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a  b  s  t  r  a  c  t

The  European  Dendroecologial  Fieldweek  (EDF)  provides  an  intensive  learning  experience  in tree-ring
research  that  challenges  any  participant  to explore  new  multidisciplinary  dendro-sciences  approaches
within  the context  of  field  and  laboratory  settings.  Here  we  present  the  25th  EDF,  held  in Asturias,  NW
Spain,  in  summer  2014.  The  course,  with  33  participants  and  10 instructors  from  18  countries  included
advanced  training  in  dendrochronology  skills,  an  overview  of  tree-ring  broad  fields  and  methodological
basics  to  deal  with  specific  research  questions  as well  as  applied  advanced  micro-projects  in dendroar-
chaeology  (DAR),  dendroclimatology  (DCL),  dendrogeomorphology  (DGM),  forest  dynamic  (FD)  and  plant
anatomy  (PA).  The  results  demonstrated  the potential  of  tree-ring  research  in  the  Asturias  region.  The  DAR
group  researched  archaeological  samples  from  different  contexts  (Oviedo  cathedral  choir  stalls,  Segovia
cathedral  roof  timbers,  Ribadeo  shipwreck  ship  timbers  and  Bronze  Age site  charcoal)  and  explored  the
supply  of wood  in different  periods.  The  DCL  group  established  that the  Quercus  robur  and  Castanea  sativa
ring-width  measurements  show  weak  climate-growth  correlations,  where  for  many  trees  this  is likely
caused  by  management.  The  strength  of  the climatic  signal  could  be enhanced  using undisturbed  settings.
The  DGM  group  found  that  Corylus  avellana  and  Salix  spp.  are  challenging  species  for  dendrogeomorpho-
logical  studies.  Debris-flow  events  were  detected  by  the  presence  of tension  wood,  growth  reduction  and
scars, and  their incidences  were  also supported  by local  meteorological  data.  The  FD  group  found  that
tree  growth  decreases  with  increasing  competition,  a pattern  more  pronounced  in C. sativa  than  in Pinus
sylvestris  forest  plantations.  The  results  indicate  that wood  production  could  be increased  by  applying
thinning  treatments  on  C. sativa.  The  PA group  showed  that  xylem  conduits  and  phloem  area  are  orga-
nized  according  to the  common  needs  for water  supply  to leaves  and  obtain  photosynthetic  products,
regardless  site  growing  conditions  for P. sylvestris  and  Tusilago  farfara.  In  conclusion,  this  EDF  has  been
a  model  for  interdisciplinary  research  and international  collaboration  that has  demonstrated  that  high-
quality  research  and  education  can  be  conducted  within  one  week.  The  EDFs  provide  an  important  service
to  the  dendrochronological  community  and demonstrate  the  usefulness  of  this educational-scientific  and
multi-cultural  experience.

© 2017  Elsevier  GmbH.  All  rights  reserved.

. History and concept of the European Dendroecological
ieldweek (EDF)

The Dendroecological Fieldweeks were designed to provide
n intensive learning experience in tree-ring research that chal-
enges participants to explore new approaches of multidisciplinary
endro-sciences within the context of a specific field and labora-
ory settings (Speer et al., 2006, 2017; Touchan et al., 2013). The
ourses have filled an important niche because they teach den-
rochronology to scientists who do not have access to the few
eaching tree-ring classes around the world. Dr. Fritz Schweingru-
er at the Swiss Federal Institute for Forest, Snow and Landscape
esearch WSL  launched this concept in the 1980s in Europe and
as organized twenty international dendroecological fieldweeks
See Table A1 Appendix A1). After his retirement, Kerstin Trey-
te and David Frank (both WSL) continued its organization in
urope (Fig. 1a), combining traditional and recent methods in den-
rochronology together with local organizers.

The main goals of the EDF are to sharpen and broaden the den-
rochronology skills of the participants, stimulate ideas for future
endrochronological research, foster collaboration and network-

ng amongst tree-ring researchers around the world. Participants
ave the opportunity to achieve an overview to the broad field of
ree-ring research and methodological basics to deal with specific
esearch questions, to learn new research fields, to improve knowl-
dge through discussion and scientific exchange and, last but not
east, experience intercultural exchange and fun.

Every year the topics of the EDF try to cover an ample spectrum
f dendrochronological issues and foster cross-disciplinary links.
ach topic includes keynote lectures by the organizers and instruc-
ors, fieldwork, sample preparation and tree-ring data analyses in
mall project groups. In addition, the participants are encouraged to

In this educational-scientific paper, we  specifically report about
the 25th EDF activities and scientific results. This event was  con-
ducted as a joint event of the WSL  and CETEMAS (Andrea Hevia),
IPE-CSIC (J. Julio Camarero) and UPO-IPE-WSL (Raúl Sánchez-
Salguero), covering dendrochronological issues on archaeology,
chemistry, climate, ecology, geomorphology and plant anatomy.

2. Structure of the 25th EDF in NW Spain

The 25th EDF was held from 31 August to 6 September 2014,
in Oviedo (Asturias region, NW Spain) hosted at the Educational
Foundation of Asturian Miners (FUNDOMA; www.fundoma.org)
including 33 participants and 10 instructors from altogether 18
countries based on Institutions (Fig. 1b).

