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The effects of fire on Pinus sylvestris L. as determined by 
dendroecological analysis (Sierra de Gredos, Spain)
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Iberian  populations  of  Scots  pine  (Pinus sylvestris  L.)  have been declining
since the late-glacial period; among those that remain, relict stands have great
biological and ecological value. This paper investigates the effects of a 2009
fire on tree growth in one of these small populations in the Sierra de Gredos
(Spain) by examining the responses recorded in the tree-ring width series of
the  surviving  trees.  The  current  status  and  distribution  of  these  surviving
trees reveal the severity of the fire; indeed most show scars or other evidence
of fire damage. Dendroecological analysis revealed narrower tree rings, indi-
cating negative pointer years for the year of the fire and the following year. A
very significant reduction in growth was recorded for the years after the fire,
both in terms of tree-ring width and basal area increment; incomplete and
even absent rings were also recorded. No relationship was seen between these
effects and climatic events. The dates and geographical extension of former
possible disturbances were also investigated, using the data from these same
trees plus information collected from others in the region. The vulnerability of
these populations to past fires was evident. Lastly, given the problems affect-
ing the regeneration of these relict populations, it is strongly suggested to ur-
gently include all these populations in conservation and environmental man-
agement programs.

Keywords: Disturbances, Tree-ring Width, Growth Change, Absent Rings, Nega-
tive Pointer Years

Introduction
Forest fires are a serious ecological, eco-

nomic and social problem in Spain. Year af-
ter year, the Province of Ávila has been one
of the interior areas with the greatest num-
ber of such fires (Palacios 2013). The centre
and south of the province are home to sev-
eral  ranges  that  belong to the larger  Sis-
tema Central. The highest of these ranges,
the Sierra de Gredos,  was  declared a  Re-
gional  Park  in  1996.  Summer  thunder-
storms  and  human  activity  in  the  area,
which has been present for millennia (Gén-
ova  et  al.  2009,  López-Sáez  et  al.  2019),
have long rendered the Sierra de Gredos a
hot spot for forest fires (Palacios 2013, Váz-
quez De La Cueva 2016). Moreover, the last

50 years have seen huge urban expansion,
along  with  an  increase  in  tourism  and
sporting activities, which together have led
to  a  new  urban-forest  interface  that  in-
creases the risk of fires and makes it more
difficult to extinguish them (Galiana 2012).
In  July  2009,  for  example,  a  fire affected
eight municipalities belonging to the Sierra
de Gredos Regional  Park.  Apart  from  the
lamentable  loss  of  human  life,  it  caused
enormous  ecological  damage  affecting
over  4200  ha,  of  which  2600  within  the
Park itself.  The municipality of Cuevas del
Valle  was  particularly  badly  affected;  in-
deed, 1500 ha were completely destroyed
and the La Rubía Scots pine (Pinus sylves-
tris L.) forest, which lies within this munici-

pality, was very badly hit.
The  La  Rubía  forest,  along  with  other

woods and stands of  Scots  pine that  still
survive in the Sierra  de Gredos,  mark the
southwestern  limit  of  all  natural  popula-
tions of this species (Willkomm 1896, Gaus-
sen 1949). Génova et al. (1988) mapped the
distribution  of  Scots  pine  forests  in  the
Sierra de Gredos, a work enhanced and up-
dated  some  years  later  (Génova  et  al.
2009).  Recently,  López-Sáez  et  al.  (2019)
provided very detailed, specific and current
information  on  the  different  sites  where
these stands are located. Though now re-
duced in  size,  the  past  extent  and  domi-
nance of these forests is  evident from the
abundant Pinus pollen in the palaeopalyno-
logical sequences for different localities in
the Sierra, as they also are from the dating
of the numerous macroremains discovered
therein  (López-Sáez  et  al.  2014,  2016,  Ru-
biales & Génova 2015).

A  number  of  studies  involving  dendro-
chronological  methods  have  provided  in-
formation on  P. sylvestris forests from dif-
ferent places within the Sierra de Gredos.
Covering the period 1923-1977, F. H. Schwe-
ingruber analysed the first tree-ring width
(TRW) data for the Sierra de Gredos (Inter-
national Tree-Ring Data Bank [ITRDB], code
SPAI058).  Later,  Richter  (1988,  Richter  et
al. 1991) built chronologies for this species
for the municipalities of Navarredonda de
Gredos  and  Hoyos  del  Espino  (ITRDB,
codes SPAI033 and SPAI034), as did García-

© SISEF https://iforest.sisef.org/ 171 iForest 15: 171-178

(1) Departamento de Sistemas y Recursos Naturales, Escuela de Ingeniería de Montes, 
Forestal y del Medio Natural, Universidad Politécnica de Madrid, C/Antonio Novais 10, 28040 
Madrid (Spain); (2) Departamento de Matemática Aplicada, Escuela de Ingeniería de Montes, 
Forestal y del Medio Natural, Universidad Politécnica de Madrid, C/Antonio Novais 10, 28040 
Madrid (Spain)

@@ Mar Génova (mar.genova@upm.es)

Received: Dec 22, 2020 - Accepted: Feb 22, 2022

Citation: Génova M, Ortega P, Sadornil E (2022). The effects of fire on Pinus sylvestris L. as 
determined by dendroecological analysis (Sierra de Gredos, Spain). iForest 15: 171-178. – 
doi: 10.3832/ifor3727-015 [online 2022-05-09]

Communicated by: Angelo Nolè

Research ArticleResearch Article
doi: doi: 10.3832/ifor3727-01510.3832/ifor3727-015

vol. 15, pp. 171-178vol. 15, pp. 171-178

http://www.sisef.it/iforest/contents/?id=ifor3727-015
mailto:mar.genova@upm.es


Génova M et al. - iForest 15: 171-178

Calvo (2004) and  Génova et al. (2009) for
Cuevas del Valle. Other tree-ring chronolo-
gies for pure Scots pine stands and for its
mixed forest with  Quercus pyrenaica – for
1839-2010  and  1844-2010,  respectively  –
have recently been recorded for Hoyocas-
ero (Gea-Izquierdo et al. 2015), and for Nav-
arredonda de Gredos for the period 1805-
2011 (Romero 2014).

Fire  can  damage  trees  to  different  ex-
tents  depending  on  how  the  crown  and
trunk are affected. Dendroecological analy-
sis  are commonly  used  to  estimate  the
harm caused to the growth of fire-surviving
trees, to establish the extent of fires, or to
draw up records of fires (Beghin et al. 2011,
Mclauchlan et al.  2020). The frequency of
fires has been determined via the dating of
scars when the cambium dies (Niklasson &
Granström 2000,  Swetnam & Baisan 2003,
Mclauchlan et al. 2020). However, this kind
of damage is not always evident and some-
times does not occur;  other data sources
(proxies)  that  can  indicate  the  distur-
bances caused by fire are therefore need-
ed. Among these, changes in radial growth
can be used, determined by measuring the
TRWs or determining the absence of tree
rings in surviving trees. Reductions in TRW
measurements, along with interruptions in
radial growth, can then be used to collate a
record of the fires to which a tree has been
exposed (Bond & Van Wilgen 1996, Ortloff
1996, DeBano et al. 1998, Beghin et al. 2011,
Battipaglia et al. 2014). In Spain, a number
of such studies have been undertaken us-
ing dendroecological techniques, including
those  of Vega-Hidalgo  (2000),  Fulé  et  al.
(2008),  Génova et al. (2008) and  Rozas et
al.  (2011),  and more  recently  those  of Al-
faro-Sánchez et al. (2018) and Camarero et
al.  (2018).  These  studies  dated  fire  scars,
absent tree rings, indicator rings (very nar-
row), and changes in the growth pattern,
to establish records and estimate the fre-
quency  and  geographical  extension  of
fires. However, the direct consequences of
known fires  have only  been examined by
Rozas et al. (2011) and Alfaro-Sánchez et al.
(2018).

