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Keynote lecture 1

Synergistic complementation among experimental, observational and
dendroecological studies for a better understanding of the interactions

between climate change and terrestrial ecosystems

J. Pefivelas'?, J. Sardans'?, M. Estiarte’?, R. Ogaya'?, J. Carnicer'?®,
M. Coll'?, A. Barbeta'?, A. Rivas-Ubach?, J. Llusia'?,
M. Garbulsky'?*, I. Filella'?, A. S. Jump"?*®

" CSIC, Global Ecology Unit CSIC-CEAB-CREAF, Cerdanyola del Vallés 08913, Catalonia, Spain.
2 CREAF, Cerdanyola del Valles 08913, Catalonia, Spain.
* Community Ecology and Conservation Ecology Group, Centre for Ecological and
Evolutionary Studies, University of Groningen, Nijenborgh 7, 9747 AG, Groningen, The Netherlands
4 Cétedra de Forrajicultura, IFEVA, Faculfad de Agronomia, Universidad de Buenos Aires, CONICET,
Av. San Martin 4453, C1417DSE, Buenos Aires, Argentina
° Biological and Environmental Sciences, School of Natural Sciences, University of Stirling, FK9 4LA, UK.

We will present complementary experimenfal, observafional and dendroecological evidence of how
frees and forests are currently responding to climare change through phenotypic plasficity, genotypic
evolution, changes in distribution and, in some cases, local extinction. It remains poorly understood
how climate change will resulr in asymmetrical responses of species and how if will inferact with
ofher increasing global impacts, such as N eufrophication and species invasion among many others.
The biogeochemical (especially phoftosynthesis and carbon sequestration) and biophysical (mainly
surface energy and water balance) feedbacks on climare of all these changes in vegetafion are also
poorly understood. We will review them and will show new dafa and new fechniques fo approach
their study for a befter understanding of the inferactions between climafe change and forests.

Josep Pefivelas is a Research Professor of the Natfional Research Council of Spain (CSIC), director
of the Global Ecology Unit CREAF-CEAB-CSIC-UAB, af the Center for Ecological Research and
Foresfry Applicafions in the Autonomous University of Barcelona. He is an ecologist working on
plant ecology and on atmosphere-biosphere interactions. His current subjects of study are: global
ecology, global change, climate change, atmospheric pollution, biogenic VOCs emissions,
sfoichiometry and metfabolomics, remofe sensing, plant ecophysiology and funcfioning and
sfructure of terrestrial plants and ecosystems. During his professional career he has published 6
books on Ecology, Evolufion and Science, more than 700 papers in scienfific journals and books
(400 in journals of the Science Cifation Index, including Nature, Science and PNAS), and hundreds
of articles in Catalan and Spanish newspapers and magazines. He is a highly cited scientfist in
ecology/environment, in planf and animal sciences and in all science fields of the ISI essenfials
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science indicafors. He was Titular Professor of Ecology in the University of Barcelona until 1990

and nowadays he is involved in seminars and posfgraduafe courses in many universities and
research cenfers throughout the globe. He is subject editor of Trees, Ecology Letters, Global
Change Biology, Global Ecology and Biogeography, Remote Sensing of the Environment and
member of the Advisory Board of New Phytologist, among several other ecological and plant
science journals.
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Keynote lecture 2

From managed to old-growth forests: dendroecology and sustainable

forest management

R. Morra1, M. Carrer 2

" Dipartimento di Scienze Agrarie, Forestali e Alimentari (DISAFA), Universita degli studli di Torino, Via Leonardo da Vinci 44, 10095, Grugliasco,
(TO), Iraly
2 Dipartimento Territorio e Sistemi Agro-Forestali, Universita degli studi di Padova, Agripolis 35020, Legnaro (PD), Italy

Correspondence: Renzo.motfa@unito.it
Keywords: silviculture, forest sustainable management, age, disturbances, release from suppression

Since the beginning of the 19th cenfury foresters and forest managers have used free rings fo
determine the tree growth rafes and to support sustained forest management. The increment borer,
that if is still widely used today and it is by far the basic tfool in most of free-ring invesfigations, was
developed for this purpose in Germany by Max Robert Pressler in the mid 1800s .

In the last decades free-ring science has been used by foresters for several ofher purposes mainly
related to the development of a sustainable nafuralistic silviculture . In order fo achieve this targef if is
necessary fo analyse the past development of managed and unmanaged foresfts and to study fheir
dynamics, disturbance regime and ecological processes af different scales .

The aim of this presentation is to briefly outline the major steps in recent free-rings related silviculrural
researches and fo discuss problems , challenges and the potential further developments.

References

1) Bergeron, Y., Harvey, B., 1997. Basing silviculture on natural ecosystem dynamics: an approach applied to the southern
boreal mixedwood forest of Quebec. Forest Ecology and Management 92, 235-242.

2) Kitzberger, T., Veblen, T.T., Villalba, R., 2000. Mefodos dendroecologicos y sus aplicaciones en esfudios de dinamica de
bosques templados de Sudamerica. In: Roig, F.A. (Ed.), Dendrocronologia en America Latina. EDIUNC, Mendoza, pp. 17-78.
3) Landres, P.B., Morgan, P., Swanson, F.J., 1999. Overview of the use of natural variability concepts in managing ecological
systems. Ecological Applications 9, 1179-1188.

4) Motta, R., 2002. Old-growth forests and silviculture in the ltalian Alps: the case-study of the strict reserve of Paneveggio
(TN). Plant biosystems 136, 223-232.

5) Pressler, H.P., 1866. Der forstliche Zuwachsbohrer neuester Construction. Tharandter Forstl Jahrbuch 17, 155-223.

Renzo Motta is Ordinary Professor of Forest Ecology and Silviculture at the University of Turin
(Italy). He has given several courses concerning forest ecology and silviculture. Vice-President and
deputy coordinator of the Silviculture Group of the ltalian Society of Silviculture and Forest

Ecology (SISEF) and Associated member of the ltalian Academy of Forest Science.
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He published more than 350 papers, 45 on ISI journal. His main research interests are: ecology
and sustainable silviculture of mountain forests; upper forest limits (tree-line and forest-line)
dynamics in relation to land-use and climate change; forest regeneration - wildlife (ungulates)
relationships; long-term sylvicultural and ecological studies (LTER) in permanent plots; old-growth

forests.
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Keynote lecture 3

Archaeological woody plant remains as indicators of human selection and

environmental changes

L. Sadori1, A. Masi'

" Dipartimento di Biologia Ambientale, Universita di Roma La Sapienza, Italy

Correspondence: laura.sadori@uniromal.it
Keywords: woody plant remains, sfable carbon isofope content, pollen, aDNA, archaeological sites

Plant remains from archaeological confexfts can provide inferesting information on both pasf sociefies
and environmental history. These biological remains consfitute an important portion of our culfural
heritage and an imporftant palaeoenvironmental archive. Plant remains have often been neglected and
considered as additfional and redundant in many archaeological researches. In the last years the
sensifivity of archaeologists to nafural issues is thankfully increasing and is opening new perspectives
in the knowledge of our past. The reconsfruction of pasf environment in archaeological studies
represents a fundamental issue and a challenge for bioarchaeologists. Although archaeobotany is a
fairly recent addition fo the study of the past, it now makes use of many fechniques, also from other
disciplines, which are far behind classical archaeobotany. Here we present three different
approaches fo the study of plant remains.

A) The imporfance of using palynology to assess past environmental feafures is well known as well as
its applicatfion to archaeological reconstructions for studying the onsef and evolution of culfural
landscapes. Carrying on parallel sfudies both on pollen and macroremains in archaeological contexts
furns ouf very useful (Mercuri et al.,, 2010; Pepe et al.,, 2013).