Participants and instructors jointly decided on five disciplines:
Dendroarchaeology (DAR), dendroclimatology (DCL), dendrogeo-
morphology (DGM), forest dynamic (FD) and plant anatomy (PA)
(Fig. 2). Each group project examined hypotheses to be addressed
with dendrochronological data, keeping in mind the short time
frame available for sample collection and analysis (Fig. 3). Partici-
pants received training in fundamentals of sampling techniques,
equipment maintenance, site selection geared to specific objec-
tives; and also fieldwork experience was  conducted on each group
(Table 1). Moreover, introductory lectures and laboratory exercises
covered the fundamentals of tree-ring research, including different
sample preparation methods depending on the conservation state
of the wood and group material, as well as cross-dating and dif-
ferent tree-ring measurement systems (Stokes and Smiley, 1968;
Baillie, 1982). Depending on the specific methodological needs
of the group, participants had access to specific tree-ring mea-
surement systems (Fig. 3): i) binocular microscopes and moving
resent their own research for discussion with organizers, instruc-
ors and colleagues. At the end of the week each group present their
esults, with an ample opportunity for discussion about each group
roject.
stage table LINTAB equipped with TSAPWin program (Rinntech,
2014), ii) scanning of high-resolution images with the free soft-
ware ImageJ (http://rsb.info.nih.gov/ij/docs/guide/index.html), iii)

http://www.fundoma.org
http://www.fundoma.org
http://www.fundoma.org
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
http://rsb.info.nih.gov/ij/docs/guide/index.html
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ig. 1. (a) Locations of European Dendroecological Fieldweeks from 1981 to 2016
hoto.

mage analyses with the application software WinDendroTM
Regent Instruments, 2014) and iv) scanning with the software
Dendro and CooRecorder (Larsson, 2013). Later lectures and lab-

ratory exercises dealt with computer-assisted quality-control of
ating and measurement with COFECHA (Holmes, 1983; Grissino-
ayer, 2001), development of site chronologies with ARSTAN (Cook

nd Holmes, 1999), investigation of seasonal climate signals in
articipants demography (Host Institutions) in red group leaders and (c) the group

tree-rings with the software Dendroclim2002 (Biondi and Waikul,
2004), treeclim (Zang and Biondi, 2015) and different R packages for
statistical analyses (R Development Core Team, 2014). Additional

techniques and softwares were introduced in the context of each
individual group project (see details below; Fig. 3).

As the scientific culmination and highlight of the 25th EDF all
groups presented their activities and findings to a broad audience
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bbreviations: Alto de la llama (AL), Castellón Alto (CA), Dendroarchaeology (DAR), 

ynamic (FD), Infiesto (IF), Plant anatomy (PA), Ribadeo (RB), Segovia (SE) and Tine

ncluding the other participants, lecturers, local officials and forest
anagers, and researchers.

. Case studies of the group projects

The study sites were located in different areas of Asturias and
pain following the specific objectives of each group (Fig. 2b). The
ourse had access to various web-based tools and database for for-
st data, botanical, climatological, geological and archaeological
nalysis, and to historical and documentary records of environmen-
al and urban changes archived in local libraries in Asturias.

.1. Dendroarchaeology group (DAR)

The main objective of the DAR group was to study the supply
f timber for different applications (prehistoric dwellings, art-
istorical objects, roof structures, and shipbuilding) in the Bronze
ge and during the Early Modern Period, following a two-step
pproach: identifying the wood species, and carrying out tree-ring
nalyses afterwards to determine the date and provenance of wood.
pecial emphasis was given to wood preparation methods and sta-

istical cross-dating. Selected research objects were: i) choir stalls
rom Oviedo Cathedral; ii) roof timbers from Segovia Cathedral; iii)
imbers from the Ribadeo shipwreck; and iv) charcoal samples from
he Bronze Age settlement of Castellón Alto (Galera).
ias region); (b) Asturias study sites for each group project (see codes in Table 1).
oclimatology (DCL), Dendrogeomorphology (DGM), Fana de Genestaza (FG), Forest

3.1.1. Choir stalls at Oviedo Cathedral (DAR-OV)
The Cathedral of San Salvador (Oviedo, Asturias; Fig. 2b) was

built between 1382 and 1528 (De Caso Fernández, 1981; García
de Castro Valdés and Ríos González, 1996; Labra-González, 2006).
The choir stalls, made between 1492–1497 C.E. (Teijeira Pablos,
1988), were partially destroyed during several events and restored
in 1980 (Ara Gil, 1993). The objective was to determine the species
and provenance of wood. The parts selected represented mostly
carved planks corresponding to the back and sides of the stalls.
The group carefully inspected the transverse ends of the different
planks (Fig. 4a) in which a small portion of the transverse surface
(ca. 1 mm2) was  cleaned with sharp scalpel blades on inconspicuous
parts (Fig. 4a) to observe the wood structure. Wood anatomical fea-
tures were photographed at high-resolution. The group identified
all elements as walnut (Juglans regia). Though this species is unsuit-
able for historical dendrochronology due to its prolonged history
of human cultivation and its susceptibility to insect attack and fun-
gal degradation (Miller, 1999), which hampers the development of
long-span reference chronologies for dating or provenancing, wal-
nut is particularly abundant in Asturias (MAGRAMA) and then it is
very likely that wood was obtained from this region.
3.1.2. Roof structure of Segovia Cathedral (DAR-SE)
The construction began in 1525 C.E. and the central nave was

completed around 1550 C.E. (Cortón de las Heras, 1997). Following
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ig. 3. Learning Flows in 25th EDF. Abbreviations: Dendroarchaeology (DAR), De
natomy (PA).

