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Contrasting resin-tapped and untapped Pinus pinaster Ait. trees of
central Spain in a dendroclimatic research
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Introduction

Pinus pinaster Ait. (Maritime pine) is the
pine species that covers the larger exten-
sion in Spain due to its wide ecological
range and long history of anthropic man-
agement. Palaeobotanical data describe
the maritime pine as native to the Iberian
Peninsula and proved the importance of its
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We investigated whether there are significant differences in the climatic re-
sponse of resin-tapped and untapped maritime pine (Pinus pinaster Ait.) trees
in four forest stands in the central mountains of Spain, where the species is of
natural origin. The stands are located in different provenance regions, with
the westernmost site located on the northern slopes of Sierra de Gredos and
the easternmost in the transition to the middle Duero basin, with altitudes
ranging from 900 to 1350 m a.s.l. Dominant trees were sampled and standard
dendrochronological methods were used to compare tree growth of both types
of trees at each site. Climate-tree growth relationships were assessed using
bootstrap correlations and response functions between tree-ring growth in-
dices and climate variables, for both partials and full local chronologies of
each stand, selecting climatic data from the most complete and closest meteo-
rological stations. Our results showed that the trees selected for resin extrac-
tion were older, on average, and when site characteristics were favorable
enough for maritime pine growth and resin extraction, all trees were resin-
tapped. Contrastingly, when site characteristics were unfavorable for resin ex-
traction, only the largest and the best-developed trees were tapped. No major
differences were found between the climatic responses of resin-tapped and
untapped trees, and it was therefore possible to use all the available tree-ring
width series per site, both resin-tapped and untapped trees, to identify the
main climatic drivers of maritime pine growth in central Spain. In addition, we
have expanded the chronologies network of Pinus pinaster in Spain in number
and length. This work may provide valuable information to improve forest
management strategies for sustainable resin production.
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forests in the Iberian ecosystems for thou-
sands of years (Carridén et al. 2000, Alcalde
et al. 2004, Rubiales et al. 2010, Olmedo-
Cobo et al. 2019). Specifically, in the Central
System mountain range of Spain, an early
Holocene replacement of boreal pines (P.
sylvestris) by Mediterranean pines (P. pin-
aster) has been documented in the mid-alti-
tude areas of the NW region, a replace-
ment that was most likely widespread in in-
land Spain (Morales-Molino et al. 2013).
Other data confirm the establishment of
maritime pine and monospecific P. pinaster
forests on the southern slopes of the Sierra
de Gredos, from around 400 cal yrs BP
(Robles-Lépez et al. 2020). Finally, in the
Guadarrama mountain range, the main
eastern section of the Central System, it is
worth mentioning the presence of mar-
itime pine pollen records for the last 1689
years in a periglacial hygroturbous deposit
located in the Pefialara massif (Gémez-
Gonzdlez et al. 2009). P. pinaster has also
been artificially extended in many areas of
the Iberian Peninsula and other areas with
Mediterranean and temperate climates
worldwide (Alia et al. 1996, Abad et al.
2016).

The natural and artificial populations of
maritime pine have traditionally been ex-
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ploited for the extraction of resin, one of
the most important non-timber resources
of the Spanish forests, especially from the
1840s to the 1980s. Spain and other Euro-
pean countries virtually ceased to be resin
producers and exporters in the 1980s when
cheaper Chinese production exceeded Eu-
ropean production (Picardo & Pinillos 2013,
Solifio et al. 2018). However, in recent
years, the increased demand for natural
resins and a decline in Chinese exportation
have encouraged the resumption of resin
extraction from the most productive Span-
ish forests (Solifio et al. 2018).

It has long been known that resin tapping
damages the trees and that the severity of
the effects depends on the frequency of
tapping and the type of wounds produced
on the trunk. However, few studies have
looked at the long-term effects on tree
growth. Schweingruber (1996) noted that
some studies carried out between 1938
and 1992 showed that tree growth was re-
duced by up to 25% due to extreme and re-
current injuries. In the current century,
very few studies have analyzed the effects
of resin extraction on tree growth and
vigor over time in Europe and China (Pa-
padopoulos 2013, Magnuszewski & Tomu-
siak 2013, Génova et al. 2014, Chen et al.
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Tab. 1 - Location and characteristics of sampling sites and the number of sampled
trees. (Scc): Sandstones, conglomerates, and clays; (RT): resin-tapped trees; (RU):

resin-untapped trees.