In general,  the available palaeobotanical
data suggest P. sylvestris has suffered a re-
duction in its Iberian range since the late-
glacial  period.  This  fragmentation  of  the
original range has left marginal, relict pop-
ulations of great biological and ecological
importance, among the most vulnerable of

which  are  those  of  the  Sierra  de  Gredos
(Morla et al. 2009). Fire and the difficulty in
regeneration are major factors  of this vul-
nerability (Génova et al. 1988,  Morla et al.
2009, and field observations in this study).
Currently, the uncontrolled increase in the
number  of  Iberian  ibex  (Capra  pyrenaica
subsp.  victoriae)  is  all  but  preventing  P.
sylvestris stands  from  regenerating.  In-
deed, almost no saplings were located any-
where  in  the  study  area,  a  likely  conse-
quence of the ibex browsing. Although the
ibex almost  became locally  extinct  in the
20th century, the protection offered by the
Coto Real in 1905 (when just 10 individuals
were left), and the declaration of the Sierra
as a Regional Park and a Regional Hunting
Reserve in 1996, has allowed their popula-
tion to climb to over 8000 (Alados & Escós
2017).

The aims of the present work were: (i) to
examine  the  direct  effects  of  the  above-
mentioned forest fire occurred in July 2009
on  the  growth  of  surviving  P.  sylvestris
trees  at  the  La  Rubía  site,  using  dendro-
chronological  methods  and  dendrometic
evidence;  (ii)  to detect other former envi-
ronmental  disturbances  affecting  these
and other Scots pines across the Sierra de
Gredos;  and  (iii)  to  use  the  information
gathered to help document a regional and/
or local fire record. A better understanding
of  how fire  affects  tree  growth could  be
useful in plans to protect these threatened
pine forests.

Materials and methods

Study area and tree sampling
The La Rubía Scots pine forest study site

lies  within  the Sierra  de  Gredos Regional
Park (in the south of the Province of Ávila,
Spain) near the Puerto del Pico mountain
pass (1390 m a.s.l.  – Fig. 1). This pass is an
important natural connection between the
Northern and Southern Iberian  Mesetas; it
has been used since ancient times (Génova
et  al.  2009)  and  became  key  in  transhu-
mance  systems  (López-Sáez  et  al.  2016).
Human use of fire (which favoured the ap-
pearance of pasture)  and the commercial
logging of the larger Scots pine trees, have
together  modified the structure  and tree
density of this area, and of all  Scots pine
forests in the Sierra de Gredos (Génova et
al. 2009, López-Sáez et al. 2019).

This area was heavily damaged by a for-

est  fire  in  July  2009.  Its  geographical  ex-
tent was determined  via visual analysis of
aerial photographs taken before and after
the event (material provided by the Centro
de Descargas del CNIG,  https://www.centro
dedescargas.cnig.es –  Fig.  1).  The  current
status  and  distribution  of  the  surviving
trees indicate the severity of the fire; some
old  P.  sylvestris trees  remain,  along  with
some younger trees, although most show
scars or other evidence of fire damage. The
area also has many burnt remains (Fig. 2).

In November and December of 2018, den-
drochronological  samples  were  taken  us-
ing a Pressler borer from 23 surviving trees
(young and mature) at the La Rubía site (al-
titude 1600 m a.s.l.  – Fig. 1).  At least two
samples were taken from each tree, includ-
ing  samples  from  injured  parts  of  the
trunk.  Dendrometric  data  were  also  re-
corded for each tree, along with any exter-
nal evidence of fire damage.

Climate data
The meteorological records available for

the region (AEMET,  Agencia Estatal de Me-
teorología, Gobierno de España, 2021) were
compiled, but since they were discontinu-
ous and incomplete, mean annual tempera-
tures and total annual precipitations were
calculated for  the  1950-2020 period using
data from nearby meteorological  stations
(2818E,  2820,  2834,  3319D,  3405,  3407,
3416). These stations are located at differ-
ent altitudes, so each series of climate data
was standardized against their mean.  Val-
ues exceeding the standard deviation were
used to identify the most anomalous years
(Fig. 3).

Effects of the 2009 fire on the sampled 
trees

Borer  samples  were  prepared  and  sec-
tioned  for  the  visualization  of  tree  rings,
and the width of each ring determined to
within 1/100 mm using a LINTAB measuring
table.  The  synchronization  and  dating  of
the tree rings were determined by graphi-
cal  and statistical analysis  using TSAPWIN
(Rinn  2011)  and  COFECHA  (Holmes  1999)
software. To establish the effect of fire on
the  radial  growth  of  trees,  the  following
items were recorded: (i) anomalies in tree
growth,  including  scars,  and  incomplete
and/or absent rings for the two years fol-
lowing the fire (2010 and 2011); all were de-
tected during the synchronization process;
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Fig. 1 - (a) Location of the 
study area (red) in the Sierra 
de Gredos Regional Park 
(blue) within the Province of 
Ávila (green); (a) study area 
marked on an aerial photo-
graph taken in 2018 (http:// 
www.centrodedescargas. 
cnig.es) nine years after the 
fire. The red dots show the 
location of the sampled trees.
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(ii) narrower tree rings indicating negative
pointer years for the year of the fire and
the following year (2009 and 2010),  i.e., a
TRW differing by ≥ 20% from the mean for
the  examined  ring  plus  the  immediately
previous ring (Holmes 1992). Pointer years
were recognised as such when shown by
>75%  of  the  TRW  series  examined;  (iii)
growth changes from 2009, both in terms
of TRW and basal area increment (BAI). The
BAI was estimated as (eqn. 1):

(1)

where  Rt  and  Rt-1 are respectively the radii
corresponding to  the  end and  the  begin-
ning  of  the  annual  TRW  for  the  year  t
(Biondi  &  Qeadan 2008).  The percentage
growth  change  (GC)  was  determined  as
(eqn. 2):

(2)

where  M1 is the mean for  n years prior to
the fire, and M2 the mean of  n years after
the fire (Nowacki & Abrams 1997).  M1 and
M2 were calculated for 5 and 10 years, ac-
cording to  Nowacki  & Abrams (1997) and
Camarero et  al.  (2018).  The threshold  for
recognising a GC in a tree was a change of
≥25% (Nowacki & Abrams 1997), and ≥50%
for sets of trees (Gea-Izquierdo & Cañellas
2014).