isbon’s earthquake on 1 November 1755 C.E., the roof structure
f the nave began to subside and had to be reinforced with sup-
orting timbers (STs). As the date of these works was unknown, the
bjective was to date these STs. For this, six samples previously col-

ected by the group leader and TRYCSA restoration company in the
rame of the ForSEAdiscovery project (www.forseadiscovery.eu)

ere analyzed (Fig. 4b). One cross-section belonged to a tie-beam,
our others were full cross-sections from STs used to reinforce
he roof, and a sixth sample was half cross-section taken from a
leeper beam of the only window in the roof. All samples were
dentified as Pinus sylvestris/Pinus nigra, which are very similar
n wood anatomical features (Schweingruber, 1990; Rodríguez-
robajo, 2008). A wide line (2–5 mm)  was cleaned from pith to bark
long 2–3 radii on the transverse section using scalpel knives. Tree-
ing series were measured, cross-dated internally in PAST4 version
.3.1021 (SCIEM), and then averaged (Fig. 4b). The mean individ-
al series were then cross-dated. These steps revealed that the four
Ts had been cut in the same year (Fig. 4). The presence of bark in
he samples allowed establishing the cutting season of the trees:
pring or early summer based of the lack or presence of latewood
racheids, respectively. This indicates that logging activities were
arried out throughout the year. Those trees were likely growing in
he Guadarrama forests, but cross-dating with local pine chronolo-
ies (available at the ITRDB) did not result in the absolute dating
f the STs. This could be explained by a combination of the relative
hort length of the tree-ring series (41, 58, 59 and 82 tree-rings),
he low replication of the mean curve (four series), and the possi-
ly variable growth conditions at different elevations in the nearby
ountains (Gea-Izquierdo et al., 2014) since all reference chronolo-

ies represent tree growth at the timberline. The window sleeper
id not cross-dated with the STs nor with the tie-beam, but an abso-

ute date was found for this timber in the year 1771 C.E. with the
eference chronologies. The latewood tracheids indicated that tree

ave been cut between the late summer of 1771 and the begin-
ing of 1772 C.E. The strong match with the P. nigra chronology
PAI068 (r = 0.55, Student’s t = 7.56, Percentage of parallel variation
limatology (DCL), Dendrogeomorphology (DGM), Forest dynamic (FD) and Plant

(Gl) = 65.1 for an overlap of 119 tree-rings), and the lack of signif-
icant matches with P. sylvestris, suggests that the window sleeper
corresponds to the former species.

3.1.3. Ribadeo shipwreck (DAR-RB)
In 2011, during dredging operations in the access channel to the

harbor of Ribadeo (Lugo, NW Spain, Fig. 2), a shipwreck was found.
Constructive features suggest that it corresponds to a 16th cen-
tury ship, possibly a Spanish galleon (San Claudio Santa Cruz et al.,
2014). This wreck site has high scientific and historic interest, as
it is the best preserved shipwreck from that century ever found in
Spain. In 2012, 29 samples were retrieved for wood identification
and dendrochronological research (Fig. 4c). Fourteen samples had
more than 70 tree-rings (i.e., Quercus subg. Quercus, Picea abies/Larix
decidua, P. sylvestris/P. nigra, Abies alba). However, none of the sam-
ples could be dated since the date and provenance of the wood
remains was  unknown (San Claudio Santa Cruz et al., 2014). Aim-
ing at carrying out a hands-on exercise with air-dried waterlogged
samples, seven samples of different species were selected for the
DAR group participants to get acquainted with i) identification of
species by wood anatomical features in transverse, radial and tan-
gential thin-sections, ii) preparation of samples using razor blades
and applying chalk powder, iii) measuring of tree-ring series on
digital images using CooRecorder, and iv) cross-dating using as
reference the measurements taken in 2012 (Fig. 4c). Participants
shared their expertise identifying wood anatomical features that
led to the identification of the species, and cross-checked their
on-screen measurements and with the reference tree-ring series.
Research on this shipwreck is still ongoing within the ForSEAdis-
covery project (Domínguez-Delmás et al., 2013).

3.1.4. Bronze Age settlement of Castellón Alto (DAR-CA)
This archaeological site has been thoroughly studied since the
first excavation took place in 1918 C.E. (www.museodegalera.es).
M.O. Rodríguez-Ariza, archaeobotanist and DAR group participant,
has been working in the past years with wood remains of this
site (Rodríguez-Ariza and Ruiz-Sánchez, 1995) (Fig. 2a) and made

http://www.forseadiscovery.eu
http://www.forseadiscovery.eu
http://www.forseadiscovery.eu
http://www.museodegalera.es
http://www.museodegalera.es
http://www.museodegalera.es
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amples Bronze Age site Castellón Alto.