B) An independent source of past climate reconstruction in archaeological confexts comes from the
application of stable carbon isofopes fo archaeological charcoals to provide long climare and
environmental records (Masi et al.,, 2012, 2013).

C) Other possibiliies concerning the application of other disciplines to the study of plant remains
have been explored, consisting in the DNA exfraction from ancient woods (aDNA study) to test the
genetic confinuity between ancient and modern arboreal taxa taken from several archaeological sites
(Deguillox et al., 2000).

References

1) Deguilloux, M.F., Bertel, L., Celanf, A, Pemonge, M.H., Sadori, L., Magri D., Petit RJ., 2006. Genetic analysis of
archaeological wood remains: first results and prospects. Journal of Archaeological Science 33, 1216-1227.

2) Masi, A., Sadori, L., Baneschi, I., Siani, AM., Zanchetta, G., 2013. Stable isotope analysis of archaeological oak charcoal
from eastern Anafolia as a marker of mid-Holocene climate change. Plant Biology 15, 83-92.

- a1
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3) Masi, A., Sadori, L., Zanchetta, G., Baneschi, |., Giardini, M., 2012. Climatic interpretation of carbon isotope content of mid-
Holocene archaeological charcoals from eastern Anatolia, Quaternary International, doi: 10.1016/].quaint.2012.11.010.

4) Mercuri, AM., Sadori, L. Blasi, C., 2010. Archaeobotany for culfural landscape and human impact reconstructions. Planf
Biosystem 144, 860-864.

5) Pepe, C., Giardini, M., Giraudi, C., Masi, A., Mazzini, I., Sadori, L., 2012. Plant landscape and environmental changes
recorded in marginal marine environments: the ancient Roman harbour of Portus (Rome, ltaly). Quaternary International, doi:

10.1016/j.quaint.2012.11.008

Laura Sadori took a degree in Scienze Naturali at University of Rome ‘La Sapienza”, a master in
Botanica at Universitat Autonoma de Barcelona (Spain). She is European Doctor in Biology (PhD in
Botany). She published more than 230 articles, book chapters, and congress abstracts. Current
scientific interests cover holocene climatic change and human impact on vegetation, quaternary
palaeopalynology, past plant landscape reconsiruction, plant macrofossil study fhrough isofope
and aDNA analyses, palaeoenvironmental reconstructions through pollen analysis, archaeobotany.
She is coordinator and scienfific responsible of many European and national research projects.
She is at present tenured for teaching “Laboratorio per lo studio dei materiali di origine biologica”
of the first level degree in Tecnologie per la Conservazione e il Restauro dei Beni Culturali and of
‘Metodi avanzati applicati alla bioarcheologia” of Laurea Magistrale (master degree) in Scienze e
Tecnologie per la Conservazione dei Beni Culturali. She is a member of the feaching board of
Dottorato di Ricerca in Scienze Applicate per la Protezione dell’ Ambiente e dei Beni Culturali.
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Change in larch budmoth frequency in the French Alps: does land-use

change or climate trigger the outbreak dynamics?

G. Battipaglia'”’, S. McCloskey’, C. Carcaillet’

' Department of Environmental, Biological and Pharmaceutical Sciences and Technologies, Second University of Naples,
Via Vivaldi 43 - 81100 - Caserta - ltaly
2Paleoenvironments and chronoecology (PALECO-EPHE), Ecole Pratique des Hautes Etudes, Institut de Botanique, F-34090 Montoellier, France
Centre for Bio-Archeology and Ecology (UMR5059), University of Montpellier 2, Institut de Botanique, F-34090 Montpellier, France

Correspondence: giovanna.baffipaglia@unina2.it

Keywords: Zeiraphera diniana, forest disturbance, dendrochronology

Disturbances processes, such as insect outbreaks, are an infegrated component of forest ecosystems
with important roles in shaping forest dynamics (Pickeft & Whire, 1985; Frelich, 2002; Johnson &
Miyanishi, 2007 ; Pickett & White, 1985). In this study, the long-term history of Zeiraphera diniana Gn.
outbreaks (the larch budmoth, LBM) in a larch-stone pine mixed forest was reconstructed from free
rings for the period 1700-2010 and the relafionships between outbreaks, climare variability and land-
use change of the valley were examined. The frequency and the infensity of each evenf were
quanfified for each tree by means of the OUTBREAK software. Historical maps and documentary
evidence were analyzed as independent dafa source, fo infer the past land-use, forest management
and fo explain changes in the outbreaks frequency. In the long-term trend of LBM outbreaks we
observed three distinct frequency phases: a first period (1700-1800) characterized by cyclic
episodes with wavelengths varying within 7-8 and 17-20 years. A second phase (1800-1850) was
characterized by an increase in outbreak frequency, and in a recent period (1950-2010) the events
have become less frequent. Our findings suggest that the changes in frequency of LBM oufbreaks in
the last three cenfuries were mainly driven by land-use change, with the 1800-1850 high frequency
events linked to increasing human influences, such populafion growth and related forest disturbance,
and fo the abundance of larch favored on stone pine by shepherds. We argue that the current
increase of femperafure combined with the land abandonment in the valley affect the LBM outbreaks
dynamics and explain the recent recorded LBM frequency decline.

References

1) Frelich, L.E., 2002 Forest dynamics and disturbance regimes. Cambridge, UK : Cambridge University Press.

2) Johnson, EA., Miyanishi, K., 2007 Plant disturbance ecology: the process and the response. Amsterdam NL: Elsevier
Academic Press.

3) Pickett, S.T.A., White, P.S., 1985. The ecology of natural disturbance and pafch dynamics. San Diego, USA: Academic Press.
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Summer climate was cooler and simultaneously drier in Greece during
LIA than today

S. Klesse', M. Ziehmer', V. Trouet® & D. Frank'

" Swiss Federal Institute for Forest, Snow and Landscape Research WSL, CH-8903 Birmensdorf
2 Laboratory of Tree-Ring Research, University of Arizona, Tucson AZ 85721, USA

Correspondence: sfefan.klesse@wsl.ch
Keywords: climafe growth response, reconsfruction, summer climate variability, Eastern Mediterranean

The Medirerranean region has been idenfified as a global warming hofspof, where future climate
impacts are expected to have significant consequences on societal and ecosystem well being. To
puf ongoing frends of summer climafe info the contexr of past natural variability we reconsfructed
climate from maximum latewood density (MXD) of Pinus heldreichii and latewood width (LWW) of
Pinus nigra on Mt. Olympus, Greece. As previous research in this region focused only on inter-annual
variability omitting any low-frequency trends, the present study emphasizes the long-term behavior of
free growth by applying regional curve sfandardization (RCS). The LWW-chronology closely
corresponds to early summer moisture variability (May-July, r=0.65, p<0.001), while the MXD-
chronology relates mainly to late summer heat (August-September, r=0.62, p<0.001). Both RCS
chronologies agree very well in their decadal variabiliry during the 20™ cenfury (r=-0.53, p< 0.001),
and confirm the importance of the afmospheric circulation dipole paftern (500hPa geopotential
height) between the Brifish Isles and the Balkan Peninsula induced by the summer North Atlanfic
Oscillation (sSNAQ) for the summer climate (July-August) in the eastern Mediterranean. Positive sSNAO
phases are associated with cold anomalies, enhanced cloudiness and precipifafion in the norfth-
eastern Mediterranean. However, between ~1700-1900 the reconstructions indicate generally much
drier early summer conditions compared to the reference period (1950-2010) and simultaneously
cooler late summer condifions. This finding suggesfs less stable infra-annual sSNAO phases during LIA
than in the 20" century.