R . Mean
Site Latitude Longitude altitude Substrate Aspect No. RT No. RU
(N) W) trees trees
(m a.s.l.)
VEN 40.39 -4.64 1030 Granite NW 15 22
ALM 40.45 -4.26 1050 Granite w 39 12
JAR 40.68 -4.13 1230 Gneiss SW 23 12
HOR 41.48 -3.65 1200 Scc NE 24 12

2015, Van Der Maaten et al. 2017, Zeng et
al. 2021).

Most maritime pine forests in Spain are
quite young and trees older than 100 years
are rare, due to traditional uses and inten-
sive management for resin extraction. In
the network of P. pinaster chronologies an-
alyzed by Sanchez-Salguero et al. (2018),
42% of the chronologies start before 1900,
but only 20% before 1850. At least in central
and southern Spain, it is difficult to find
long-lived P. pinaster trees that have not
been tapped (Génova et al. 2014, Caminero
etal. 2018).

Accurate knowledge of the response of
trees to climate change in the context of
current global change is an increasingly
pressing issue when planning adaptation
and mitigation measures in forests. In this
sense, the maritime pine is one of the most
studied forest tree species in relation to
the effects of increasing droughts in Spain
in recent years. Numerous dendroecologi-
cal studies have been carried out to ana-
lyze the diverse responses in regions with

contrasting climates (Bogino & Bravo
2008, Correia et al. 2008, Rozas et al. 2011,
Camarero et al. 2015, 2018, Arzac et al.
2018, Sanchez-Salguero et al. 2018). In addi-
tion, the decline of pine trees due to
drought and other stressors has also been
analyzed (Sanchez-Salguero et al. 2012,
Gea-lzquierdo et al. 2019).

We have posed our work with this in
mind, especially because we think that the
dendroecological studies on resin and non-
resin trees may provide valuable informa-
tion about tree performance to better
adapt forest management strategies to
sustainable resin production. For this rea-
son, we focus on the long-term radial
growth of maritime pine and its response
to climate considering resin-tapped (RT)
and resin-untapped trees (RU) in four na-
tive forest stands across the central moun-
tain range of Spain, where the resin was
extracted until the 1980s. Specifically, we
focused on assessing whether there are
significant differences in the climatic re-
sponse between RT and RU trees. If the re-

Pinus pinaster Ait.
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Fig. 1 - Sampled forest stands in the center of the Iberian Peninsula (indicated by a
lowercase letter), meteorological stations location (indicated by stars) and their cor-
responding climatic diagrams are located in the map of provenance regions
(“Regiones de Procedencia’) of Pinus pinaster (Alia et al. 1996), where the areas
marked in blue correspond to repopulations and those marked in green correspond
to native forest. Sites sampled: (a) Venero, (b) Almenara, (c) Jarosa, (d) Hornuez.
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sults do not provide significant evidence of
different responses of both types of trees
to climate change, then RT and RU trees
could be used together in dendroclimatic
studies. Moreover, we aim to provide rele-
vant information to increase the knowl-
edge about the growth-climate relation-
ship of the maritime pine for the central re-
gion of the Iberian Peninsula and to com-
pare it with other Iberian regions.

In summary, we try to answer the follow-
ing questions: (i) which trees were selected
for resin extraction in central Spain? (ii)
Does resin extraction trigger lower growth
in trees? (iii) Are there relevant disparities
in the response to climate between RT/RU
trees? (iv) What are the main climatic driv-
ers for the P. pinaster growth in central
Spain?

Furthermore, these results will be a valu-
able contribution to increase the current
network of P. pinaster chronologies in
Spain (Sdnchez-Salguero et al. 2018), and in
particular to expand the scarce long-term
chronologies of this species that have been
built to date.