vailable charcoal samples (mostly branches of small diameter) to
he DAR group (Fig. 4d). The objective was to prepare the char-
oal for species and tree-rings identification. In collaboration with
A group, microsections of the charcoals (transverse surface) were
btained after mounting them on small fragments on cork sup-
orts and applying an epoxy resin on the surface. Charcoal samples
ere identified as Atriplex halimus and tree-rings were absent a

ommon feature in Mediterranean shrubs (Schweingruber et al.,

013). Given that this species is commonly found in the area of the
tudy settlement, it is very likely that charcoals were obtained from
ranches of shrubs around the site.
ating parameters by PAST software; (c) Ribadeo shipwreck samples; (d) Charcoal

3.2. Dendroclimatology group (DCL)

The study area was  located in Infiesto (IF) (Eastern Asturias;
Fig. 2), in a mixed forest dominated by oak (Quercus robur L.) and
sweet chestnut (Castanea sativa Mill.), with some Fagus and Betula
spp. (Table 1). Annual rainfall is about 956 mm and mean annual
temperature is 10.4 ◦C (AEMET, 2014). The geological substrates
are mainly shale and sandstone. Soils are relatively homogeneous,

usually acid and predominantly humic typic dystrudept cambisol.
The DCL group explored how sensitive sweet chestnut/oak forests
are to climate variability in NW Spain. The research questions were:
i) to which climatic parameters are Q. robur and C. sativa most sen-
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Fig. 5. DCL outcome: (a) Residual tree-ring width chronologies. Responses functions calculated between Q. robur (b) and C. sativa (c) indexed tree-ring widths and monthly
climatic  variables: mean temperature and precipitation. Correlation coefficients between Q. robur (d) and C. sativa (e) residual indices and potential evapotranspiration, cloud
cover  and vapour pressure deficit. Correlation coefficients were calculated considering months previous to (abbreviated by lower-case letters) or during the year of tree-ring
f relatio
r es: mo
c –2012
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t
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r
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ormation (abbreviated by upper-case letters). Dark grey bars show significant cor
esidual tree-ring width indices for C. sativa and selected monthly climate variabl
oefficients were calculated for 30-year periods lagged by 1 year for the period 1967

itive?, ii) Do Q. robur and C. sativa respond similarly to climate?, iii)
an Q. robur and C. sativa be used to reconstruct past temperature
ariability in NW Spain? The study design included sampling of
ree cores from both dominant species in IF, Q. robur (37 trees) and
. sativa (20 trees) and development of ring-width site chronolo-
ies (Fig. 5a). The inter-series correlations were significant (Q. robur

 = 0.45 for period 1879–2014 and C. sativa r = 0.45 for 1932–2014).
he DCL group used the CRU TS 3.1 gridded climate data (0.5 × 0.5

esolution) produced by the Climate Research Unit (Mitchell and
ones, 2005) for mean monthly temperature and precipitation,
loud cover, water pressure deficit and potential evapotranspira-
ion. The latter was calculated following Hargreaves and Samani
ns at P < 0.01; (f) Moving correlations (Pearson’s coefficients) calculated between
nths previous to (year t-1) or during the year of tree-ring formation (year t). The
. The ticks along X-axis show the mean value of the corresponding 30-year interval.

(1985) for the period 1901–2013. To assess the quality of tree-ring
width series several dendrochronological statistics (Fritts, 2001)
were calculated considering the period 1930–2014 (Table 1): first-
order autocorrelation of raw ring-width data (AC), mean sensitivity
(MS) of indexed growth values, mean correlation between trees
(rbt), signal to noise ratio (SNR), variance accounted for by the
first principal component (PC1) and the expressed population sig-
nal (EPS), which measures the statistical quality of the mean site

chronology compared with a perfect infinitely replicated chronol-
ogy (Wigley et al., 1984). To quantify climate-growth relationships,
tree-ring widths were converted into residual indices after remov-
ing the age-related trend using the program ARSTAN (version 4.4)
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(Cook and Krusic, 2005). Tree-ring indices were obtained by divid-
ing the observed by the expected values, which were calculated by
testing linear, negative exponential, 10- and 32-year spline func-
tions. Autoregressive modelling was  then performed on these series
to remove the majority of the first-order temporal autocorrela-
tion. Finally, a biweight robust mean was  computed to average
the individual series and to produce mean residual chronologies of
residual tree-ring width indices for each species. Analysis (program
Dendroclim2002 and treeclim) of the better-replicated and least
problematic of these chronologies (residual version) revealed that
the chronologies have a weak and complicated seasonal climate
signal: Q. robur growth was  positively correlated with previous
September temperature in the year prior to the year of tree-growth
and positively correlated with current January vapour pressure
deficit (Figs. 5b and 5d) (Rozas et al., 2009). In contrast, C. sativa
growth was  positively correlated with temperature and precip-
itation in January and contrasting positive/negative with April
temperature/precipitation (Fig. 5c). The correlation with tempera-
ture increased from the late 1970s onwards, particularly in C. sativa
(Fig. 5c). Accordingly, January to April average temperature (T) was
selected as a reconstruction target only in C. sativa,  and the DCL
group proceeded to generate a temperature reconstruction for the
period 1930–2014 (Fig. 5f). Despite the great uncertainty in recon-
structed temperature (regression R2 = 0.19), some reconstructed
features were found to be consistent with documentary records of
unusually cold or hot years. However, the overall conclusion of the
DCL group was that there were some problems in sample replica-
tion and site selection due to the fact that the trees were not limited
by a single climatic factor and the forest had been managed.