References

1) Giorgi, F & P. Lionello (2008): Climate change projections for the Mediterranean. Global and Planefary Change 63: 90-104.
2) Trouet, V., M. Panayotov, A. lvanova & D. Frank (2012): A pan-European summer feleconnection mode recorded by a new

femperature reconstruction from the northeastern Medirerranean (AD 1768 —2008). The Holocene 22: 887-898.

3) Klesse, S & D. Frank (revised): Testing the applicafion of Regional Curve Standardization fo living tree datasefs. Tree rings in

archaeology, climatology and ecology, TRACE, Vol. 11.

4) Folland, C., J. Knight, H. Linderholm, D. Fereday, S. Ineson & J. Hurrell (2009): The Summer North Atlantic Oscillation: Past,

Present, and Future. Journal of Climate 22: 1082-1103.
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Growth responses to drought of Central European minor tree species

J. Kunz', G. Loffler', J. Bauhus'

" Chair of Silviculture, University of Freiburg, Germany

Correspondence: joerg.kunz@waldbau.uni-freiburg.de

Keywords: Sorbus, Acer, drought, resistance, recovery

Strategies fo adapf European forests to climate change suggest increasing proportions of drought
rolerant species as well as free species diversity. Yef, the pool of suitable species that have porfentfial
also for production of valuable fimber is quite small. Regionally, the amount of the economically
inferesting forest species spruce, pine or beech might be further reduced by an increasing number of
droughts caused by global climate change (Bréda et al., 2006). Currently neglected broadleaves like
Sorbus torminalis, S. domestica, Acer campestre and A. platanoides may offer suitable alrernatives for
silviculture (Hemery et al., 2010). These species are expected fo be rather drought-tolerant, but there
is no information abouf the growth responses of mature trees of these species fo seasonal water
shorfage so far. Here, we examined the resistance to and recovery from drought refro-spectively
through analysis of free rings before, during and following pronounced drought events.

In summer 2012, two cores per tree for pairs of minor tree species and their associated main
species Fagus sylvatica or Quercus pefraea were ftaken in eleven forest sfands on dry and warm sites
in Southwest Germany. Tree cores were cuf plane and ring-widths measured fo the nearest 0.01 mm
using the digifal positioning table Lintab in conjunction with TSAPWin soffware. Ring series were
crossdafred, sfandardized and chronologies for every free species per stand were builf applying a
robust mean function using R soffware and its package dplR (see Zang et al. 2012). Subsequently the
decline and recovery of free growth in years of water shorfage were calculated and compared
between species and sites.

First results indicate that drought-tolerance in the Acer and Sorbus species was comparable fo
Quercus petraea, but higher than in Fagus sylvafica. The lower the water availability in the soils of the
analyzed forests stands is, the less pronounced the differences between species. Our inifial resulrs
indicate that minor broadleaves have the potential to enrich forests on drought-prone sites.

References

1) Bréda, N., Huc, R, Granier, A., Dreyer, E. 2006. Temperate forest trees and stands under severe drought: a review of
ecophysiological responses, adaptation processes and long-ferm consequences. Annals of Forest Science 63, 625-644.

2) Hemery, G.E., Clark, J.R., Aldinger, E., Claessens, H., Malvolti, M.E., O'Connor, E., Raftoyannis, Y., Savill, P.S., Brus, R. 2010.
Growing scaffered broadleaved tree species in Europe in a changing climate: a review of risks and opportunifies. Forestry 83,
65-81.

3) Zang, C., Prefzsch, H., Rothe, A. 2012. Size-dependent responses fo summer drought in Scofs pine, Norway spruce and
common oak. Trees 26, 557-569.
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Carbon isotope discrimination analysis in dendroecological studies — the

Italian network of old growth beech forests
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The impact of climatic change depends on biomes. In recent years the Mediterranean region is experiencing
prolonged drought periods and heat waves associated with a widespread decrease in stand productfivity and
patches of forest dieback. The physiological character “water-use efficiency” (WUE) has been considered in
previous studies on forest adaptedness to drought (Lauteri et al., 2004). The ecophysiological significance of
WUE is related fo the balance between plant carbon fixation and water losses through franspiration. Studying
WUE chronologies of old-growth beech forests can provide informafion on past and recenft responses fo
climatic fluctuafions, minimising any effects related to forest management. Carbon stable isotope analysis is af
present the most reliable and the least infrusive methodology to study WUE in natural environments (Lauteri et
al., 1997; Brugnoli & Farquhar, 2000). The heavy stable isotope '°C is discriminated during the photosynthefic
CO, assimilation (Farquhar ef al., 1989), plant carbon resulting lighter than armospheric C: the so-called carbon
isotope discrimination (A). A and WUE respond fo physiological, genefic and environmental facftors. A in free
rings (McCarrol & Loader, 2004) allows for the study of fluctuations in WUE on a long time scale (from seasons
fo centuries). This study analyses the isofopic chronologies of eight old growth beech forests (four in cenfral
Apennine, four in eastern Alps). Six frees were analysed from each site. Normalised A series were produced and
compared fo basal area increments (BAl), relatively to the past decade or lustrum (1999 - 2008 or 1999 - 2003).
Furthermore, a long-term refrospective chronology (until the beginnings of the past cenfury) was performed on
three sites, representing different phyto-climatic conditions and enclosing basal and high mountain belfs.
Evidences were found about differential environmental pressures across the analysed sites. Decreasing water
availability seems fo affect the growth responses of basal Mediterranean sites. Increasing remperatures appear
beneficial to both high elevafion and Alpine sites.
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Growth rate and climatic response of Machaerium scleroxylon, from a dry
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Machaerium scleroxylon (Morado) is an important timber species from the lowland fropical dry forests
in Bolivia. We used dendrochronological methods fo (i) evaluate the responses of radial growth fo
climate and atmospheric circulafion patfterns; and (i) quanfify the growth rafte in order fo estimate the
age of optimal harvest rofafion. We collected ten wood disks faken from mature individuals randomly
selected. Despifte the existence of false rings, lenses and wedging rings, the species showed clearly
annual ring boundaries. Correlafions between residual ring-width indices and monthly climatic
variables (mean, maximum and minimum femperatures and precipitation) and El Nifio-Southern
Oscillation (ENSO) index were calculated. Growth showed a significant positive correlation with
monthly precipifation and a negative correlation with mean temperatures during the lare rainy season.
A positive correlafion between ring width and ENSO indices indicated thaf the growth of M.
scleroxylon was significanfly affected by regional atmospheric circulation patterns. Based on the
cumulafive growth and Basal Area Increment analysis (BAI), diameter increment of morado remain
posifive in frees older than 140 years and MLD around 50 cm, bur with low growth rafes in small-
diameter frees.
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Common juniper (Juniperus communis L.) is by far the most widespread conifer in the world.
However, despife its wide distribution, free-ring research dealing with this species is sfill scarce. The
main reason is likely related ro the hardness in crossdafing not just comparing different samples, bur
also within the same planf due fo irregular stem shape with sfrip-bark growth form in the older
individuals and to the high number of missing, wedging and false rings.

Considering that a precipitation signal is generally missing in the Alpine high-elevafion free species,
here we present a pilof sfudy aimed to i) test the dendrochronological potential of common juniper
growing above the freeline and ii) verify the precipitation sensitivity of the species.

We collected more than 200 samples from three sites in the central and eastern Alps, all between
2100 and 2400 m alfitude. As expected, crossdafing was exceptionally challenging. However, thanks
fo the conspicuous number of frosf rings acfing as poinfer years, we were able fo successfully dafre
an adequate number of samples fo produce a reliable chronology longer than 200 years in all three
sfudy sites. Chronology sfafistics (EPS, rbar, PCI1, etc) were significanfly lower than the
corresponding values for the high-elevafion free species (larch, stone pine, spruce), but were similar
fo other species of the same genus found in literature. Climate/growth relationships computed in the
last century highlight a significant precipitafion signal in winter months, with a high variabiliry among
sites that well corresponds to the low spatial dependence of this factor.