Detection of other environmental 
disturbances in Scots pines of the Sierra
de Gredos

Other  environmental  disturbances  re-
flected  by  the  trees  at  the  La  Rubía  site
(this study), by the P. sylvestris TRW series
for the Sierra de Gredos compiled from the
ITRDB (codes SPAI033 and SPAI034),  and
from  García-Calvo  (2004),  Génova  et  al.
(2009) and Romero (2014), were also stud-
ied. For both the La Rubía and these raw
series, negative pointer years and growth
changes  were  recorded  using  the  same
methods indicated in the previous section,
in this case for the common period 1900-
2000.

Local  chronologies  were  obtained  by
standardizing  the  raw  series  with  spline
models  and  using  the  robust  mean,  em-
ploying ARSTAN software (Cook & Krusic
2008).  The  expressed  population  signal
(EPS) was determined for each of  the in-
dices  of  the  chronologies.  The  EPS  mea-
sures the statistical quality of the mean site
chronology  compared  to  a  perfect,  infin-
itely  replicated  chronology  (Wigley  et  al.
1984); a value of >0.85 is the minimum re-
quired  for  selecting  a  representative  pe-
riod. For such periods, the intercorrelation
(IT  – Holmes 1999) and the cross-date in-
dex (CDI) between the chronologies were
calculated to determine their cross correla-
tion.  The CDI combines the standard Stu-
dent  t values  with  the  sum  of  the  equal
slope intervals (Rinn 2011).

The common negative pointer  years  for
the chronologies were determined accord-

ing to  Génova  et  al.  (2009),  i.e.,  through
the growth indices  that  decreased in  the
way described above and through the re-

ductions  by  one or  more standard devia-
tions  with  respect  to  the  mean  for  the
chronology.
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Fig. 2 - (a)  View of the La Rubía site with dead (but standing) trees, and some sur-
vivors; (b) a surviving tree with over 50% of its crown lost; (c) tree with a large scar
caused by a fire dating back to 1975.

Fig. 3 - Differences in mean annual precipitation (DMAP, green bars) and total annual
temperature (DTAT, red bars) with respect to the mean for the meteorological series
of data analysed. The driest and warmest years (exceeding the standard deviation)
are shown in the lower and upper parts of the graph, respectively.
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Results

Effects of the 2009 fire
During synchronization and dating,  data

from one tree was rejected (samples too
damaged);  data  for  22  trees  were  there-
fore used in the following analyses (Tab. 1
and  Tab.  2).  The  estimated  radius  of  the
trunk and the  maximum number of  rings
were very variable, ranging from 14 to 55
cm  and  31  to  211  rings,  respectively.  The

mean TRW of each tree also varied widely,
from 1.47 mm in the oldest tree to 6.56 mm
in a  young tree (Tab.  1).  Nine years after
the fire, external evidence of the damage
was  still  visible,  including  wounds,  scars
and  other  traces  revealing  the  trunk  to
have partially  burned (seen in 59% of  the
examined trees), crown defoliation of 20-
50% (seen in 36%), and difficulties in devel-
opment  due  to  having  to  sustain  the
weight of burned and fallen trees,  or the

exposure of roots due to post-fire erosion
(Tab. 1).

Some  41%  of  the  studied  trees  showed
narrower rings in 2009, as did 86% in 2010.
In addition, four trees formed no rings or
incomplete rings in 2010 and/or 2011 (Tab.
2). Some 64% of the trees showed a signifi-
cant, negative GC for the TRW series over
the 5 years from 2009, as did 59% in BAI se-
ries (Tab. 2 and Fig. 4). These percentages
were similar to those returned when exam-
ining the 10 years since the fire (68% and
55%  respectively).  Those  trees  for  which
growth was significantly affected suffered
a mean reduction of  46% in  TRW,  and of
44% in BAI, over the five years since the fire,
and of 40% and 35%, respectively, over the
10 years since the fire (Tab. 2). In general,
the trees that suffered the greatest exter-
nal  damage  showed  a  large  reduction  in
growth,  although  in  some  cases  a  GC of
over  40%  was  seen  with  no  or  little  evi-
dence of external damage (Tab. 1 and 2).

Other disturbances detected
According  to  the  dated  fire  scars,  two

fires occurred at the La Rubía site before
2009: one in 1941 and one in 1975 (see Fig. 2
lower right, and  Fig.  4).  Moreover,  taking
into  account  the  TRW  series  obtained  in
the  present  and  previous  studies  (García-
Calvo  2004,  Génova  et  al.  2009)  for  the
same  area,  two  negative  pointer  years
were identified: 1941 and 1960 (detected in
87% and 95% of  TRW series,  respectively).
The GC values corresponding to 1941, 1960
and 1975 were significant only over the 5
years from 1960 (64% of trees).

In  the  additional  TRW  series  of  P.  sylv-
estris examined  (SPAI033,  SPAI034  and
NAVA – Fig. 5), negative pointer years were
detected for 1913 (99% of the TRW series),
1951 (77%) and 1981 (76%). The GC was nega-
tive and significant from 1913  to 1923  for
65% of trees.

Four index chronologies were established
from  the  TRW  series  examined  (Tab.  3).
The chronology for Cuevas del Valle (CUEV)
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Tab. 1 - Characteristics of the trees sampled at the La Rubía site. (ER): estimated trunk
radius;  (MSL):  maximum  sample  length;  (MNR):  maximum  number  of  tree-rings;
(MTRW): mean TRW.

ID External evidence ER
(cm)

MSL
(mm)

MNR MTRW
(mm)

Time
span

RU01 fallen tree over trunk 53.34 402.76 177 2.28 1842-2018

RU02 fallen tree over crown 21.82 194.86 44 4.43 1975-2018

RU03 fire scar, 50% crown defoliated 14.33 107.4 42 2.56 1977-2018

RU04 fire scar, 30% crown defoliated 32.48 223.68 79 2.83 1940-2018

RU05 fire scar, 30% crown defoliated 25.64 196.8 62 3.17 1957-2018

RU06 old fire scar 35.03 299.49 156 1.92 1863-2018

RU07 fire scar 18.31 138.97 53 2.62 1966-2018

RU08 fire scar, 30% crown defoliated 41.08 270.32 144 1.88 1875-2018

RU09 30% crown defoliated, roots exposed 19.11 151.58 37 4.10 1982-2018

RU10 fire scar 21.5 165.58 38 4.36 1981-2018

RU11 30% crown defoliated, roots exposed 17.04 116.52 31 3.76 1988-2018

RU12 none 28.98 229.66 35 6.56 1984-2018

RU13 20% crown defoliated 31.37 217.86 42 5.19 1977-2018

RU14 old fire scar 37.58 198.66 77 2.58 1942-2018

RU15 none 55.25 338.12 148 2.28 1871-2018

RU16 20% crown defoliated 49.52 311.07 211 1.47 1808-2018

RU17 none 22.93 152 34 4.47 1985-2018

RU18 fire scar 29.3 271.65 50 5.43 1968-2017

RU19 fire scar 25.8 209.11 54 3.87 1965-2018

RU20 fire scar 43.95 277.91 118 2.36 1901-2018

RU21 fire scar 24.04 289.01 147 1.97 1872-2018

RU23 fire scar 20.54 172.91 59 2.93 1960-2018
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Tab. 2 - Tree-ring anomalies and growth changes for the trees sampled at the La Rubía site. (NR 09/10): narrower rings in 2009 and/
or 2010; (a) absent or incomplete ring in 2010; (b): absent or incomplete ring in 2011; (GCW5): percentage change in tree-ring width
over 5 years from 2009; (GCW10): percentage change in tree-ring width over 10 years; (GCB5): percentage change in basal area over
5 years; (GCB10): percentage change in basal area over 10 years; (*): indicates non-significant change.