3.3. Dendrogeomorphology group (DGM)

The DGM group studied the debris-flow activity in “Fana de
Genestaza” (FG) (Tineo area, Western Asturias) (Figs. 2 b, 6 a left;
Table 1) (Schulz, 1858; Jiménez-Sánchez et al., 1996). The location
includes an active mountain torrent representative for geomor-
phological processes in the Cantabrian Mountains, where frequent
phenomena of debris floods are generated and transferred, and
in which sediment load plays a fundamental role (Díez-Herrero
et al., 2009). The catchment covers approximately 1.5 km2 and
extends over 650 m altitudinal distance. The average slope in the
main channel is 10◦ (range: 8–18◦). The catchment is above Cambro
Ordovician quartzites stretching in NS direction and with vertical
dips (Fig. 6a). The torrential debris-flow events in FG are controlled
both by the rainfall regime and the volume of available material in
the catchment area (Jiménez-Sánchez et al., 1996; Santos-Alonso,
2010). The main objective of the DGM group was to gain insight
into the temporal dimension of these processes as well as their
climatic triggers and subsequent effects on the frequency of occur-
rence. The group focused on these goals: i) testing the potential
of the main species in ripparian forests, common hazel (Corylus
avellana) and Salix spp. for dendrogeomorphological studies and,
ii) testing the potential for a spatio-temporal reconstruction of
debris-flow activity in FG using standard dendrogeomorphologi-
cal tools (Alestalo, 1971; Stoffel and Corona, 2014). The DGM  group
explored the following hypotheses: i) common hazel is a useful
species for dendrochronological analyses, ii) debris-flow events
could be detected by the presence of tension wood in bended stems,
iii) coverage of the basal part of the stems by sediment should
result in growth reduction, and iv) debris-flow events cause stem
injuries, which persist for years as scars at the cambium. The study
region is characterized by Atlantic climate with rainstorms, mild

summers and long temperate winters. Average annual precipita-
tion is 1252 mm with maximum rainfall in March, April, October,
November and December (AEMET, 2014). More than 50 disturbed
trees – with presence of scars, tilting, lost apical leaders or exposed
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Fig. 6. DGM outcome: (a) General view of the debris-flow activity in “Fana de Genestaza” (FG) (Tineo area, Western Asturias) (left), sampling procedures, disturbed wooden
sampled disks and wood anatomical preparation of scars (right); (b) Event-response histograms showing flash-flood induced growth responses from the sampled C. avellana
t hrode
r o Octo
c

r
b
c
i
u
s
t

rees.  Bars indicate the percentage of trees responding to an event based on the Sc
econstructed events according to the likely seasonal correspondence from April t
ontrasted by historical archives.

oots in the stream banks or buried trees – located along the stream
anks and/or on the fan were sampled with increment borers or
ollecting stem discs (Fig. 6a right) following standard procedures
n dendrogeomorphology (Stoffel and Corona, 2014). In parallel,

ndisturbed trees were also sampled along the catchment out-
ide the debris-flow area for building a reference chronology of
he site and to identify pointer years for a reliable and precise
r (1978) index value (It); (c) Three-day average precipitation thresholds related to
ber. Arrows indicate average precipitation thresholds corresponding with events

cross-dating with disturbed trees (Ballesteros-Cánovas et al., 2015).
In addition, thin-sections from tree specimens were prepared for
anatomy analysis by a sledge microtome and stained according
Gärtner and Schweingruber (2013) to identify injures by debris-

flows events (i.e., tension wood, missing and wedging rings). After
sample preparation and cross-dating, a flash-floods diagnostic fea-
tures were observed after 1995 when sample depth was higher than



endroc

1
n
t
I
s
t
g
t
f
g
i
8
h
i
r
2
r
y
t
(
c
s
r
o
t
s
t
w
f
w
a
g
b
b
e
2
l

3

r
t
a
(
1
T
a
t
t
m
g
c
d
c
(
w
p
A
t
g
b
r
f
a
o

R. Sánchez-Salguero et al. / D

0 disturbed trees (Fig. 6b and c). For the separation of flood sig-
als from noise related to other external processes affecting trees,
he group applied the It index value as defined by Schroder (1978):
t = (

∑
i
n

= 1Rt/
∑

i
n

= 1At) × 100% where (R) is the number of trees
howing growth disturbances in the event year (t), and (A) is the
otal number of sampled trees alive in the year (t). In addition, the
roup also visually analyzed the spatial distribution of the affected
rees along the channel and their relationship with geomorphic
eatures. The group found that 10% of the samples had abrupt
rowth changes indicating geomorphologic events (i.e., decreas-
ng growth) and competition reduction (i.e., growth release), only
% of the samples showed tension wood due to tilting, and 70%
ad scars associated with local injuries. Based on the number and