Despire the difficulfies encountered, the possibility of building fairly long chronologies and the likely
presence of a significant precipifafion signal seems a promising starfing poinf fo apply classical

dendroclimatological approach on this creeping shrub.

20




TRACE 2013, 8—1 May 2013, Viterbo, Italy Session 1 — Talks

The influence of volcanic eruptions on growth of Central European

lowland trees in NE-Germany during the last millennium

H. Pieper', |. Heinrich', K.U. HeuBner?, A. Braver' & G. Helle'

" Helmholrz Centre Potsdam German Research Cenire for Geosciences GFZ,
Section 5.2 Climate Dynamics and Landscape Evolution, Potsdam, Germany
? German Archaeological Institute, Berlin, Germany

Correspondence: pieper@gfz-potsdam.de
Keywords: Dendrochronology, volcanic eruptions, free-ring width, lowlands, paleoclimate

We aim here to investigate the effect of large volcanic erupfions on growth rafe of frees. The study is
based on an unsfudied comprehensive daftabase with 1128 samples of long free-ring width
chronologies of Quercus robur L. and Pinus sylvestris L., which correlate with forest net primary
production (NPP), originating from three different sites in eastern Germany (Greifswald, Eberswalde
and Saxony). This study aims at frees in rarely examined temperate zones where tree growth is less
remperafure limited. Growth reactions were fested against 49 large volcanic eruptions known for the
last 1000 years. Our results revealed a predominantly negafive effect of large volcanic erupfions on
the free-ring width. Nevertheless, we could also defect positive and neutral tree growth reactions. In
the tfree-ring width chronologies of oak and pine, we detected a negafive influence of large
eruptions on tree growth for up fo four years . The chronologies of Q. robur L. revealed a stronger
negafive response than those of P. sylvestris L. However, af the Greifswald site both free species
show a negafive response in tree growth affer each volcanic erupfion. Furthermore, a poinfer year
analysis confirmed the results and idenfified 191 poinfer years of which 106 were negative and 85
were posifive. Interestingly, the individual volcanic eruptions had different effects. For example, the
erupfion in 1586 CE resulted in posifive growth response in both free species af all sites. In confrasf,
we defected significant negafive tree growth response affer the erupfion of 1800 CE. Our study
clearly indicates that the effects of major volcanic eruptions within the Medieval Warm Period (MWP),
the Litfle Ice Age (LIA), and the Current Warm Period (CWP) are different and less obvious in trees
from cenfral European lowlands than observed for frees growing af the alfitudinal or lafitudinal
fimberlines.

References

1) Briffa, KR.et al., 1998a. Influence of volcanic eruptions on Northern Hemisphere summer temperature over the past 600 years. Nature 393:
450-454.

2) Gu, L. ef al., 2003. Response of a Deciduous Forest to the Mount Pinatubo Eruption: Enhanced Photosynthesis. Science 299: 2035-2038.

3) Krakauer, N. Y., & J. T. Randerson, 2003. Do volcanic eruptions enhance or diminish nef primary production? Evidence from tree rings, Global
Biogeochem. Cycles, 17(4), 1118-1129.

4) Salzer, M\W. & Hughes, M.K., 2007. Bristlecone pine free rings and volcanic eruptions over the last 5000 yr. Quaternary Research 67, 57-68.

21




TRACE 2013, 8—1 May 2013, Viterbo, Italy Session 1 — Talks

Climate influence on the expansion and tree-ring growth of Pinus nigra L.

at high altitude in central Apennines
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In some areas of cenfral Apennines we found a nafural expansion of Pinus nigra L. above the current
fimberline. This research aimed i) to detect possible common patterns of the pine expansion process
ii) to date the process and iii) to attempt the assessment of the climate influence.

In four study areas we mapped and sampled 658 individuals of black pine living above the fimberline.
For each free we measured free vigor, basal stem diameter, tofal free height, crown shape, annual
height increment and needle age. For age determinafion and free-ring analysis we also exfracted
one basal core. We used multivariate analysis fo assess pafterns of the main free structural atfributes
and in each tree-ring series we recorded infra-annual density fluctuations (IADF).

Pine upward expansion sfarfed over 35 years ago and appears a synchronic wave with peaks
occurring af all sites between 1996 and 2000. The PCA on pine sfructural affributes revealed a high
within sites’ variability and minor differences between the sites. All the detected IADF are revealing
that cambial activity first decreased during lafe summer droughts and then recovered during end of
summer and early autumn.

The expansion of black pine above the current timberline is a natural process linked ro the presence
of pine planfafions. The site feafures and land use changes (especially grazing pressure) are different
suggesfing a possible climatic driver. This hypothesis is supported by the preliminary results of the
PCA showing a sfrong overall similarity of structural and growth aftributes of pine frees. Tree-ring
series crossdating is very difficult mainly due to young age of pines, buf IADFs increased frequency
can be interpreted as an adapfive strafegy fo climatic variability.
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‘Divergence’ is a well-known phenomenon for boreal frees in the late 20" century, but rarely reported from
other periods. The idea that a temporal localization of the problem could improve its understanding initiated a
search for divergence in earlier periods of high quality dendrochronological archives. An extensive network of
maximum latewood density (MXD) measurements from Northern Fennoscandia likely represents one of the most
reliable regional summer-temperature reconstructions (Esper ef al. 2012). The strong coherence between proxy
and instrumental dafa is, however, inferrupted by a short, but significant correlation decrease from 1905 fill
1920, a period of distinct summer-temperafure warming. Analyzing growth-climafe relationships reveals this
unconformity to systematically affect all site-chronologies within a larger Fennoscandian network.

Here we analyze this early 20th century divergence period (EDP). We therefore use long instrumental station
records and free-ring density chronologies including 878 Pinus sylvestris and 126 Picea abies samples. Our
results indicafe that EDP was accompanied by a simultaneous decline of infer-site correlation within the MXD
network, suggesfing a weakening of the MXD climate signal itself. However, a parallel decline can be found in
the instrumental stafion nefwork. These observations can be ascribed to substantially reduced inter-annual
summer femperafure variability from 1905-1919. Addifional comparison of our MXD network with ofher climafe
parameters indicates stable correlations with high-pass filrered sea level pressure (and precipitation) readings
throughout the EDP. This finding implies free-growth to be additionally confrolled by other factors, e.g. light
condifions, in periods of low summer temperature variability. Our results generally confirm the reliability of free-
ring proxy dafa as diverging patterns were rafther induced by particularly low temperature variance and spatially
heterogeneous temperatfure fields. They also quesfion the uniqueness of the widely recognized late 20th cenfury
divergence, and might serve as a fest case fo further explanation of the laffer feafure in ofther regions.
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Little evidence for long term CO: fertilization in tropical trees
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Studies on small forest plofs across the tropics indicafe increased biomass and forest dynamics in the
last decades (e.g. Lewis et al. 2009). The rise of afmospheric CO, has been proposed as the most
likely factor causing this increased carbon sink capacity of fropical forests. The effect of increasing
afmospheric CO, is expected to work mainly through increased water-use efficiency, thereby
decreasing water sfress (e.g. Ainsworth and Rogers 2007). Yet, increased growth is not always found
on larger tracks of forests (e.g. Feeley et al. 2007) and in FACE experiments under field condifions
(e.g. Norby and Zak 2011). Adding fo the uncerfainties is the relatively short time span of the
available dara sefs. This represents a crucial obsfruction fo derive more rigorous conclusions about
fropical forest responses to global change. The paucity of long-ferm dafa can be overcome by
analyzing annual growth rings in fropical frees, which can provide informafion on growth rates often
spanning >100 vyears. We analyzed growth rings of ~1500 trees from Bolivia, Thailand and
Cameroon. To account for onfogenetic changes in growth, we compared growth rates across fixed
diameter classes (see Rozendaal et al. 2010). In addition fo growth, we also measured sfable carbon
isofopes (6"°C) in the wood of annual rings. From 8'°C an estimate of water-use efficiency ((WUE)
can be derived. We found fthat while iWUE increased in all free species sfudied and across the three
confinents, this did nof franslate fo increased growth rafes in the last 50-200 years. Our results
suggest that limiting growth conditions (e.g. by nufrients) have impeded a positive growth response
tfo elevated CQO, in fropical tfrees. We call for a cautious implementation of CO, fertilization effects in
Dynamic Global Vegetation Models.
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The productivity of mature beech forests growing in lIraly was measured by annual Basal Area
Increment (BAI) of dominant frees. Our sfudy analyzed a network of beech (Fagus sylvatica) stands
from hills to freeline covering from the Eastern Alps to the Apennines, to defect BAI changes ar a
national scale, thus studying growth dynamics along latitudinal/elevational transects.