Material and methods

Study area

We selected four forest stands in the cen-
tral mountains of Spain, where Pinus pin-
aster was of natural origin and the domi-
nant tree species (Tab. 1, Fig. 1). From west
to east, the sites sampled were Venero
(VEN, Navaluenga, Avila), Almenara (ALM,
Robledo de Chavela, Madrid), Jarosa (JAR,
Guadarrama, Madrid) and Hornuez (HOR,
Moral de Hornuez, Segovia) that are lo-
cated in distinct provenance regions ac-
cording to Alfa et al. (1996), ranging in alti-
tude from 900 (VEN) to about 1350 m a.s.l.
(JAR).

The Venero site is located in the river ba-
sin of the Arroyo Cabrera torrent, formed
by the confluence of several secondary tor-
rents descending from the Escusa summit
(1960 m a.s.l.), on the northern slopes of
Sierra del Valle (Gredos Mountain Range,
Spanish Central System). Common granitic
rocks covered by superficial quaternary for-
mations of conglomerates, gravels, sands,
and silts characterize the landscape. The
forest stand is formed predominantly by Pi-
nus pinaster, with some individuals of P.
sylvestris and Quercus pyrenaica (Fig. 2d). In
addition, riparian broadleaved species (Al-
nus glutinosa, Fraxinus angustifolia, Populus
nigra) colonize both riverbanks (Balleste-
ros et al. 2010).

The Almenara site is located between the
Gredos and Guadarrama ranges, forming
part of a series of minor alignments of iso-
lated hills that link both mountain ranges.
The soil parent material is mostly granite
and gneiss, dominating the former, and
reaches a maximum altitude of 1259 m a.s.l.
On the east side, Quercus ilex dominates
the forest with Juniperus oxycedrus, Pista-
cia terebinthus, and Retama sphaerocarpa.
On the western slope which is steeper and

iForest 17: 148-155
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Fig. 2 - (a) Resin extraction
scars and callus formed to
isolate damaged tissues in
a cross-section from Hor-
nuez; (b) scar caused by
resin extraction several
decades afterin alive tree;
(c) overview of Almenara,
the steepest and stoniest
site; (d) the pine forest of
Venero; (e) the pine forest
of Almenara with dead
trees.

stony, Q. ilex locally shares dominance with
Pinus pinea, in low and more southern ar-
eas, and with P. pinaster in the middle and
higher areas, where it becomes more abun-
dant (Fig. 2¢). In Almenara we identified
many dead trees in recent years (Fig. 2e),
as it occurs in other areas of central Iberia
(Gea-lzquierdo et al. 2019).

The site called Jarosa is located in a valley
in the southwest of the Sierra de Guadar-
rama, specifically on its southeast slope.
The highest peak is Cabeza Lijar (1824 m)
and, unlike the previous sites, the gneiss
dominates over granite. The pine forest is
the characteristic vegetation of the valley,
P. pinaster forest in the lower areas is ac-
companied by Cistus ladanifer and Cytisus
scoparius, which is replaced by P. sylvestris,
as the altitude increases. Small pine forests
and relict stands of P. nigra also survive on
the highest and central sectors of the val-
ley, between 1200 and 1600 m a.s.l. (Rega-
to et al. 1992), some of them being more
than 500-year-old (Génova 2000).

The most northeastern site, Hornuez, is
located in the mid-Duero basin at the tran-
sition with the Central System Range. The
main substrates include Triassic sand-
stones, conglomerates, and clays, with
very well-drained soils. The main tree spe-
cies in the studied forest was P. pinaster, in-
cluding also several isolated Quercus fagi-
nea and Q. ilex. In the summer of 2008, a
big fire killed all the trees in the Hornuez
forest stand (Fig. 2a). We sampled the
dead trees and collected cross sections
that were analyzed together with the cores
previously sampled (Génova et al. 2014). In
this work, we used the revised dedro-
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chronological data to compare them with
the other three sampled sites.

Resin extraction, especially from Mar-
itime pines, was a common human activity
throughout the 20" century that com-
pletely stopped in Spain in the 8os, al-
though it has recently been restarted with
new techniques (Picardo & Pinillos 2013,
Solifio et al. 2018). With the exception of
the Hornuez site, there are no precise
dates of when the trees were resin-tapped.
We used the disks collected in Hornuez to
date the scars of the resin extractions,
which occurred mainly during the period
1920-60 (Génova et al. 2014 - Fig. 2a).

