five monumental olive trees sampled in north eastern Spain
(calendar dating using CALIB program; see Stuiver and Reimer, 1993; Reimer et al., 2013; Stuiver et al., 2020). Age was estimated with respect to the 2020 year and the

two 14C-dates with highest probability are presented.

Study site Latitude N Longitude -W, +E Diameter at 1.3 m (cm) No. rings Age + SE (years) 14C cal. date Prob. (%)
Ainzén 41.8066 —1.5344 146.0 275 ;j; i z; ig?:i 32; 2:2
177 £ 1 —1891 .
— wows e 180 152 177 432 .
have wuss oo 580 20 271+ 20 leaidero 680
Valdealgorfa 40.9896 —0.0228 124.5 - 45123 i i; 1::2:12?2 ji?
+ 2 1 —1 2.
Valderrobres 40.8527 0.1561 87.0 - Zgi T 22 1?;2_1233 202

Fig. 1. View of (a) a monumental olive tree, (b) sampling of pith wood, and (c) basal cross-section (olive tree sampled in Asque, see Table 1). The first photograph (a)
was taken by A. Gracia-Balaga in Barillas (north eastern Spain), and the second (b) and third images (c) correspond to J.J. Camarero and M. Ortega-Martinez,

respectively.

sampled in eastern Spain and compared them with previous analyses
carried out by other authors in different regions of the Mediterranean
Basin. In this way, we illustrate how '*C analyses improve the dating of
monumental trees, particularly in the case of olive trees which show
challenging tree-ring dating because of the formation of false rings
(Cherubini et al., 2003, 2013, 2014).

2. Materials and methods

We sampled, measured and cross-dated nine olive trees located near
the village of Ainzén in Aragén, northeastern Spain (41° 47° 50" N, 1°
31’ 57 W and 471 m a.s.l.). The annual mean temperature and pre-
cipitation total is 12.2 °C and 420 mm, respectively, according to data
from the Borja climate station (41° 50° 05" N, 1° 31’ 55”* W, 459 m a.s.
.). Water deficit occurs from June to September with minimum soil
water availability in July and August. Frosts can occur from November
to March.

The samples were cross-sections of basal stems or thick branches
which were carefully sanded until rings were clearly visible and visual
cross-dating was possible. Two radii per tree were dated and measured
to the nearest 0.01 mm using a Lintab-TSAP measuring device (Rinn-
tech™, Heidelberg, Germany). Cross-dating was only feasible for the
period 1950—2017. The resulting ring-width data were detrended and
standardized by using the software ARSTAN v.44 (Cook and Krusic,
2005), which allows removing age-related growth trends prior to
calculating growth-climate response patterns. Each ring-width series
was detrended by 32-year cubic smoothing splines. The resulting series
of dimensionless ring-width indices were pre-whitened with an autore-
gressive model, and their bi-weight robust mean was computed to obtain
residual chronologies of high-frequency variability. Calculated over the
common 1950-2017 period, a mean correlation of 0.19 between trees, a
mean correlation of 0.52 between radii, an EPS (Expressed Population
Signal) of 0.65, and 30.1 % of variance in the first eigenvector indicate a
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Fig. 2. Relationships between trunk diameter of olive trees and age estimated
by counting annual rings (a) or through '“C dating. In plot (b) the square shows
the dating of an olive sampled in the garden of Gethsemane (Bernabei, 2015)
which was not included in the regression. Continuous and dashed lines show
the linear regressions and their 95 % confidence intervals, respectively (sta-
tistics are displayed in the plots).
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Fig. 3. Different components of radial growth in olive trees sampled in Ainzdn, north eastern Spain (see location in Table 1). (a) Cumulative diameter increment as a
function of tree age, (b) inter-annual growth variability (values are mean ring widths + SE), and (c) drought-growth relationships. In plot (c) the mean series of ring-
width indices (RWI) or residual chronology was found to be positively correlated with the 6-month SPEI drought index calculated for the last week of June.

weak common signal and a high tree-to-tree variability.