ID NR 09/10 GCW5 GCW10 GCW5 GCW10 ID NR 09/10 GCW5 GCW10 GCW5 GCW10

RU03 no/yesab -74.21 -63.09 -71.33 -55.08 RU17 yes/yes -38.63 -44.74 -29.53 -26.70

RU14 yes/yes -60.34 -49.97 -58.94 -46.93 RU09 yes/yes -28.40 -31.97 -23.02* -18.11*

RU01 no/yesab -57.84 -44.79 -57.27 -43.16 RU16 no/yes -26.19 -22.85* -25.39 -21.24*

RU02 no/yes -55.16 -45.00 -51.25 -37.10 RU04 no/yesa -24.38* -25.11 -21.25* -19.35*

RU13 yes/yes -47.80 -45.53 -44.90 -39.77 RU08 yes/no -20.95* -29.66 -18.75* -26.31

RU19 no/yesa -47.35 -41.18 -43.36 -32.35 RU23 yes/yes -18.90* 4.96* -12.11* 25.59

RU12 no/yes -46.70 -42.78 -39.81 -25.08 RU06 yes/no -6.67* 10.67* -5.69* 13.07*

RU05 yes/yes -44.60 -38.09 -41.64 -31.16 RU20 no/yes -5.47* -2.13* -2.69* 3.13*

RU10 yes/yes -41.67 -40.77 -36.10 -27.52 RU15 no/no -2.09* 18.63* -0.65* 22.49*

RU18 no/yes -39.04 -29.78 -35.42 -21.35* RU11 no/yes 7.55* -2.20* 25.10 37.95

RU21 no/yes -39.02 -29.49 -37.37 -25.93 RU07 no/yes 38.32 32.16 57.59 71.26
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on the south side of  the Sierra collects a
long TRW series for the La Rubía site (from
the present  work)  and from  the work of
García-Calvo  (2004) and  Génova  et  al.
(2009). The four chronologies obtained are
all representatives of the period 1900-1985,
with  the  NAVA  chronology  extending  to
2005  and  the  CUEV  chronology  to  2000.
The three chronologies established for the
northern  part  of  the  Sierra  de  Gredos
(SPAI033,  SPAI034  and  NAVA)  showed
both  high  cross-correlation  values  and  IT
values (Fig. 5,  Tab. 3). However, the chro-
nology  for  the  southern  slope  (CUEV)
showed a lower IT with respect to the lat-
ter chronologies (in fact below the accep-
tance  threshold  of  0.33  indicated  by
Holmes 1999). However, the minimum val-
ue  of  10  for  the  CDI  (Rinn  2011)  was
reached  in  all  cases,  allowing  all  four
chronologies  to  be  considered  synchro-
nised.

During the 1900-1985 common represen-
tative  period  of  the  chronologies  for  the
northern  side  (SPAI033,  SPAI034  and

NAVA),  four  negative  pointer  years  were
detected:  1913,  1950,  1951  and  1965.  The
narrower ring for 1913 was also followed by
a negative and significant  GC for the next
10 years. In contrast, the CUEV chronology
(from the southern side) showed negative
pointer years for 1941-1942 and 1960-1963,
the  first  two  coinciding  with  fire  scars
dated to 1941. The period 1960-1963 was a
period of very much narrower TRWs, with

1960  returning  the  lowest  chronology  in-
dices (Fig. 6). A significant, negative GC was
also detected for 1960-1965. In general, the
main environmental disturbances detected
on  the  opposite  sides  of  the  mountain
range  did  not  match,  although  the  1996
negative pointer year was identified in the
longest  CUEV  (south)  and  NAVA  (north)
chronologies (Fig. 6).
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Tab. 3 - Available TRW series and chronologies for Pinus sylvestris in the Sierra de Gre-
dos. (MA): mean altitude; (NT): no. of trees; (NS): no. of TRW series; (EPS): expressed
population signal; (IT): intercorrelation for the period 1900-1985; (*): 9 trees from the
2018 sampling and 12 trees from previous samplings.

ID Latitude
(N)

Longitude
(W)

MA
(m)

NT/ NS Time span Time span
EPS>0.85

IT

SPAI033 (ITRDB) 40.33 -5.17 1465 12/ 25 1812-1985 1900-1985 0.63

SPAI034 (ITRDB) 40.33 -5.13 1470 12/ 26 1769-1985 1900-1985 0.75

NAVA 40.35 -5.11 1500 32/ 68 1805-2011 1900-2005 0.75

CUEV 40.31 -5.02 1600 21*/ 45 1761-2018 1900-2000 0.19

Fig. 4 - Tree-ring width series (TRW) for
the La Rubía site for the period 1900-

2018. (a) TRW and (b) basal area incre-
ments (BAI). Grey lines, individual series;

red lines, means for the TRW and BAI
series showing a reduction in growth
over the five years since the fire. Red

oval: indicates a steep growth change
since 2009. Black arrows indicate dates

for fire scars before 2009 (1941 and
1975).

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

Fig. 5 - Location of Pinus sylvestris popu-
lations for which chronologies were

established in the Sierra de Gredos
range. The values between the chrono-

logies are the cross-date index values
for 1900-1985.
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Discussion
The high mountain forests of Pinus sylves-

tris in the Sierra de Gredos, including those
located  in  the  Regional  Park,  have  been
strongly  affected,  both  in  terms  of  their
structure and extension,  by  anthropic  ac-
tivity.  Indeed,  they have been reduced to
small relict woods and stands over the last
2000  years,  mainly  due  to  an  increase  in
the frequency of fires. The devastating fire
of 2009 wiped out most of the remaining
pines over a vast area of the Sierra; nearly
all  the  survivors  show  external  traces  of
fire damage.

Studies  on  P.  sylvestris in  northern Italy
(Beghin et al. 2011), and on P. canariensis on
the  island of  Tenerife  (Rozas  et  al.  2011),
show  that  incomplete  and  absent  tree
rings, such as those noted in the present
work, are clear signs of a tree having suf-
fered  the  effects  of  fire.  While  some au-
thors indicate growth to be increased after
a fire (Py et al. 2006,  Alfaro-Sánchez et al.
2018),  especially  for trees growing in arid
and  semi-arid  areas,  other  studies  report
that  surviving trees  may experience a  re-
duction in growth (Peterson et al. 1991, El-
liott et al. 2002, Beghin et al. 2011, Rozas et
al.  2011,  Guiterman et al.  2015),  or even a
mixed  response  (Peterson  et  al.  1994,
Mutch & Swetnam 1995). Such growth in-
creases might be explained by the reduced
competition for water and nutrients after a
fire,  while  the  smaller  photosynthetic  ca-
pacity resulting from crown damage might
cause reductions in growth. The extent of
growth reduction might be expected to re-
flect fire frequency and/or the severity of
damage suffered.