In each stand, we extracted cores from
dominant and large trees, both resin-
tapped (RT) and resin-untapped (RU). Res-
in-tapped trees that were usually sampled
showed traces of scars in the trunk (Fig.
2b). At least two cores per tree were ex-
tracted at a height of 1.30 m from the base
of the trunk and as far away from the resin
scars as possible to avoid the influence of
the overgrowth of the callus formation,
which isolates the wounds and limits the
spread of pathogens (Shigo 1984). For the

Hornuez site, we added cross-sections of
samples (13 RT trees and 6 RU trees) cut at
a height of approximately 15 cm above the
tree base (Génova et al. 2014).

Dendrochronological methods

Tree samples were prepared and cross-
dated following standard dendrochrono-
logical methods. Tree-ring measurements
were carried out using a Lintab device (ac-
curacy 1/100 mm) and analyzed using TSAP
software (Rinn 2003). For the cross sec-
tions from Hornuez, at least four radii per
sample were dated and tree rings were
measured (Génova et al. 2014). Cross-dat-
ing was checked using the software COFE-
CHA (Holmes 1999).

We evaluated and compared the dated
tree-ring growth series of both types of
trees (RT and RU) at each site, selecting
the same number of trees (12 trees) from
the pool of sampled trees to give equal
weight to each type of tree per site. As the
RU trees are generally younger, those with
similar tree-ring series lengths covering the
whole trunk radius from the bark to the
pith were selected. To compare RT and RU

Tab. 2 - Characteristics of the meteorological records used. (T): temperature; (P): pre-
cipitation; (MAT): mean annual temperature; (MAP): mean annual precipitation.

Meteorological . Latitude Longitude Altitude 1st-year MAT MAP
- Province recorded |,

station (N) W) (m a.s.l.) T/P (°C) (mm)

Aldea del Rey Nifio Avila 40.58 -4.74 1160 1945/1945 9.39 439

Navacerrada Madrid 40.79 -4.00 1894 1946/1946 6.54 1323

Linares del Arroyo Segovia 41.52 -3.56 911 1962/1943 11.71 455
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Tab. 3 - Characteristics of the tree-ring width series and the residual chronologies of the RT and RU trees. (RT): resin-tapped trees;
(RU): resin-untapped trees; (MTRW): Mean Tree-Ring Width (mm); (IT): series intercorrelation; (MS): mean sensitivity; (EPS):
Expressed Population Signal; (%varPC1): common variance explained by the first principal component.

MTRW
site e Mean Age MTRW 1929-2008 T MS Timespan  EPS>0.85  %varPC1
type (range) (£SD) (£5D)

P 108 (72-129) 348217  2.50:0.69  0.60 023 18812009  1930-2007 54.14
RU 5 (56-81) 3.71:1.8  3.65:1.47  0.60 023 19292009  1950-2007 52.93
R 107 (76-130) 2.87:2.0  2.50+1.07  0.65 030 18852014  1920-2013 63.11
RU 108 (85-146) 247+1.6  2.23:096 056  0.30 18692014  1920-2013 58.82
L 107 (70-133) 1.99:11  1.79:0.46 053 025  1878-2010  1920-2010 48.06
RU 74 (56-96) 3.89:1.0  410:1.36  0.60 024 19152010  1950-2010 50.08
wor | RT 4 (71-112) 246+1.6  2.09:1.07  0.64 023 18972008  1910-2007 58.77
RU 1 (54-120) 2.75:1.4  2.77:1.00  0.65 023 18892008  1930-2007 49.93

tree-growth, we analyzed the raw mean
TRW (Tree-Ring Width) series and the
growth change over time in the common
period of the RT and RU chronologies
(1929-2008).

Climatic data and climate-tree growth
relationships

The general climate of the area is conti-
nental Mediterranean, typical of the moun-
tain ranges of inland Spain. Summers are
hot and dry, spring and autumn are tem-
perate and humid, winters are cold and hu-
mid, and the rainfall is irregular, among and
within years.