ntensity of reactions as well as the sample depth available for each
econstructed year, the computed It index ranks between 3.4 and
4.1% (Fig. 6b). The resulting flash flood chronology allowed the
econstruction of four main events at the FG site in the last twenty
ears (Fig. 6b). The most significant events, in terms of It values,
ook place in 2009 (It = 24.1%), 2010 and 2012 (It = 20.7%) and 1998
It = 20.0%) (Santos-Alonso, 2010) (Fig. 6b). The hydrometeorologi-
al analysis of reconstructing flash floods from potential triggering
ituations with the highest accumulated daily rainfall precipitation
ecorded throughout the year, allowed a realistic calendar-dating
f last flash floods (see above It references). Analysis of rainfall
hresholds related to the likely triggers of reconstructed events
howed differences in precipitation, which could be related to win-
er storms (Fig. 6c). The DGM group observed that autumn and
inter flash floods were clearly characterized by higher total rain-

all than those occurring in spring or summer. The thresholds for
inter events were 40 mm for the 3-day rainfall (Fig. 6c). C. avellana

nd Salix spp. present in FG are a challenging species for dendro-
eomorphological studies. Tension wood in Salix and reaction to
urying were not useful to detect/reconstruct debris-flow events
ut it was useful in C. avellana. Mainly scars were found robust and
fficient and enabled detecting water flow events in 2009/2010,
010/2011 and 2012/2013, with their incidence also supported by

ocal meteorological data.

.4. Forest dynamic group (FD)

The group focused on two locations in the Western Asturias
egion (Fig. 2c): Alto de la Llama (AL), a mixed wood produc-
ion forest dominated by sweet chestnut (Castanea sativa Mill.)
nd oak (Quercus robur L.); and Tineo (TI), a nearby Scots pine
Pinus sylvestris L.) plantation (Table 1). Mean annual rainfall is
003 mm and mean annual temperature 13.5 ◦C (AEMET, 2014).
he geological substrates are mainly shale and sandstone. Soils
re relatively homogeneous, usually acid and predominantly humic
ypic dystrudept cambisol. The FD group explored hypotheses con-
rasting growth responses and competition dynamics in pine vs.

ixed chestnut-oak forests. The goals were: i) to reconstruct tree
rowth dynamics, ii) to compare growth rates and responses to
limate of C. sativa and P. sylvestris, and iii) to make recommen-
ations for forest management. The field strategy consisted of
ollecting core samples from two randomly selected square plots
20 m × 20 m),  one at AL and the other at TI (Table 1). All trees
ith diameter at 1.3 m height (Dbh) greater than 5 cm in these

lots were tagged, mapped, cored and their Dbh was  measured.
 total of 40 and 25 trees were sampled at AL and TI, respec-

ively. Basal Area Increments (BAI) were analyzed to explore the
rowth trends and climate responses. BAI is often seen as a more
iologically meaningful descriptor of growth trends than only tree-

ing widths (Biondi and Qeadan, 2008). The BAI was  calculated
rom tree-ring widths as the difference between consecutive basal
reas using the equation BAI = � (R2

t–R2
t -1), where R is the radius

f the tree and t is the year of tree-ring formation. Stand struc-
hronologia 42 (2017) 80–93 89

ture and a distance-dependent competition index (Hegyi, 1974)
were explored to understand competition-based forest dynamics
(Sánchez-Salguero et al., 2015). Spatial statistic was used to char-
acterize the spatial growth patterns and as a surrogate of spatial
growth dynamics (Fig. 7a), and the mean BAI-competition relation-
ship was  calculated for the last ten years’ average. Trees from the TI
plot were older and had larger diameters than those located at AL
(Table 1; Fig. 7b). The stand density was higher at the AL plot than at
TI, despite the three sites showed contrasting stand structures with
regard to species (Fig. 7a). The group found that, as expected, BAI
decreases with increasing competition, higher in chestnut than in
pine forests (Fig. 7c), and that a recent climate trend toward warmer
and drier conditions had a negative impact on growth, particularly
in September of the current year (Fig. 7d and e) (Rozas et al., 2015).
The group’s suggestion to local forest managers would be to modify
the chestnut stand structure by thinning treatment to increase the
wood production.

3.5. Plant anatomy group (PA)

The PA group worked at two study sites: 1) at Fana de Genestaza
(FG), (see DGM group chapter for details) and 2) at a P. sylvestris
plantation in Tineo (TI) (see FD group chapter) (Fig. 2; Table 1).
The PA group explored the potential of stem anatomical investiga-
tions by describing the plant structure and function relationships
in perennial herb (Tusilago farfara L.), and tree (P. sylvestris). The
research questions were: i) What are the main differences in the
anatomical structures between the two plant functional groups?,
ii) Do plants adapt their xylem hydraulic diameter to environmen-
tal conditions? and iii) Can anatomical features be used to explain
specific plant structures and hydraulic behavior? At the FG site
the group collected the whole plants of T. farfara grown on sandy
soil along the FG stream (Fig. 8a). Half of the collected plants were
exposed to wet growing conditions. The rest was  collected 2 m apart
on top of a sand deposit growing in dryer conditions. Wood discs
were collected from a P. sylvestris tree along different heights of the
stem and branches were selected and cut along the trunk from the
light exposed area (Fig. 8a). Microsections were prepared and image
analyses were performed using ImageJ on cross-sections of the two
species (Fig. 8b). Preparation of slides followed standard methods
(cf. Chaffey, 2002; Gärtner and Schweingruber, 2013; Gärtner et al.,
2015). The group cut 15–20 �m thin transverse sections with a GSL-
1 microtome (Gärtner et al., 2014) and applied the double staining
procedure. Pictures of the microsections were taken at 40–100 x
magnification with a light microscope (Olympus BX 51) equipped
with a digital camera at the University of Oviedo. For each sample,
images for the xylem of the outermost ring were taken, focused on
the earlywood where the bigger conduits are found, and images
of the phloem were taken as well. In addition, leaves and needles
for each species were scanned to estimate leaf surface area. Images
were edited to enhance the contrast and polished from staining
residuals or cell contents before the analysis with ImageJ, for the
estimate of the cell and leaves/needles parameters. For both the
outermost xylem ring and the non-collapsed phloem region, the
averaged hydraulic conduit diameter (Dh) was assessed (Kolb and
Sperry, 1999). For total leaf are calculations, five methods were
tested against the perimeter of the needle cross-section. The group
also used properties such as the number of leaves, or the num-
ber of tracheids/vessels in stem and leaves. Besides that, tissue
properties such as xylem/phloem and leaf tracheid/vessel area, leaf
area, mean tracheid/vessel diameter and hydraulic diameter were
investigated to provide answers to research questions. Anatomi-