The present results indicate a marked and
generalized reduction in growth after the
2009 fire. The significant, negative changes
in  growth since this  year,  as reflected by
both the TRW and BAI data (not very differ-
ent from each other), lasted for at least 10
years after the fire. They are also compara-
ble to the results reported by Beghin et al.
(2011) for  P. sylvestris,  and very similar (in
terms of the percentage of damaged trees

and the degree and duration of growth re-
duction) to those reported by  Peterson et
al. (1991) for  Pseudotsuga menziesii and Pi-
nus  contorta.  In  addition,  the  negative
pointer  years recorded in the TRW series
for the year of the fire and later – also used
in dendroecological studies on the effects
of  forest  fires  by  Niklasson  &  Granström
(2000),  Beghin  et  al.  (2011),  and  Alfaro-
Sánchez et al. (2018) – are here shown to
be  determinant  in  identifying  the  conse-
quences  of  fire  in  P.  sylvestris.  Finally,  it
should be noted that none of the discussed
findings appears to be related to any par-
ticularly anomalous climatic conditions be-
tween 2009 and 2010; the climate data ana-
lysed revealed no such anomalies existed
(Fig. 3).

While keeping this  dendroecological  evi-
dence of the effects of fire in mind, other
evidence of disturbances prior to 2009 was
sought  in  the TRW series  available for  P.
sylvestris across  the  larger  region.  The
chronologies  for  the  north  side  of  the
Sierra de Gredos synchronise well with one
another and provide evidence of different
events  compared  to  the  south  side.  In-
deed, the major disturbances that affected
tree-growth on the two sides of the Sierra
were often different. In part this is because
the  Sierra  de  Gredos  forms  a  huge  oro-
graphic barrier running east to west, which
accentuates its action as a climatic and eco-
logical frontier. On the north side, the year
1913 was the only negative pointer year to
coincide with a negative GC in all the exam-
ined series and chronologies,  indicating a
possible forest fire. However, the 1950-1951
negative pointer years were not followed
by growth changes; the climatic conditions
over  this  two-year  period  (precipitation
and  temperature  below  and  above  aver-
age, respectively – Fig. 3) could have acted
as  a  driver  of  growth  reduction.  On  the
south  side,  the  fire  scars  from  1941  and
1975,  and  the  1941-1942  negative  pointer
years,  perhaps  indicate  small  local  fires,
even  though  no  more  conspicuous  evi-
dence was detected. The 1960-1963 period

was  also  one  of  narrower  TRWs;  in  fact,
they were the smallest of the entire period
of the south-side chronology (Fig. 6). How-
ever,  significant  changes  in  tree  growth
were only seen until  1965.  The anomalies
detected  in  1940-1945  and  1960-1965  on
the south side of the Sierra coincide with
the  negative  pointer  years  identified  for
the entire Sistema Central by the chronolo-
gies  of  P.  sylvestris and  P.  nigra (Génova
2000). In addition, the 1942 and 1996 nega-
tive pointer years have recently been iden-
tified in P. nigra chronologies from different
sites in the Sierra de Gredos (Camarero et
al. 2018), and in the present work the 1996
negative pointer year was also detected in
the longest chronologies for both sides of
the  Sierra.  These  negative  pointer  years
and periods might be related to adverse cli-
matic episodes for the region (droughts in
the early 1960s, 1975, and 1990s – Fig. 3), or
for  the  Iberian  Peninsula  as  a  whole
(droughts suffered in the 1960s and 1990s
– Vicente-Serrano 2006,  González-Hidalgo
et al. 2018).

Evidence of other fires is also provided by
the  P.  nigra trees  of  the  region.  In  the
chronology  for  Arenal  (south  side  of  the
Sierra de Gredos), an abrupt reduction or
halt  in  growth  is  indicated  by  the  large
number of incomplete or absent tree rings
since  1926,  especially  for  1927  and  1928
(prolonged in some trees until 1950 – Gén-
ova  et  al.  2008,  2009).  Camarero  et  al.
(2018) also  reported  a  relationship  be-
tween  the  negative  pointer  years  deter-
mined for the P. nigra chronologies and the
increase seen in historical fires for the re-
gion at the end of the 19th century, particu-
larly  during  the  1880s  and  1890s.  These
fires  seem to have coincided with  the in-
crease in droughts, as seen for some peri-
ods in the present study.

Conclusions
Dendroecological  analyses  revealed  the

effects of a 2009 forest fire on the radial
growth of P. sylvestris in the Sierra de Gre-
dos; these effects are unrelated to any par-
ticularly  adverse  climatic  conditions.  Al-
most 70% of the analysed trees showed no-
table growth reduction since 2010, includ-
ing  old  and  young  trees,  and  those  with
and without external evidence of fire dam-
age.  In some trees,  incomplete or absent
rings were also detected.

The  major  disturbances  revealed  by  the
TRW  series  and  the  chronologies  for  P.
sylvestris did not coincide for the north and
south sides of the Sierra. Indeed, the differ-
ing synchrony of the chronologies reveals
the trees on either side to have been sub-
ject to different environmental conditions.
Evidence of  a  possibly  local  forest  fire  in
1913 was found for the trees on the north
side. Other local forests fires may also have
occurred  on  the  south  side  (in  1941  and
1975),  although  other  evidence  suggests
the trees may have been responding to ad-
verse climatic conditions.

The  present  results  could  be  useful  in
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Fig. 6 - Chronologies of tree-ring indices for P. sylvestris in the Sierra de Gredos. Grey
lines: local chronologies; blue line: mean chronology for the north side. Blue vertical
lines indicate the negative pointer years common to the chronologies of the north
side.  Magenta vertical  line indicates  the  negative  pointer  year  in  the two longest
chronologies.  Magenta stars mark the negative pointer years for the CUEV chronol-
ogy (south side of the Sierra).
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plans  to  protect  the  relict  woodland and
stands of  P. sylvestris in the Sierra de Gre-
dos.  Given their  great  biological  and eco-
logical  value,  their  vulnerability  to  forest
fires, and the regeneration difficulties they
face  (owed  not  least  to  the  browsing  of
saplings by ibex) suggest they should be-
come an urgent focus of conservation and
environmental management.

List of abbreviations
ITRDB: International Tree-Ring Data Bank;

TRW: tree-ring width; BAI: basal area incre-
ment; GC: growth change; EPS: expressed
population signal; IT: intercorrelation; CDI:
cross-date index.

Acknowledgements
PO and MG carried out the field work; PO

carried out the dendrochronological  mea-
surements  and  preliminary  data  analysis;
ES  performed  the  statistical  analysis  and
contributed  with  comments  to  the  initial
text; MG conceived the study and drafted
the manuscript. This research was partially
funded  by CSO2015-65216-C2-2-P  Research
Project.