We selected climatic data from Aldea del
Rey Nifio (Avila), Navacerrada (Madrid),
and Linares del Arroyo (Segovia) meteoro-
logical stations, due to their proximity to

Fig. 3 - Mean 10 -

the sampling areas and the wide and com-
plete range of data they provide (Fig. 1). In
addition, they capture a wide range of cli-
mates in central Iberia, from low (911 m
a.s.l.) to high altitudes (1894 m a.s.l.), with
the lower stations representing a warmer
and drier climate. Most of the records be-
gan in the mid-1940s, with the exception of
the Aldea temperature, which began in the
early 1960s (Tab. 2).

In the records of Aldea del Rey Nifio and
Navacerrada there was a period when the
temperatures were below the average
(around 1962-1988) and a clear trend of
temperature increase from 1970 onwards,
whereas this trend is not so clear in the
records of Linares del Arroyo (Fig. St in
Supplementary material). Precipitation re-
cords from all the meteorological stations

tree-ring width 8 - a)
series of resin- 6 -
tapped trees 4.
(red line) and
resin-untapped oll
trees (blue line) 0 ' " ' : T ' ' " T
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show high interannual variability and no
trend, although the period 1990-1995 can
be highlighted as dry, coinciding with years
of generalized drought throughout Spain.

Tree-ring width series were standardized
to establish the chronologies of indices, us-
ing the software ARSTAN (Cook & Krusic
2008). Climate-tree growth relationships
were assessed using bootstrap correlations
and response functions between tree-ring
growth indices and climate variables, both
for the partials and the entire local chro-
nologies of each stand, using the program
DendroClim2002 (Biondi & Waikul 2004).
Correlations were calculated from the pre-
vious August to the current October i.e.,
some months prior and during the year of
tree-ring formation, based on previous
analyses of growth responses of central
Iberian maritime pine to climate (Génova
etal. 2014).

Results

Tree-age and tree-ring width rate of RT
and RU trees

The biometric characteristics and esti-
mated age of the selected trees (12 trees of
each type at each site) to explain and eval-
uate the differences in tree growth be-
tween resin-tapped (RT) and resin-untap-
ped (RU) trees are shown in Tab. 3.

Mean tree-age ranged from 65 to 108
years and mean annual ring width ranged
from 1.99 to 3.71 mm. RU trees were
younger on average than RT trees, espe-
cially RU trees of VEN and JAR sites. More-
over, our results showed that the growth
of RU trees was higher than that of RT
trees in almost all sites, both in the full pe-
riod and in the common period (Tab. 3, Fig.
3), with percentages ranging from 25%-56%
in the common period. Analyzing the
growth in this common period (1930-2008)
divided into four 20-year segments, the
growth of RU trees compared to RT is sig-
nificantly higher (p<0.05) for all periods in
the JAR site, in the VEN site except for
1930-1949, for the two intermediate seg-
ments (1950-1989) in the HOR site and only
for the 1970-1989 segment in the ALM site.

iForest 17: 148-155
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Tab. 4 - Characteristics of tree-ring width series and residual chronologies from each site. (MaxAge): maximum age; (MTRW): Mean
Tree-Ring Width; (SD): standard deviation; (IT): intercorrelation; (MS): mean sensitivity; (EPS): Expressed Population Signal;
(varPC1): variance explained by the first principal component.

Site N MaxAge MTRW = SD IT Ms Time span EPS>0.85 %varPC1
trees (mm)

VEN 32 170 3.50 + 1.86 0.61 0.24 1842-2009 1900-2007 47.62

ALM 45 168 2.45 + 1.66 0.60 0.28 1848-2014 1880-2012 44.82

JAR 30 201 2.40 +1.37 0.55 0.25 1811-2010 1900-2010 40.77

HOR 36 154 2.50 + 1.50 0.66 0.25 1859-2008 1900-2008 62.18
Climate response of RU and RT trees 2 [ 30