cal analyses of xylem conduits, tracheids in P. sylvestris and vessels
in T. farfara,  and phloem sieve cells revealed that both transporta-
tion networks are organized according to the basipetal widening of
conduits (Anfodillo et al., 2013; Petit and Crivellaro, 2014) (Fig. 8c).
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Fig. 7. FD outcome: (a) Spatial patterns for each plot: Tineo forest (TI) (red-C. sativa;  black-Q. robur; green-P. radiata; blue-Ilex aquifolium) and Alto de la Llama (AL) (green-P.
sylvestris;  black-Quercus spp.); (b) Frequency of tree size data structure (Dbh, diameter at breast height) of sampled plots; (c) Relationships between the competition index
and  the Basal Area Increment (BAI) of trees in the four study species present in the plots considering the time period 1990–2013; (d) Average Basal Area Increment trends
and  cambial age for the main specie in each plot; Correlation coefficients calculated between C. sativa; (e) and P. sylvestris; (f): Basal Area Increment and monthly climatic
variables: precipitation (left graph) and mean temperature (right) calculated considering the year of tree-ring formation (from January to December). Red bars shown
s this fi
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t
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into the geographical origin of the wood and the use of local tim-
ber resources. Although the climate signal in tree-ring widths of
the sampled trees is weak, and for many trees likely distorted
ignificant correlations at P < 0.01. (For interpretation of the references to colour in 

he tissue properties analyses showed that pith area proportional
o the distance of the sampling point to plant apex was signifi-
antly larger for the herb in contrast to phloem and xylem areas
hat were larger in trees (Fig. 8d). Dh increased with total leaf area
ontinuously from the stem base to the apex (Fig. 8e) following a
ower trajectory also with the length of the stem apex (L) in both
ylem and phloem (Olsen et al., 2014). The increase in Dh of xylem
onduits with L varied, however, between the analyzed individuals
Petit et al., 2011). It must nevertheless be highlighted that Dh esti-

ates for both functional groups increased with the number and
rea of the needles of leaves (Fig. 8f) irrespectively of the differences
f the numbers of vessels and tracheids analyzed per image (Petit
t al., 2011). The results show the potential to use the hydraulic
iameter for leaf area estimations without using simplified proce-
ures that introduce biases (Lin et al., 2002). Additionally due to
he strong relationship with stem height, anatomy could be useful

n reconstructing tree height throughout its life-time.
gure legend, the reader is referred to the web version of this article.)

4. Conclusions

The 25th EDF demonstrated the potential of tree-ring data from
tree species and sites in NW Spain for studying archaeology, cli-
mate, forest dynamic, geomorphology and plant anatomy aspects
(Fig. 3). To dendrochronologically establish the date and prove-
nance of historical timbers of oak and pine in Spain, a denser
network of multi-century long chronologies is required. However,
despite the lack of absolute dates, tree-rings can reveal coeval
groups of timbers, different building phases, and in the presence
of bark, the seasons when logging activities were carried out. Addi-
tionally, the identification of species used in art-historical objects
and built structures from different periods can provide insights
by effects of management, stronger climate reconstructions may



R. Sánchez-Salguero et al. / Dendrochronologia 42 (2017) 80–93 91

F mical
p ydrau

b
t
s
w
m
f
t
v
A
c
t
c
t
m
w
a
r
S
w
O
s
s

ig. 8. PA outcome: (a) Sampling design for each species; (b) wood and leave anato
roperties; (e) relationship between P. sylvestris height, needle area and estimated h

e possible through the increase of replication by adding more
rees from relatively undisturbed settings, and chronology exten-
ion back in time may  be possible with tree-rings from remnant
ood. Future dendroclimatology work should also exploit the cli-
ate signal in tree-ring parameters other than total ring-width –

or example, stable isotopes, maximum latewood density or quan-
itative wood anatomical features. From a forest ecology point of
iew, results suggest that the growth of C. sativa and Q. robur in
sturias forests is particularly sensitive to previous autumn climate
onditions and that the influence of temperature and precipita-
ion is especially dependent on the species and modulated by
ompetition. Future dendroecological studies should address how
he detected growth changes are associated with thinning treat-

ents in the study area, and should explore in more detail how the
ood production response is modulated by species composition

nd stand structure. Extending analysis would provide valuable
ecommendations for planning future forest management in NW
pain. The dendrogeomorphological findings from the FG stream

ith an abundance of flood-damaged trees show great potential.
ur limited study barely taps the potential for flash-flood recon-

truction from this resource, and stresses the need to take more
amples in order to isolate the correct geomorphic signal. The plant
 laboratory preparation procedures; (c) anatomy against plant structure; (d) tissue
lic diameter; (f) variations of T. farfara vessel and leaf areas along the stem diameter.