This work is dedicated to our friend and
colleague  Fernando  Gómez  Manzaneque,
who passed away during the execution of
this work. As a tribute to his stature as a
teacher  and researcher,  we offer  the  fol-
lowing  paragraph  written  by  him  (here
translated) from the book  Los Bosques de
Gredos  a  través  del  Tiempo (2009):  “This
publication  cannot  be  deemed  complete
without a public  and heartfelt  expression
of gratitude towards those who with their
efforts,  and  sometimes  with  their  lives,
have fought the fires that have threatened
these  forest  gems.  It  is  their  dedication
that has so often saved the trees described
in this book. Even as these lines were being
penned, the forests of Puerto del Pico and
the  centuries-old  trees  of  La  Rubía  were
burning.”

References
Alados CL, Escós J (2017). Cabra montés [Iberian

ibex]  -  Capra  pyrenaica.  In:  “Enciclopedia  Vir-
tual de los Vertebrados Españoles” (Salvador A,
Barja I eds). Museo Nacional de Ciencias Natu-
rales,  Madrid,  Spain,  pp.  32.  [online]  URL:
http://digital.csic.es/bitstream/10261/112585/5/ca
ppyr_v7.pdf

Alfaro-Sánchez R, Camarero JJ, Sánchez-Salgue-
ro R, Trouet V, De las Heras J (2018). How do
droughts  and  wildfires  alter  seasonal  radial
growth in Mediterranean Aleppo pine forests?
Tree Ring Research 74 (1): 1-14. -  doi:  10.3959/
1536-1098-74.1.1

Battipaglia G, Micco V, Fournier T, Aronne G, Car-
caillet C (2014). Isotopic and anatomical signals
for interpreting fire-related responses in  Pinus
halepensis. Trees 28: 1095-1104. - doi: 10.1007/s0
0468-014-1020-3

Beghin R, Cherubini P, Battipaglia G, Siegwolf R,
Saurer M, Bovio G (2011). Tree-ring growth and
stable  isotopes (13C and  15N) detect  effects of
wildfires on tree physiological processes in  Pi-
nus  sylvestris L.  Trees  25  (4):  627-636.  -  doi:

10.1007/s00468-011-0539-9
Biondi F,  Qeadan F (2008).  A theory-driven ap-

proach to tree-ring standarization: defining the
biological  trend  from expected  basal  area  in-
crement.  Tree Ring Research 64:  81-96. -  doi:
10.3959/2008-6.1

Bond WJ, Van Wilgen BW (1996). Fire and plants.
Chapman and Hall, London, UK, pp. 263.

Camarero JJ, Sangüesa-Barreda G, Montiel-Moli-
na C, Seijo F, López-Sáez JA (2018). Past growth
suppressions as proxies of fire incidence in re-
lict  Mediterranean  black  pine  forests.  Forest
Ecology and Management 413: 9-20. - doi: 10.101
6/j.foreco.2018.01.046

Cook ER, Krusic PJ (2008). A tree-ring standard-
ization program based on detrending and au-
toregressive time series modeling, with interac-
tive graphics (ARSTAN). Tree-Ring Laboratory,
Lamont-Doherty  Earth  Observatory,  Columbia
University, Palisades, NY, USA.

DeBano LF, Neary DG, Ffolliott PF (1998). Fire’s
effect  on ecosystems.  Wiley,  New York,  USA,
pp. 333.

Elliott KJ, Vose JM, Clinton BD (2002). Growth of
eastern white pine (Pinus strobus L.) related to
forest floor consumption by prescribed fire in
the  southern  Appalachians.  Southern  Journal
of Applied Forestry 26: 18-25. - doi: 10.1093/sjaf/
26.1.18

Fulé  PZ,  Ribas  M,  Gutiérrez  E,  Vallejo  R,  Kaye
MW (2008). Forest structure and fire history in
an old Pinus nigra forest, eastern Spain. Forest
Ecology and Management 255 (3-4): 1234-1242. -
doi: 10.1016/j.foreco.2007.10.046

Galiana L (2012).  Las interfaces urbano foresta-
les:  un  nuevo  territorio  de  riesgo  en  España
[The wildland-urban interface: a new risk prone
area in Spain]. Boletín de la Asociación de Geó-
grafos Españoles 58: 205-226. [in Spanish]

García-Calvo D (2004). Dendrocronologías de ro-
dales  relictos  y  maderas  subfósiles  de  Pinus
sylvestris L. y Pinus nigra Arnold en la Sierra de
Gredos  (Ávila)  [Dendrochronologies  of  relict
stands and subfossil woods of Pinus sylvestris L.
and  Pinus nigra Arnold in the Sierra de Gredos
(Ávila)].  Proyecto  Fin  de Carrera,  Universidad
Politécnica, Madrid, Spain, pp. 164. [in Spanish]

Gaussen H (1949).  L’influence du passé dans la
repartition des Gymnospermes de la Péninsule
Iberique. Comptes Rendus du Congres Interna-
tional de Geographie, Lisbonne 2: 805-825. [in
French]

Gea-Izquierdo G, Cañellas I (2014). Local climate
forces instability in long-term productivity of a
Mediterranean  oak  along  climatic  gradients.
Ecosystems 17 (2): 228-241. - doi: 10.1007/s10021-
013-9719-3

Gea-Izquierdo G, Montes F, Gavilán RG, Cañellas
I, Rubio A (2015). Is this the end? Dynamics of a
relict  stand  from  pervasively  deforested  an-
cient Iberian pine forests. European Journal of
Forest Research 134: 525-536. - doi: 10.1007/s103
42-015-0869-z

Génova  M,  Gómez-Manzaneque  F,  Regato  P
(1988). Sobre los pinares relictos de la sierra de
Gredos (Ávila) [A study of the relict pine stands
of  the  Sierra  de  Gredos  (Ávila,  Spain)].  In:
“Actes Simposi Internacional de  Botánica Pius
Font i Quer”. Fanerogàmia 2: 439-442. [in Span-
ish]

Génova M (2000). Anillos de crecimiento y años

característicos  en el  Sistema Central  (España)
durante  los  últimos  cuatrocientos  años  [Tree
rings and pointer years of the Sistema Central
(Spain) in the last four hundred years]. Boletín
de la Real Sociedad española de Historia Natu-
ral 96 (1-2): 33-42. [in Spanish]

Génova M, García-Calvo D, Maldonado FJ, Rubia-
les JM (2008). Tree rings and fire in an Iberian
stand  of  Pinus  nigra subsp.  salzmannii.  Geo-
physical Research Abstracts 10: 08535. [online]
URL:  http://oa.upm.es/2319/1/INVE_MEM_2008
_54882.pdf

Génova  M,  Gómez-Manzaneque  F,  Morla  C
(2009).  Los  bosques  de  Gredos  a  través  del
tiempo [The forests  of Gredos through time].
Junta de Castilla y León, Valladolid, Spain, pp.
319. [in Spanish]

González-Hidalgo JC, Vicente-Serrano SM, Peña-
Angulo  D,  Salinas  C,  Tomas-Burguera  M,  Be-
guería S (2018).  High-resolution spatio-tempo-
ral analyses of drought episodes in the western
Mediterranean basin (Spanish mainland, Iberi-
an Peninsula). Acta Geophysica 66 (3): 381-392.
- doi: 10.1007/s11600-018-0138-x

Guiterman CH, Margolis EQ, Swetnam TW (2015).
Dendroecological  methods  for  reconstructing
high-severity fire in pine-oak forests. Tree Ring
Research 71: 67-77. - doi: 10.3959/1536-1098-71.2.
67

Holmes RL (1992). Dendrochronology program li-
brary.  Installation and program manual.  Labo-
ratory of Tree-Ring Research, University of Ari-
zona, Tucson, AZ, USA, pp. 51.