Cross-dating results (IT) show that the se- 15 a) i :g

ries intercorrelation is higher than o.50, 1 JWV\WW :zo
reaching a maximum of 0.65 in the HOR 0,5 L 6
and ALM sites; the mean sensitivity ranged o = | . i o
between 0.23 and 0.30 and the maximum 1800 1850 1600 1950 2000
was reached in the ALM-site (Tab. 3). We - 50
decided, therefore, to develop partial res- 1,5 b) - 40 L
idual chronologies with the tree-ring series i "'\M - 30 8
of RU and RT trees in each site. Most of - 20 g
these residual chronologies were reason- 8 ™ _/_,-/ F 103
ably representative from 1910 to 1930, al- w 0 T T T T o -
though the common period in which EPS £ 189 1850 1300 1950 2000 o 2
(Expressed Population Signal) > 0.85 ex- <) a5 2

tended from 1950-2007 (Tab. 3). Besides,
the variance explained by the first principal
component exceeded 50% in almost all
chronologies (Tab. 3). Thus, we analyze the
climate correlations of both sets of chro-
nologies (RU and RT trees) and the aver-
age with respect to the meteorological
record closer to each site, checking that
they were almost indistinguishable (Fig. S2
in Supplementary material).

The local chronologies and the
responses of Pinus pinaster to the
climate

Because we found that resin extraction
did not alter the overall short-wavelength
variability of the tree-ring series and their
climate response, we developed four local
chronologies with all series dated and syn-
chronized, one from each site. All of these
sites show similar values of mean tree-ring
width, intercorrelation, and mean sensitiv-
ity, although the VEN site had the maxi-
mum mean tree-ring-width, the JAR site
had the lower intercorrelation, and the
ALM site had the maximum mean sensitiv-
ity (Tab. 4). The chronologies extend up to
a maximum of 200 years, with the HOR
chronology showing the maximum inter-
correlation and the variance explained by
the first principal component of more than

- 30
1 4

- 20
0,5 - L 10

0 ; r . 0
1800 1850 1900 1950 2000
2 - d - 50
15 - ) L 40
Y} oso
1 4
L 20
05 L 10
0 r + . . 0
1800 1850 1900 1950 2000

Fig. 4 - Residual chronologies of the studied sites. a) VEN-site. b) ALM-site. c) JAR-site.
d) HOR:-site. The vertical bar indicates the year from which EPS>0.85.

62%. The agreement of the variance of the
sample chronologies with that of the theo-
retical population chronology of more than
0.85 began in 1880, and it was common
from 1900 onwards (Tab. 4, Fig. 4). In addi-
tion, the correlations of the 50-year dated
segments were above the critical correla-
tion below 0.32 in almost in all cases (Tab.
5). Lastly, five negative pointer years com-
mon since 1900 were identified: 1981, 1986,
1995, 2005, and 2009, all of them corre-
sponding to the last four decades.

There were no significant differences be-
tween the responses of the four pine for-

ests to the climate. The sign of the re-
sponse function coefficients for the mean
monthly temperatures varied depending
on the seasons. It was mainly positive for
the previous autumn and the current win-
ter (mean February temperature was the
most significant month) and negative for
mid-spring and early summer (May-June-
July). For the precipitation, the correlations
were mostly positive. There was a highly
significant relationship between the indices
of the chronologies and precipitation for
the previous autumn and the current win-
ter (December was the most significant

Tab. 5 - Correlations of 50-year dated segments, lagged 25 years, between the residual local chronologies. (*): p < 0.01.

Site Time span
1825-1874 1850-1899 1875-1924 1900-1949 1925-1974 1950-1999 1975-2024
VEN 0.34 0.43 0.36 0.55* 0.57* 0.67* 0.73*
ALM 0.63* 0.63* 0.49* 0.67* 0.70* 0.73* 0.75*
JAR 0.37 0.49* 0.45 0.27 0.25 0.56* 0.71*
HOR 0.27 0.35 0.53* 0.53* 0.43 0.51*
iForest 17: 148-155 152
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Fig. 5 - Bootstrapped tree-growth correlations to climate, estimated by ring-width
indices and by monthly climatic variables (mean temperature - gold color lines - and
precipitation - blue columns), for the studied sites. The window starts in August of the
previous year (upper case) and ends in October of the current year (lower case). The
color of the columns and lines becomes clear from W to E (VEN: Aldea del Rey Nifio;
ALM: Aldea del Rey Nifio; JAR: Navacerrada; HOR: Linares del Arroyo). Significant val-
ues (p<0.05) coincident in all the response functions have been highlighted, the dots
represent the temperature values and the star represents the precipitation values.

month) and, especially for the mid-spring
and early summer (May-June-July) of the
current year. Overall, the precipitation cor-
relations were strongest and most signifi-
cant in May (Fig. 5).