Boofstrapped correlation/response functions served to detect the main climafic factors limifing
growth af the annual timescale. Climafte variability was described by monthly femperafure,
precipifation and drought indices. Multidecadal stand productivity variations were obtained by
smoothing splines inferpolated fo inferannual BAI chronologies. The main climate factors were equally
filtered ro check their long-term impact on BAl. Carbon isofope discriminafion analysis was used to
defect possible changes in water-use efficiency among beech sites, as a physiological response fo
climafte-change occurrence.

The main climate signals found af the annual scale confirmed their effect in the low-frequency. BAl is
influenced more by femperafure than precipitafion on the Alps, while in the Apennines summerfime
drought plays a dominant role. Divergent productivity frends were observed in beech befween the
fwo regions following the recent warming: BAl has increased on the Alps, possibly in connecfion fo
synergistic effects of multiple environmental changes (e.g. N deposition, CO2 fertilization, warming),
while in Central ltaly most species/stands have suffered productivity losses.
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Tree-ring widrh (TRW) time series of chestnut (Castanea sativa Mill.) from a planfation in Montanchez
(Extremadura, SW Spain) were analyzed and compared with TRW variafions of the invasive Pyrenean
oak (Quercus pyrenaica Willd.) in the region. The Chestnut planfafion originally covered an area
greafer than 100 ha, bur was abandoned in the 60s of the 20" century. Since then, Pyrenean oak
invasion sfarfed, resulfing in a fragmentation and reduction of the area covered by chestut below 90
ha. The Pyrenean oak is described fo have a similar ecological niche like chestut, but with different
physiological adaptations (Ruiz-Peinado et al., 2012). Previous dendrochronological work from
nearby sites in the region (Roig ef al., 2009) showed that both species are sensitive fo summer
rainfall variafions, and could confribute to reconstructions of precipitation and associated NAO
pafterns. We here apply dendrochronological mefthods to explore the detailed climafic facfrors
confrolling Castanea sativa and Quercus pyrenaica growth in a sife where one species (oak) is
currently outcompeting the ofher (chesmut). Results indicate that chestnut is more sensifive  fo
summer drought than oak, a climarological metric that is changing significantly during recent decades
in the region. As the Pyrenean oak appears to be better adapfed fo less humid Medirerranean
environments, if is expected that the monospecific chestnut forest will be replaced by a mixed forest
composed of Quercus pyrenaica together with ofher species befter adapted fo increasingly dry
conditions (Fonti et al., 2006).
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A tree-ring study of timberline at Babia Gora Mt., Western Carpathians
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Timberline, the highest locafed, forest related ecofone is a very sensitive element of high-
mountain regions. Tree-rings are a valuable proxy of their past and present dynamics. The aim of this
study is fo assess the role of different natural and anthropogenic factors influencing the locafion and
character of fimberline at Babia Gora Mountain. Babia Gora Mr. (1725 m a.s.l) is the highest part of
the Beskidy Mountains, located in the northern part of the Carpathian Arc. It is a single isolated massif
(80 km?*) with well-developed climafic-vegetation zones and an alpine timberline formed by Norway
spruce (Picea abies) at an altitude of 1380 m a.s.l.

The analyses focused on several factors determining the character of timberline: i) history of
land use, ii) relief, iii) growth/climate relafionships, iv) soil characteristics. Temporal and spafial
changes of the fimberline were defermined by means of GIS analyses of aerial photos befween
1964 and 2009. According fo fthe resulfs, the fimberline along a secfor of 37 km can be divided into
three types: progressive (31%), stable (61%) and regressive (8%).

Seven sites were selected for detailed dendrochronological analysis (4 stable and 3
progressive sites) . Additionally, 10 sites were esfablished o study the influence of alfitude on spruce
growth from 700 m a.s.l to the fimberline ecotone (~1400 m a.s.l). Together ~1300 frees were
sampled and analyzed. The altitude of fimberline rose by approximarely 24 m (with the maximum of
200 m horizontal distance) for the analyzed 45 years. The average timberline site tree age varies from
50 fo 150 years. Depending on the history of land use (forest harvesting and pasturing) among the 7
analyzed sites, three consist of one-aged free generafions and four show a complex age sfrucfure.
Positive TRW/temperature (June) and negafive TRW/precipitation (June) response increases with
altitude and reaches maximum values af the fimberline zone. The results show thaf climate is the main
and stable factor influencing free growth in the tfimberline ecofone.
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Based on tree rings, nafural exfternal forcing such as solar irradiance variations and volcanic activity have been
highlighted as the main global driving mechanisms of natural climate variability on multidecadal to cenfennial
fime-scales during the Holocene (Briffa ef al. 1998). However, the amplitude of the reconstructed variations in
Total Solar Irradiance (TSI) over the last centuries and the possible limifations of free rings to record the full
magnitude of volcanic cooling are now being debated (Krivova and Solanki 2008; Mann et al. 2012). The lack of
knowledge is even larger regarding the role played by anthropogenic forcing on climate, with Land Cover
Changes (LCC) being an especially infriguing targef since they may play an opposed role on climate when
considering different spatial scales (Pongratz et al. 2010). The increasing availability of long climate-sensitive
free-ring chronologies and derived climafe reconstructions, especially in underrepresented areas, will assist in
developing a more accurafe temporal and regional characterizafion of the nafural and anthropogenic climate
drivers. July-to-Ocfober temperature variations reconstructed for the last 800 years based on tree-rings from the
Cazorla Range (NCZy,,,) are compared fo single-forced simulations with the climate model MPI-EMS (Jungclaus
et al. 2010) driven by volcanic forcing (VF), LCC, TSI and concentration of greenhouse gases (GG). VF shows
up as the main facfor confrolling tree-growth for the last 5 centuries at decadal fo multi-decadal fime-scales
through its impact on temperature variations. TSI, LCC and GG do not seem fo exert a significant influence on
free-growth. A persistent anfi-correlation between NCZ;,.,, and simulafions during the period 1200-1500CE may
indicate shortcomings in the climate models or shifts in the sensitivity of free-growth tfo the external climate
drivers.
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In 1983, the city of Walbrzych, locafted in the Sudefes Mountfains, was classified among the most
ecologically endangered places in Poland. It mostly resulred from the disastrous air pollution caused
by industrial emissions from the local coal power plants and coking plants. They were operafing
increasingly fill the late 70s of the last cenfury and since then the production was dropping sharply.
The aim of these studies was to evaluafte the influence of the past emissions of pollutants on the
frees growing in the vicinity. Samples of Norway Spruce (Picea abies L.) were collected from three
research sites. Two of them were locafed on the slopes of mountain ridges near the most essential
sources of pollution whereas the third one was a reference site, far away from Walbrzych. The resulrs
showed that a considerable reduction of free rings in the polluted sites occurred from the 1960s fill
the 1980s, af the time of the highest production volume of coke. This negative relafionship, which is
stafistically significant, indicates that the industrial pollution was responsible for the phenomenon.
Furthermore, it is nofable that the chronology developed for the site located fo the west of
Walbrzych shows a more conspicuous increase, beginning in the 80s, than the one for the site
locafted in the north-east. This is a consequence of south-west wind prevailing in fthis region, which
carried pollufed air masses directly to the site in the north-east. Hence, if appears thaf it was more
difficulr for frees growing under such sfress fo recover quickly. The comparison between
chronologies of the polluted sites and the reference site confirms thaf the sfrong reduction of growth
ring widths was formed under the influence of the local industry (Malik ef al., 2011). The pollution
impact was modified by mefeorological condifions.
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Sensitive regions like the Alps are very vulnerable to climate change. Especially warmer temperatures
and a higher frequency of drought periods may imply strong effects on mounfain ecosystems.