Holmes  RL  (1999).  Users  manual  for  Program
Cofecha.  Laboratory  of  Tree-Ring  Research,
University of Arizona, Tucson, AZ, USA.

López-Sáez JA, Abel D, Pérez S, Blanco A, Alba F,
Dorado M, Ruiz B, Gil MJ, Gómez C,  Franco F
(2014). Vegetation history, climate and human
impact in the Spanish Central System over the
last 9,000 years. Quaternary International 353:
98-122. - doi: 10.1016/j.quaint.2013.06.034

López-Sáez JA, Alba Sánchez F, Robles López S,
Pérez Díaz S, Abel Schaad D, Sabariego Ruiz S,
Glais A (2016). Exploring seven hundred years
of transhumance, climate dynamic, fire and hu-
man activity through a historical mountain pass
in central  Spain.  Journal  of Mountain Science
13: 1139-1153. - doi: 10.1007/s11629-016-3885-7

López-Sáez  JA,  Alba  Sánchez  F,  Sánchez-Mata
DS, Luengo EL (2019). Los pinares de la Sierra
de  Gredos  [The  pine  forests  of  the  Sierra  de
Gredos]. Diputación de Ávila,  Ávila,  Spain,  pp.
361. [in Spanish]

Mclauchlan KK, Higuera PE, Miesel J, Rogers BM,
Schweitzer J, Shuman JK, Tepley AJ, Varner JM,
Veblen TT, Adalsteinsson SA, Balch JK, Baker P,
Batllori E, Bigio E, Brando P, Cattau M, Chipman
ML,  Coen J,  Crandall  R,  Daniels  L,  Enright  N,
Gross  WS,  Harvey BJ,  Hatten JA,  Hermann S,
Hewitt  RE,  Kobziar  LN,  Landesmann  JB,  Lo-
ranty MM, Maezumi SY,  Mearns L,  Moritz  M,
Myers  JA,  Pausas  JG,  Pellegrini  AF,  Platt  WJ,
Roozeboom J, Safford H, Santos F, Scheller RM,
Sherriff  RL,  Smith  KG,  Smith  MD,  Watts  AC
(2020).  Fire as a fundamental ecological proc-
ess: research advances and frontiers. Journal of
Ecology 108 (5):  2047-2069. -  doi:  10.1111/1365-
2745.13403

Morla  C,  Bermejo  E,  Génova  M,  Gómez-Man-
zaneque F, Martínez F, Postigo JM, Rubiales JM

iForest 15: 171-178 177

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

http://digital.csic.es/bitstream/10261/112585/5/cappyr_v7.pdf
http://digital.csic.es/bitstream/10261/112585/5/cappyr_v7.pdf
https://doi.org/10.1111/1365-2745.13403
https://doi.org/10.1111/1365-2745.13403
https://doi.org/10.1111/1365-2745.13403
https://doi.org/10.1007/s11629-016-3885-7
https://doi.org/10.1016/j.quaint.2013.06.034
https://doi.org/10.3959/1536-1098-71.2.67
https://doi.org/10.3959/1536-1098-71.2.67
https://doi.org/10.1007/s11600-018-0138-x
http://oa.upm.es/2319/1/INVE_MEM_2008_54882.pdf
http://oa.upm.es/2319/1/INVE_MEM_2008_54882.pdf
https://doi.org/10.1007/s10342-015-0869-z
https://doi.org/10.1007/s10342-015-0869-z
https://doi.org/10.1007/s10021-013-9719-3
https://doi.org/10.1007/s10021-013-9719-3
https://doi.org/10.1016/j.foreco.2007.10.046
https://doi.org/10.1093/sjaf/26.1.18
https://doi.org/10.1093/sjaf/26.1.18
https://doi.org/10.1016/j.foreco.2018.01.046
https://doi.org/10.1016/j.foreco.2018.01.046
https://doi.org/10.3959/2008-6.1
https://doi.org/10.1007/s00468-011-0539-9
https://doi.org/10.1007/s00468-014-1020-3
https://doi.org/10.1007/s00468-014-1020-3
https://doi.org/10.3959/1536-1098-74.1.1
https://doi.org/10.3959/1536-1098-74.1.1


Génova M et al. - iForest 15: 171-178

(2009). Singularidad, paleobiogeografía y prob-
lemática de conservación de los pinares de  P.
sylvestris en  la  península  Ibérica  [Singularity,
paleobiogeography and conservation problems
of P. sylvestris pine forests in the Iberian Penin-
sula] In: “IV Congreso Biología de la Conserva-
ción de Plantas”. Almería (Spain) 15-18 Septem-
ber 2009, poster. [online] URL: https://oa.upm.
es/5547/ [in Spanish]

Mutch  LS,  Swetnam  TW (1995).  Effects  of  fire
severity and climate on ring-width growth of gi-
ant  sequoia  after  fire.  In:  Proceedings  of  the
Symposium “Fire in Wilderness and Park Man-
agement: Past Lessons and Future Opportuni-
ties” (Brown JK, Mutch RW, Spoon CW, Waki-
moto RH  eds).  General  Technical  Report  INT-
GTR-320, USDA Forest Service, Rocky Mountain
Research Station, Fort Collins, CO, USA, pp. 241-
246.

Niklasson M, Granström A (2000). Numbers and
sizes of fires: longterm spatially explicit fire his-
tory in a Swedish boreal landscape. Ecology 81:
1484-1499.  -  doi:  10.1890/0012-9658(2000)081
[1484:NASOFL]2.0.CO;2

Nowacki  GJ,  Abrams MD (1997).  Radial-growth
averaging  criteria  for  reconstructing  distur-
bance  histories  from  presettlement  -  origin
oaks. Ecological Monographs 67 (2): 225-249. -
doi:  10.1890/0012-9615(1997)067[0225:RGACFR]
2.0.CO;2

Ortloff W (1996). Wood-anatomical evidence of
fire  seasonality.  In:  “Tree-rings,  Environment,
and Humanity” (Dean JS, Meko DM, Swetnam
TW  eds).  Radiocarbon  1996,  Department  of
Geosciences, University of Arizona, Tucson, AZ,
USA, pp. 89-93.