Discussion

Which trees were selected for resin
extraction in central Spain?

To answer this question, we first tested
whether the ages of the RT trees were sig-
nificantly different from the ages of the
RU-trees, verifying that the last were
younger on average, though this does not
fit in all the analyzed sites. We hypothesize
that if site characteristics were favorable
enough for both the development of mar-
itime pine and the resin extraction (for ex-
ample, ease of access), all the trees would
be resin-tapped and, if not, only the largest
and best-developed ones would be resin-
tapped. For this reason, in the two most fa-
vorable sites (VEN and JAR), the RU-trees
showed a lower mean age, probably be-
cause they were very young or small when
the resin extraction started, or they estab-
lished after the resin extraction started,
whereas in the other two most unfavor-
able sites (ALM and HOR) the mean age of
both tree groups was similar. The age and
juvenile growth differences between RT
and RU-trees will be of great interest to an-
alyze the growth-rate of both tree types.

Does resin extraction trigger lower
growth in trees?

Few studies have investigated the differ-
ences in growth caused by resin extraction.
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Previous studies on different species of Pi-
nus (P. halepensis, P. pinaster, P. massoni-
ana, P. tabuliformis) have found that pine
growth is negatively affected by resin ex-
traction (Papadopoulos 2013, Génova et al.
2014, Zeng et al. 2021), especially in old
trees (Chen et al. 2015). In contrast, other
studies in P. sylvestris determined a growth
increase response to resin tapping, though
these studies mainly analyzed the wood
formation on the living part of the bole but
not on the tapping face (Magnuszewski &
Tomusiak 2013, Van Der Maaten et al. 2017).
Therefore, these results are not exactly
comparable (different species, ages, and
types of samples). Furthermore, the cited
studies were conducted in countries where
different resin extraction methods were
used, as summarized by Da Silva et al.
(2013).

In central Spain, the mean TRW-series
showed that the growth of RU-trees was
higher than that of RT-trees, with the ex-
ception of the ALM site, with variable per-
centages of growth divergence estimated
between 56% and 25% depending on the
sites. It should be noted that the TRW of
the RT-trees generally remained lower for
at least 50 years, although in recent de-
cades this growth difference has decreased
and disappeared, probably related to the
end of resin extraction, which occurred
throughout Spain in the 1980s (Picardo &
Pinillos 2013). However, this growth differ-
ence persisted for more years in JAR, prob-
ably because resin extraction lasted longer
at this site.

The site characteristics, that influenced
the management of resin extraction, and

the variability of tree-age, are the factors
that are likely to explain the main diver-
gences in growth-rate of both tree types
among the sites studied. The largest differ-
ences were found in what is probably the
most suitable environment for the mar-
itime pine growth (the JAR site) and, con-
versely, the smallest differences were
found in the steepest and stony site with
poor and thin soils (the ALM site). In the
latter site, resin extraction could have been
difficulted because of the rugged orogra-
phy and the long distance to the main
transport routes, and trees with the poor-
est growth and appearance could have
been excluded for resin tapping. That is,
the variability in tree-age explained by tree
selection for resin extraction, also plays a
significant role in the interpretation of
growth-rate divergences between RU and
RT-trees, as already pointed out by Mag-
nuszewski & Tomusiak (2013) and Génova
etal. (2014).

Are there relevant disparities in the
response to climate between RT/RU
trees?

The potential impact of resin tapping on
the growth-climate relationships has rarely
been investigated (Génova et al. 2014, Van
Der Maaten et al. 2017, Zeng et al. 2021).
The first two studies conclude that there
are no differences in the climate sensitivity
of RT and RU trees, nor in the occurrence
of growth responses to extreme events
(Van Der Maaten et al. 2017), but Zeng et
al. (2021) suggest that tapped trees are
more vulnerable to drought. Our work,
with extensive data on P. pinaster in central
Spain, provides reliable evidence that there
are almost no differences in the response
to climate between these two groups of
trees.