Within a Bavarian-Austrian EU-project we invesfigated long-term growth pafterns of mounfain tree
species and their growth reaction caused by drought events. Sampling fook place in five different
regions of the Northern Ausfrian and Bavarian Limestone Alps along altitudinal gradients, ranging from
500 up to 1700 m assl. In fofal we cored 500 Picea abies, 320 Fagus sylvatica and 210 Larix
decidua trees and measured fthe ring widths of 2060 cores.

By analysing the growth response of the different species to drought events, we found no clear
growth reaction for larch, but a significant linear relationship between growth reaction and alfitude for
spruce and beech. Ar sites below ~1300 m a.s.l. a growth decline was observed due to drought
evenfs. Nonetheless, we also found variafions in the growth reaction within the species (especially
for beech) at similar altitudinal levels.

To get more detailed information about the site-specific physiological response fo drought events of
the different tree species, an additional sfudy was conducted in the Kalkalpen Nationalpark, Austria.
Stable isofopes (6'°C) of spruce, beech and larch free-rings (8 frees per species and site) were
analysed for the common period 1970-2010 atf three different sites. The sites are locafed af the
montane elevation level (900 m a.s.l) on a south- and a north-facing slope as well as on a plateau
situation with deeper soils.

We found divergent signals by comparing fthe results of the stable isofope analyses with our findings
of the comprehensive tree-ring width measurements. Spruce and beech denote similar and significant
anomalies in the isofopic signafure caused by drought events af the south-exposed and plareau sife.
Spruce also depicfs similar growth decline ar these sites bur beech indicates no growth decline af
the plateau situafion, although we found a significant increase in the '*C-discriminafion. We explained
this by a deeper and more intensive roofing system of beech compared fo spruce. Thus beech
seems fo mainfain wood production even in a situation of physiological stress caused by high
femperafures.
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For a long fime, fropical mounfain forests were regarded to be stable ecosystems with a confinuum
in their resistance, persistence and resilience. However, recent studies have indicated that even in
such resilient ecosystems shorf-term variations as well as long-ferm frends of external environmental
factors turn up and may significantly modify free physiological processes (Bréuning et al., 2008;
Galloway ef al., 2008; Homeier ef al., 2012).

As part of a interdisciplinary scienfific framework in Southern Ecuador (DFG Research Unit 816:
“‘Biodliversity and Sustainable Management of a Megadiverse Mountain Ecosystem in South Ecuador”)
we examine the impact of different climatic (e.g. dry spells and vapour pressure deficit) and tfrophic
conditions (atmospheric nitrogen input) on several tropical mountain free species at 2000m a.s.l..

Our preliminary results show that despite the constant perhumid conditions of the area even some
fropical mountain tree species (e.g. Alchornea lojaensis, Graffenrieda emarginata) exhibit seasonal
growth rhythms becoming visible in disfinct growth boundaries.

In addition to fhaf climafic changes we figure ouf that increasing afmospheric nifrogen inputs might
influence the forest structure by modifying inter-trree competition. Our results reveal that especially
free species that are well adapted to the nutrient-poor soil conditions of the study area (e.g.
Graffenrieda emarginata) show adaptive difficulties, whereas other species (e.g. Alchornea lojaensis)
might profit from the increasing nifrogen inpur.
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Using dendrochronology to characterize pine beetle disturbance regimes
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As a natural agenft of disfurbance, beetle outbreaks play an important funcfional role in directing
ecological processes and maintaining biological diversity of forest ecosystems. The mounfain pine
beefle (Dendroctonus ponderosae Hopkins) is the major natfural disturbance agent affecting
lodgepole pine (Pinus contorta Dougl.) forests in the Canadian western provinces of British Columbia,
and Alberfa. The current outbreak has been friggered by a combinafion of increasing temperatures
caused by global warming, which increased insect survival, and by an overabundance of host frees
due fo fire suppression and selective harvesting patterns, which favoured host free accumulation over
the landscape. The outbreak reached close to 14 million hectares in size af its peak in 2009. A
recent range expansion in Alberta is now threatening the Canadian Boreal Foresf. Forest managers
need informafion on stand dynamics processes associated with beetle outbreaks, such as host
mortality, posf-outbreak stand growth, recruitment rafes, species composition following outbreaks
and future beefle return inferval. Using dendrochronology, we examined the dynamics of lodgepole
pine sfands in Alberta and British Columbia, which have sustained beetle outbreaks, and, we
calculated the return rate of beetle disturbances and, in combination with stand inventory dafa,
determined the roles that fire and repeared MPB disfurbances have played in maintaining the
ecological complexity of lodgepole pine in these ecosystems.
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Two Russian sites inferested by cosmic body impacts have been investigated by dendrochronology
using wood cores and free's cross sections. The first site: Sikhote Alin, in Eastern Siberia,
(46°09'36"N, 134°39'22"E) was hif by a shower of iron meteorites on February 12™ 1947 that struck
abour 48 km” of forest producing more than hundred small crafers. Tree-ring analysis on Pinus
sibirica survived frees show suppression since 1947 for 4-8 years after the event. All the analysed
frees recovered their growth after the suppression period (Fantucci et al., 2012). The second site,
Tunguska (60°53'09"N, 101°63'47"E), was hit on June 30" 1908 by a powerful explosion over the
Tunguska River basin (Central Siberia) that devastated more than 2,000 km? of taiga (very probably by
the shock wave produced by the explosion of a cosmic body af an alfitude between 6 and 8 km).
This site was dendrochronologically investigated by Nesvetajlo (1998), Yonenobu & Takenaka (1998),
Vaganov et al. (2004), Kasatkina ef al. (2007). From this site survived frees (Pinus sibirica, Larix sibirica
and Picea schrenkiana) to the Tunguska event (TE) and younger trees collected close Cekho lake
(60°57'51"N, 101°51'36"E) were analysed by free-ring width and BAI (Basal Area Increment). The
effect of the impact was greater than in Sikhote Alin and this is shown by the longer stress detected
(up to 14 years) in some of the survived trees (many of them fell by the shock wave). Other signs of
TE on the survived frees were: the presence of light rings in 1908, deformed fracheids, filted frees
direction frough compression wood, resin ducts. The origin of the Cheko lake is still debated,
possibly created by the impact of a cosmic body fragment; different BAI types of frees living close fo
the lake and inside the forest give some supportf to this hypothesis.
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The Tatfras have an area of 785 km? and represent the main and highest (2655m a.s.l) massif of the
Carpafhian Mounfains. The northern foothills of the Tafras are one of the most densely populared
regions in Poland and also the place af permanent flood risk. Almost all floods in Poland originate in
fhe Tafra Mounfains where several forrents collect water of high-elevation cafchments to drain it fo
fhe three main rivers along which most of the villages and fowns are located. Although the most
significanf flood events are well known, we lack defailed knowledge about the history and the
mechanisms which have generafed them in the past.