Palacios T (2013). Fuentes documentales para el
estudio  de  los  incendios  forestales  en  Ávila
[Documentary sources for the study of forest
fires in Ávila]. In: “Presencia Histórica del Fuego
en el  Territorio” (Montiel C ed). Ministerio de
Medio  Ambiente  y  Medio  Rural  y  Marino,
Madrid, Spain, pp. 155-175. [in Spanish]

Peterson DL, Arbaugh MJ, Pollock GH, Robinson
LJ (1991). Postfire growth of Pseudotsuga men-

ziesii and Pinus contorta in the Northern Rocky
Mountains, USA. International Journal of Wild-
land Fire 1 (1): 63-71. - doi: 10.1071/WF9910063

Peterson DL, Sackett SS, Robinson LJ, Haase SM
(1994).  The  effects  of  repeated  prescribed
burning  on  Pinus  ponderosa  growth.  Interna-
tional Journal of Wildland Fire 4: 239-247. - doi:
10.1071/WF9940239

Py C, Bauer J, Weisberg PJ, Biondi F (2006). Ra-
dial growth responses of singleleaf pinyon (Pi-
nus  monophylla)  to  wildfire.  Dendrochronolo-
gia 24: 39-46. - doi:  10.1016/j.dendro.2006.05.0
03

Richter  K  (1988).  Dendrochronologische  und
dendroklimatologische  untersuchungen  and
kiefern (Pinus  sp.)  in  Spanien [Dendrochrono-
logical  and  dendroclimatological  studies  on
pine trees (Pinus sp.) in Spain]. PhD thesis, Uni-
versität  Hamburg,  Germany,  pp.  296.  [in  Ger-
man]

Richter K, Eckstein D, Holmes RL (1991). The den-
drochronological signal of pine trees (Pinus sp.)
in  Spain.  Tree-Ring  Bulletin  51:  1-13.  [online]
URL:  http://repository.arizona.edu/handle/1015
0/262302

Rinn F (2011). TSAP Win. Time series analysis and
presentation for dendrochronology and related
applications.  Version  4/64  for  Microsoft  Win-
dows: User Reference. Web site.  [online] URL:
https://rinntech.info/products/tsap-win/

Romero P (2014). Estudio dendrocronológico de
Pinus sylvestris L. en el monte n° 98 de Navar-
redonda de Gredos (Ávila) [Dendrochronologi-
cal study of  Pinus sylvestris L. in mount 98 of
Navarredonda  de  Gredos  (Ávila)].  Trabajo  Fin
de Carrera, Universidad Politécnica de Madrid,
Madrid, Spain, pp. 97. [in Spanish]

Rozas V, Pérez-De-Lis G, García-González I, Aré-
valo  JR  (2011).  Contrasting  effects  of  wildfire
and climate on radial growth of Pinus canarien-
sis on windward and leeward slopes on Tener-
ife,  Canary  Islands.  Trees  25:  895-905.  -  doi:
10.1007/s00468-011-0564-8

Rubiales  JM,  Génova  M  (2015).  Late  Holocene
pinewoods  persistence  in  the  Gredos  Moun-

tains  (central  Spain)  inferred  from  extensive
megafossil  evidence.  Quaternary Research  84
(1): 12-20. - doi: 10.1016/j.yqres.2015.04.006

Swetnam TW, Baisan CH (2003). Tree-ring recon-
structions  of  fire  and  climate  history  in  the
Sierra Nevada and southwestern United States.
In: “Fire and Climatic Change in Temperate Eco-
systems of the Western Americas” (Veblen TT,
Baker WL, Montenegro G, Swetnam TW eds).
Springer,  New  York,  USA,  pp.  158-195.  -  doi:
10.1007/0-387-21710-X_6

Vázquez De La Cueva A (2016).  Incendios fore-
stales en la España peninsular (1974-2010): aná-
lisis  temporal  espacial  desde  una  perspectiva
ecológica [Forest fires in mainland Spain (1974-
2010): spatial temporal analysis from an ecolog-
ical perspective]. Monografías INIA, Serie Fore-
stal no. 29, Instituto Nacional de Investigación
y Tecnología Agraria y Alimentaria - INIA, Mad-
rid, Spain, pp. 203. [in Spanish]

Vega-Hidalgo  JA  (2000).  Resistencia  vegetativa
ante el fuego a través de la historia de los in-
cendios [Vegetative resistance to fire through
the history of fires]. In: “La Defensa Contra In-
cendios Forestales” (Vélez R ed). McGraw-Hill,
Madrid, Spain, pp. 467-485.

Vicente-Serrano SM (2006). Spatial and temporal
analysis  of  droughts  in  the  Iberian  Peninsula
(1910-2000).  Hydrological  Sciences  Journal  51:
83-97. - doi: 10.1623/hysj.51.1.83

Wigley TML, Briffa KR, Jones PD (1984). On the
average value of correlated timeseries, with ap-
plications in  dendroclimatology and hydrome-
teorology. Journal of Applied Meteorology and
Climatology 23: 201-213. - doi:  10.1175/1520-0450
(1984)023<0201:OTAVOC>2.0.CO;2

Willkomm  M  (1896).  Die  vegetation  der  erde.
Grundzüge  del  pflanzen  verbreitung  auf  der
Iberischen  Halbinsel  [The  vegetation  of  the
earth. Main features of the plant distribution in
the Iberian Peninsula]. Verlag von Wilhelm En-
gelmann,  Leipzig,  Germany,  pp.  424.  [in  Ger-
man]

178 iForest 15: 171-178

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

https://doi.org/10.1175/1520-0450(1984)023%3C0201:OTAVOC%3E2.0.CO;2
https://doi.org/10.1175/1520-0450(1984)023%3C0201:OTAVOC%3E2.0.CO;2
https://doi.org/10.1623/hysj.51.1.83
https://doi.org/10.1007/0-387-21710-X_6
https://doi.org/10.1016/j.yqres.2015.04.006
https://doi.org/10.1007/s00468-011-0564-8
http://repository.arizona.edu/handle/10150/262302
http://repository.arizona.edu/handle/10150/262302
https://doi.org/10.1016/j.dendro.2006.05.003
https://doi.org/10.1016/j.dendro.2006.05.003
https://doi.org/10.1071/WF9940239
https://doi.org/10.1071/WF9910063
https://doi.org/10.1890/0012-9615(1997)067%5B0225:RGACFR%5D2.0.CO;2
https://doi.org/10.1890/0012-9615(1997)067%5B0225:RGACFR%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B1484:NASOFL%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B1484:NASOFL%5D2.0.CO;2
https://rinntech.info/products/tsap-win/
https://oa.upm.es/5547/
https://oa.upm.es/5547/

	The effects of fire on Pinus sylvestris L. as determined by dendroecological analysis (Sierra de Gredos, Spain)
	Introduction
	Materials and methods
	Study area and tree sampling
	Climate data
	Effects of the 2009 fire on the sampled trees
	Detection of other environmental disturbances in Scots pines of the Sierra de Gredos

	Results
	Effects of the 2009 fire
	Other disturbances detected

	Discussion
	Conclusions
	List of abbreviations
	Acknowledgements
	References