What are the main climatic drivers for
the P. pinaster growth in central Spain?

The long-lived chronologies established in
this study, spanning almost 200 years, ex-
tend and complete the current network of
chronologies of Pinus pinaster from Spain
(Sanchez-Salguero et al. 2018). The great
similarities found between the responses
of maritime pine to the climate of central
Spain in several sites with different ecologi-
cal conditions, help outline in detail its
main climatic drivers in the current context
of global change. The main monthly cli-
matic drivers are February temperature
and May precipitation, albeit more broadly
the tree response is focused on two peri-
ods: the previous autumn/current winter
(from November to February) and the mid-
spring/early summer (May-June-July).

The positive effect of warmer February
may be due to the fact that it induces the
earliest cambial activation and has also
been detected in central Portugal (Campe-
lo et al. 2013) and central and southern
Spain (Caminero et al. 2018, Gea-lzquierdo
et al. 2019, Rodriguez-Vallejo & Navarro-
Cerrillo 2019). On the other hand, lower
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precipitation in May has a noteworthy neg-
ative effect on P. pinaster growth, as was
also determined in many regions of Spain
(Bogino & Bravo 2008, Rozas et al. 2011,
Candel-Pérez et al. 2012, Camarero et al.
2015, Caminero et al. 2018, Navarro-Cerrillo
et al. 2018, Sanchez-Salguero et al. 2018)
and Portugal (Vieira et al. 2009, Kurz-Bes-
son et al. 2010). High temperatures and
precipitations during the previous autumn
and the current winter enhanced tree-
growth in the four stands studied, with the
most crucial period being mid-spring/early
summer of the current year (May-June-
July). In mid-spring/early summer, the neg-
ative relationship with temperature con-
verges with a positive relationship with
precipitation, suggesting that the growth
of P. pinaster in central Spain is mainly lim-
ited by water availability during the grow-
ing season, as postulated by Bogino & Bra-
vo (2008), Sanchez-Salguero et al. (2018)
and Gea-lzquierdo et al. (2019).

Of all the identified negative pointer
years, only 1995 and 2005 have been men-
tioned before, especially 2005, for example
in Sdnchez-Salguero et al. (2010), Madrigal-
Gonzélez et al. (2018), Rubio-Cuadrado et
al. (2018) or Gea-lzquierdo et al. (2019). The
year 1986 was also reported by Génova
(2012) as a pointer year for P. sylvestris and
P. nigra on the Guadarrama mountains in
central Spain. In the ALM and JAR sites, we
add another pointer year, 2009, just as out-
standing as the previous ones. We point
out that these growth reductions in annual
ring width seem to be recurring more and
more in recent decades.

Conclusions

Four native Pinus pinaster forests in cen-
tral Spain were used as indicators to assess
the effects of resin tapping on tree-ring
growth. Tree-ring growth in tapped trees
was in general significantly lower than that
in untapped trees, but this fact was related
to several factors. Our results showed that
when site characteristics were favorable
enough for both maritime pine develop-
ment and resin extraction, all trees were
resin-tapped, otherwise only resin was ex-
tracted from the largest and the best-de-
veloped trees. No significant differences
were found between the climatic response
of resin-tapped and untapped trees, mak-
ing it possible to use both tree-ring width
series to identify the main climatic drivers
for maritime pine growth in central Spain.
By selecting native areas of Pinus pinaster
in Spain, it was possible to establish longer
chronologies than if populations from arti-
ficial plantations were studied. Dendroeco-
logical studies may provide valuable infor-
mation to improve forest management
strategies for sustainable resin production.

List of abbreviations

RT: resin-tapped, RU: resin-untapped,
VEN: Venero site, ALM: Almenara site, JAR:
Jarosa site, HOR: Hornuez site, IT: Intercor-
relation, EPS: Expressed Population Signal,
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Contrasting resin-tapped and untapped Pinus pinaster

TRW: Tree-Ring Width.
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