We calculated Pearson correlations between the mean series of the
pre-whitened ring-width indices (residual chronology) and the Stan-
dardized Precipitation Evapotranspiration Index (SPEI), a multi-scalar
drought index that explicitly considers the effect of temperature on
the water balance (Vicente-Serrano et al., 2010, 2017). The SPEI data for
the period 1963—-2017 were downloaded at weekly resolution and at
1.1-km? spatial resolution for the grid box over the study site (htt
ps://monitordesequia.csic.es/).

In order to assess the relationships between trunk diameter and tree
age, we compiled data on trunk diameter and number of rings from
monumental olive trees. This information was obtained for trees from
Spain (Arnan et al., 2012; and this study), Chile (Contreras et al., 2018),
and Ethiopia (Girmay Siyum et al., 2019). Moreover, we collected data
on tree diameter and 1*C dates of ring formation from several analyses
carried out in Israel (Bernabei, 2015; Ehrlich et al., 2017, 2018), as well
as from five selected monumental olive trees from eastern Spain (this

study; Table 1, Fig. 1). All trees presented in this study contain pith
wood samples, which contained between 10 and 30 rings, taken either
by sampling cross-sections or partially rotten stumps (Fig. 1b and c).

3. Results and discussion

We establish relationships between trunk diameter and tree age
based on ring counting (Fig. 2a) or 14C—dating (Fig. 2b). These re-
gressions emphasize that the diameter-age relationships could be
described using linear regressions up to ages of about 400 years. The C-
inferred ages of some monumental olive trees, as those sampled in the
Garden of Gethsemane (Bernabei, 2015) do not fit with the derived
regression. Predictions based on ring counting or 1*C dating yield similar
estimates. For instance, an olive tree with a 2-m diameter trunk should
have an age between 340 and 361 years according to ring counts and 14C
dates, respectively.

The '“C-inferred mean (& SE) age of monumental olive trees from
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northern Spain is 307 (+ 37) years with a maximum age of 560 years
(Table 1). These estimates agree with findings by Ehrlich et al. (2017),
who concluded that most monumental olive trees are not older than
300-500 years based on 'C-dating of olive cross-sections.

The cross-dating and measuring of rings in the nine individuals
sampled in Ainzén, northeastern Spain, suggest that the oldest dated tree
is circa 100 years old and the mean cumulative radial increment rate is
0.13 cm yr~! (Fig. 3a), which agrees with previous analyses (Arnan
etal., 2012). The mean ring-width is 1.38 mm (Fig. 3b). The mean series
of ring-width indices (chronology) and the 6-month long SPEI calculated
for the last week of June are positively correlated (r = 0.44, p = 0.0008,
period 1963-2017; Fig. 3c). This shows that cumulative drought stress
from January to June drives radial growth of olive trees which is sup-
ported by phenological analyses of cambium activity showing a peak in
early spring (Liphschitz and Lev-Yadun, 1986). However, these results
must be taken with caution given the weak common signal based on
dendrochronological statistics.

In summary, age estimates based on ring counting and '*C dating are
within the range of 300-500 years; and cross-dating of olive samples is
feasible, but the resulting tree-ring data reveal a high variability be-
tween trees despite coherent growth responses to drought. We therefore
conclude that almost all monumental olive trees that have been dated so
far have maximum estimated ages of between 300 and 500 years. The
fact that the age of some of these trees has often been overestimated,
however, does not preclude their protection as agricultural, cultural,
patrimonial, and spiritual goods.

Even if most monumental olive trees are not millennia old, they
provide historical, ecological, aesthetic, ornamental, eco-touristic,
spiritual and scientific values to society. These impressive, large trees
play fundamental roles as historical components of Mediterranean
agricultural landscapes and deserve further recognition and special
protection through legal actions. The existing acts on the protection of
monumental olive trees, already approved in some Spanish and Italian
regions, give similar importance to the large size and unique shape of
these trees and their ages. Our results suggest modifying these laws by
considering monumental olive trees those with ages higher than 150
years.
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