anatomy group showed that anatomical analysis on xylem con-
duits and phloem area in P. sylvestris and T. farfara showed that
the hydraulic transportation network of both species is organized
according to the common needs for water supply to leaves and
to get photosynthetic products, regardless of site conditions. Alto-
gether, the participants of the 25th EDF learned how much quality
research a dedicated team of researchers can complete in one week.
The 25th EDF has been a model for interdisciplinary research and
collaborative investigation that has contributed to the education
of the participants and the expansion of research collaborations of
the group leaders; become in most cases the research network of
the participants after fieldweek. We  hope that this intensive learn-
ing experience in the broad field of tree-ring research will help to
demonstrate the usefulness of this type of experiential learning also
for the fieldweeks in upcoming years.
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ils for all fieldweeks from 1986 to 2001. We include this table as received recognizing that this valuable contribution does not list the same information

Table A1
Prof. Dr. Fritz Schweingruber kindly compiled his recollections and some deta
logia
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 (2017)
 80–93

consistently throughout all years (e.g. not all instructors are listed by name). We thank Fritz Schweingruber for providing this table, and more so far the legacy which he has firmly established for subsequent generations of
dendrochronologists.

Year Topics Organizers and team leaders* N◦ participants City/Region/Country

1986 Dendroecology F. Schweingruber and others 16 Alpine farmhouse, Hasliberg, Switzerland
1987 Dendroecology F. Schweingruber and others 16 Hut, Doro above Lavorgo, Ticino, Switzerland
1988 Dendroecology F. Schweingruber 18 Forest  house, Suaiza above Lavorgo, Ticino, Switzerland

Dendroentomology D.  Eckstein, H.C.  Fritts
Dendroclimatology H.  C. Fritts

1989 Alpine Dendroecology F. Schweingruber and others 31 University house of Geneva, Bourg  St Pierre, Gr.  St. Bernhard, Switzerland
1990 Alpine Dendroecology F. Schweingruber, H.C. Fritts and L. Ydun 40 Old  hotel, Brienzerrothorn, Switzerland
1991 Mountain Dendroecology F. Schweingruber, E. Vaganov, S. Shyiatov and others 45 Skihous Brambruesch, Chur, Switzerland
1992 Alpine Dendroecology F. Schweingruber and others 65 Old  house of an electrical company, Saas Almagell, Switzerland
1993a Alpine Dendroecology F. Schweingruber and others 40 Holiday house, Tschierv, Swizerland

Technology, Forestry C. Mattheck, P. Piussi and others
1993b Alpine Dendroecology F. Schweingruber and others 35 Holiday house, Tschierv, Swizerland

Technology, Forestry C Mattheck, P. Piussi and others
1994 Dendroecology D.  Katz, F. Schweingruber and others 100 Boat and military caserne, Tapjorne Kirilov, Vologad, Russia
1995a Mountain Dendroecology C. Urbinati, F. Schweingruber and  others 65 Reserach Center, Monte Bondone, Trento, Italy
1995b Alpine Dendroecology C. Urbinati, F. Schweingruber and  others 65 Reserach Center, Monte Bondone, Trento, Italy
1996a Mountain Dendroecology F. Schweingruber and others 60 Holiday house, Selma, Calacatal, Ticino, Switzerland
1996b Mountain Dendroecology F. Schweingruber and others 60 Holiday house, Selma, Calacatal, Ticino, Switzerland
1997 Mountain Dendroecology F. Schweingruber, E. Vaganov, J. Banks and  others 40 Sport training camp,  Semiski Pass Altai, Russia
1998a Dendroecology R. Wimmer, F. Schweingruber and others 50 University lecture house, Rosalia Mts, Vienna, Austria
1998b Dendroecology R. Wimmer, F. Schweingruber and others 50 University lecture house, Rosalia Mts, Vienna, Austria
1999 Dendroecology M.  Kroupov, F. Schweingruber and others 50 University lecture house, Baburek, Vimprek, Tschechoslovakia
2000 Dendroecology T. Levanic, H. Bugmann, F. Schweingruber and others 45 Hotel Masun, Lijubliana, Slovenia
2001 Dendroecology F. Schweingruber and others 49 Holiday house, Lantsch, near Davos, Switzerland

*Information about 1986–2001 Fieldweeks provided by Fritz Schweingruber and the anonymous reviewer. Group leaders were always PhD Students of Prof. Dr. Fritz Schweingruber as Veronika Stöckli, Stefan Berli, Marco Isel,
Jan  Esper, Felix Kienast and many others. All fieldweeks from 1986 to 2001 were supported by the Univ. of Basel and the Swiss Academy of Science. Werner Schoche was mostly the cook.
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