A dendrogeomorphic analysis of four stfreams (six sectors, more then 1100 samples) was performed
fo gafther the informafion abour frequency and magnitude of events for the last cenfury. To dafe
floods, scars and resin ducts were used and the scale of the event was reconsfructed based on the
vertical position and the size of scars.
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The physiology and morphology of woody plants undergo changes during the process of aging. As
known from individuals of different species, physiological processes such as cambial activity and
photosynthesis defermine free-ring growth and display differences in duration and amount according
fo the prevailing lifespan . Analyzing the age-structure of free-ring dafa, subsequent reconsfructions
and age-dependent climafe signals confributes to avoid pofenfial misinterpretation of variafions as
climafically induced . Several studies presented analyses by splitfing free-ring width chronologies
according fo the underlying age-sfructure in order to address these climate signal age effects
(CSAE):  did notf identify significant differences between the chosen age-classes. Other studies
detected significant CSAE, whereas results vary from young over mature fo old individuals as mosf
climafe sensifive age classes . For maximum latewood density (MXD) dafa, claimed absence of
significant  CSAE, though the total number of MXD measurement series (#72) as well as the
homogenous age-structure of the samples call for further research.

This assessment analyses the effects of tree aging and cohesive sensifivity fo climafic conditions,
using well replicated MXD dafa from five sites in Northern Fennoscandia. The network of 792 MXD
Pinus sylvestris measurement series confains all age classes in natural stands spanning the period
from 1479-2006 . The dara are reorganized according fo age, site and micro-site growing
condifions. Comparing these newly developed age-related, infer- and infra-site sub-chronologies
and associated climate-growth relationships enables an evaluation of the intensity and the impact of
CSAE within the temperatfure sensitive MXD data, estimated for the 1879-2006 period.
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Thinning operation effecfts on free growth were analyzed in an 43 years old Umbrella Pine stand.
Logging injury fo the remaining trees may lead fo serious economic losses of fimber quality af the
final harvest, losses of damaged trees and free growth reduction. The aim was fo evaluate the impact
of thinning in terms of ring growth on the remaining trees 11 years after the operation and the
wound influence. Damages fo standing frees were recorded following Picchio et al. (2011). Stem
cores were collected afr breast height bofth in damaged and undamaged frees. In the sfudy area 4
plofs were identified PTMT1, PTM2, P2M1, P2M2, different in thinning intensity. Mortality after thinning
showed no difference among the plofs and it was around 6%. After thinning differences in the main
dendrometric parameters were found in the 4 plors due to the different cutfing intensity. The main
cause of the injuries inflicted fto the frees, mainly co-dominant and dominanf, was due fo felling
operafions, mostly in the plofs with high frees density. The passage of fractor follows as cause of
damage locafred af the base of the frees. This demonstrates the lack of a forest fracks system suitable
for lower impact harvesting operafions. The incremental effect of the thinning on forest stands was
confirmed: in PTM1 from the average ring width before thinning was 1.8 mm and fthen after thinning
2.3 mm; in PIM2 2,3 mm and then 2,5 mm; in P2M1 2.5 mm and then 3,0 mm; in P2M2 1,7 mm and
then 2,8 mm.

The comparisons between the average ring width of samples collected from damaged and
undamaged frees in the thinned area did not show any clear relation between logging damages and
free growth.
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A network of Terresfrial Environmental Observatories (TERENO) was established in Germany in
regions with the highest vulnerability with respect to climate change effects. Ar the regional level
long-term ecological, social, and economic impacts of global change are observed and explored. In
spring 2012, an exfensive moniroring site for free growth and water relations was esfablished within
the framework of the Virtual Institute for Integrated Climate and Landscape Evolution Analyses (ICLEA)
project using TERENO infrasfructures in the lowlands of NE-Germany. Dendrometers and sap flow
sensors were insfalled on mafure pine, beech and oak growing along fransects that start af a lake
shore and end on top of a nearby hill. This is fo evaluate the response of the species fo varying
water availability. The climafte at the study site is characterized by rather low annual precipirafion
between 550 and 650 mm/year. In additfion fo wood growth, free water status and soil moisture
dynamics, fthe course of oxygen isotope signals from precipitafion, to watfer at the soil and
groundwater level and in the xylem of trees during the vegetation period will also be recorded.
Understanding the seasonal changes in water sources utilized by the frees will allow us fo evaluate
the sensitivity of the different species to changes in the precipifation regime. In NE-Germany wetter
winter and drier summer conditions have been observed during recent years and even sfronger
seasonal changes have been predicted for this region. It is of utmost imporfance fo better
understand the possible effects on trees bur also the forest ecosystem. This study is part of ongoing
mulfi-disciplinary investigations on impacts of hydrological changes, e.g. decreasing water availability
and increasing temperatures, on ferrestrial systfems. We present some preliminary results of our
current efforts comparing the mutual effects of climate, free water status (incl. transpiration) and
growth of pine, beech and oak along hydrological gradients.
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Hydrology of peafland ecosystems, i.e. level of the ground water fable, influences a wide range of
ecological processes, both in and outside of the peatland environments, e.g. vegefation pafterns, gas
fluxes, chemical composifion of the water in watersheds. Here we hypothesize that the level of the
ground water fable also influences the growing conditions of peatland Scots pines. Therefore, we
have sampled 66 Scots pines from Mannikjarv peatland in central Esfonia. Crossdating and
chronology building was extremely difficulf, but possible for about one third of the samples. During
correlation analysis, we found time-unstable relafionship between the free-ring width chronology and
water fable levels. To explain this instability we have tested two hypotheses: (1) The limiting factor
influencing the tree growth has changed af one poinf in time; (2) While measuring and crossdating
the samples, some missing rings went undetected and distorted the signal found in free-rings. We
could nof conclusively reject the hypothesis that a change of the limiting factor rook place, but could
reject the missing rings hypothesis. We have then used fthe sfructural change analysis of the free-ring
fime series from Méannikjarv peatland frees fo reconsfruct historic periods of low and high water table
levels in the last two cenfuries. Water levels were most likely influenced by amelioration and
reweffing of a nearby lake system, with considerable lag effects. In conclusion, careful selection and
crossdafing of samples provided us with a fool fo reconstruct landscape wide hydrological
processes with peatland pines from the southern boreal region.
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Do oxygen isotopes in tree rings from coastal alaska record atmospheric

circulation patterns?
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Oxygen isotopes in free-ring cellulose are a promising proxy fo reconstruct the dynamics of
large-scale armospheric circulations pafferns, which are the drivers of regional fo local climare
variability (remperature, precipitation and drought). In this project 112-year long (1900-2011) annually
resolved free-ring width (TRW) and free-ring 6'°O chronologies of Tsuga mertensiana from coastal
Alaska (Seward, Kenai Peninsula) were developed and fested for their pofential fo record large-scale
atmospheric circulation patterns such as the Pacific Decadal Oscillation (PDO) and the Pacific North
American Pafferns (PNA). The project would open a new perspective for reconsfruction of
armospheric circulation dynamics in one of the most sensitive regions on Earth to the observed
climate change of the 20" and 21 centuries.

Our study site is under a stfrong marifime influence with high annual precipitation amount and
moderate temperafures. Results of TRW measurements indicate that the main drivers of tree growth
are early summer maximum temperatures (May-Jul) of the current year sfimulating photosynthefic
activity. We also found a significant posifive correlation of free growth with monthly PNA from the
previous December fo the current March, whereas PDO correlates significantly with free growth from
April to July of the current year.

The four individual free ring oxygen isotope fime series at the same site show strong common
variations and the mean chronology correlates posifively with  summer mean and maximum
femperafures, and negafively with precipifafion in June and July. Generally the strength of the climare
correlafions is similar between TRW and 6'°O, with the signal in 8'°O, however, depending more on
the actual growing season.

Currenfly we test the relafionships to sea surface femperafures and related PNA and PDO
indices. The dafa analysis is sfill in progress and out-coming resulfs will be shown and discussed in

the presentation.
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Serial sectioning of roots as a new tool in the analysis of erosional

processes
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Upper forested parts of the mountain cafchments are characterized by high refention, underground runoff and
non-concentrated episodic surface runoff . Dendrogeomorphological methods concerning wood anatomical
sfructure changes within roots being exposed are relevant to determine different geomorphic processes
(Géarter ef al, 2001, Corona ef al., 2011). Nevertheless, wedging and missing rings are common in both
normally growing and exposed roofs. Analysing only one roof cross-secfion may lead fo omission of wedging
rings. Therefore, the main aim of the analysis was fo test the resulting underestimation of the erosional
processes. 14 roots and 20 stems of spruce (Picea abies L. Karst) were analyzed. The micro-slides from the
whole cross-sections of the roots were prepared and analyzed according to the procedure infroduced by F. H.
Schweingruber (1990). Serial sectioning and visual cross-dating of five exposed and nine unexposed roofs were
performed in WinCELL Pro. Four fo eight cross-secfions were faken from each root. Subsequently, sampled
roofs were cross-dated with the stem chronologies. Cross-dafing within roots proved high divergence in the
number and width of free-rings befween particular cross-sections. None of the considered cross-sections
represenfed the complete series of free-rings. The difference in the number of free-rings befween cross-
secfions of the same roof was from two to eight. For the raw data the correlation between chronology from
roofs and stems amounfed 0,13. The same correlation affer cross-dating increased in average to 0,56 and for
some roofs raised to 0,72. It was concluded that the serial-secfioning and cross-dating of rootfs with stem
chronology is significant for the analysis of erosional processes. Subsequently, in the area where surface erosion
occurs with funneling processes, fthe esfimation of surface erosion is endangered by both under- and
overestimation. Therefore the microanalysis of the whole cross-secfions of bofth exposed and unexposed roots
are required. Research was conducfed as a part of project financed by National Science Center, NoN306
264637
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Assessing forest naturalness through dendrochronological indicators

within a network of beech stands in southern Europe
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A number of indicafors has been used for defecting old-growth foresfs, assessing stand nafuralness
and evaluafing the impact of forest management. Despite a diffuse use of structural indicafors (e.q.
density of large frees and snags; deadwood volume), few studies have analyzed forest age sfructure
and growth histories in old-growth forests. In 12 beech stands (from recently unmanaged to old-
growth forests), widespread over a lafitudinal (42° + 48° N) and altitudinal gradient (450 + 1850 m
asl) in the Alps and the Apennines, we analyzed age stafistics of dominant frees (DBH>40 cm)
belonging to the forest canopy. We developed 6 indicafors: Agew.., Ages (mean length of the 5
oldest free-ring series), Agec...,, (Mean age of canopy frees), age Range and Standard Deviation (SD)
of canopy frees, Mean Suppression Index (MSI). To fest the accuracy of our indicafors as descriptor
of foresft naturalness we developed disturbance chronologies for the high-mountain old-growth
stands using the boundary lines release criteria (Black & Abrams 2003) fto identify radial-growth
releases associafed to anthropic disturbance. Age indicafors were correlated fo elevation. The oldesf
sifes (Agen.,>550 years) were found af the highest elevafions in central Apennines, where age ranges
of dominant frees were considerably larger (~450 years) compared fo mounfain (Age.>300 years;
Range~230 vyears) and low-elevation recently unmanaged (af least 50 years) stands (Age.>200
years; Range~120 years). Standard deviations of ages were high (maximum SD = 136.4 years) in old-
growth stands. Within the same bioclimatic belf a remarkable difference emerged between old-
growth and recently unmanaged stands and within primary vs secondary old-growth sfands. Multiple
suppression phases (high MSI) were common in the old-growth stands. Disturbance chronologies
evidenced the absence of synchronous diffused disturbances ascribable o silvicultural acfivity.

Our chronological indicafors seems to hold the potential to discriminate different degrees of old-
growthness. They are suitable to be infegrated with the most common sfructural indicafors of
nafuralness (e.g. rotated-sigmoid diametric distributions) in monitoring programs.

References
1) Black BA & Abrams MD (2003). Use of boundary-line growth patterns as a basis for dendroecological release criteria.
Ecological Applicaftions 13: 1733-1749
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Effects of Anoxia arenbergeri outbreaks on tree growth in Taurus cedar

forest using annual tree-rings analysis
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Anoxia arenbergeri is a new species of pest insects in Taurus cedar foresfs. The insect damage has
been monitored in a Taurus cedar planfafion forest approximately 4 km away south from Isparfa city
cenfer in West Mediterranean Region of Turkey since 1997. Its larvae feed on roofs, while adults are
harmful to needles. The damage on roots can cause death of many young cedars in planfafion areas.
The insect has a life cycle of four years. Outbreaks have been determined every one-in-four-year
period between 1997 and 2009. Years of outbreaks are characterized with dramatic increase in adult
population size. Flight period starfs at the end of June and confinues until July. Damage increases af
fhe edge of stands, in sparse stands, and on single trees. As a result of adulf feeding, frees
complefely lose ftheir leaves and this causes negative effects on increment and growth of the trees.

In this sfudy, reconsfruction of insect infestation and its impact on free growth were examined using
free-ring analysis. Cores were sampled from 50 frees growing at heavily damaged sftands.
Differences in annual ring widths in different years during the defoliation period (1997 -2011) were
fested using ANOVA. Duncan’s multiple range test was applied ro defermine whether or not there
were significant differences in annual free-ring width befween defoliation and non-defoliation years.
As a result, there was a significant difference in annual free-ring width between defoliation and non-
defoliation years. Mulfiple comparisons indicated that difference between defoliation years and the
first non-defoliafion years were nof sfafistically significant, whereas these fwo years and last two years
(third and fourth non-defoliation years) were significantly different. Negative impact on increment
increased slightly in the first non-defoliation years and then decreased in following non-defoliation
years. The mean annual free-ring width in defoliation and following non-defoliation years were 3.95,
3.51, 4.57, and 4.69 mm respectively.
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Multifactorial analysis of tree-ring widths and 6*C in a beech forest
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Dendroclimarology seeks as much as possible a pure climafic signal in free-rings. Hence, sampling
usually is not performed in dense or managed forests, so that to limit the effects of competition and
disturbance on free-ring widths. This study atfempts to recognize forest management, mefeorological
and climatic signals on free-ring widths and carbon isotope composifion (8"°C). Six trees were
sampled in a Danish even-aged beech forest and mixed-effect models were applied using age,
modeled thinning effects, free rank status, mean monthly temperature and precipifation of growing
season, fofal solar irradiance and the Scandinavian patffern as explanatory variables of free-ring width
and free-ring 8'°C as response variables. Preliminary results for the tree-ring widths showed a strong
defrimental effect of age and a sfimulating effect of total solar irradiance on ring-width of dominant
frees although no evidence for effects of thinnings could be defected. As far as carbon isotope
discrimination (A) is concerned, significant effects were found for the rafio of temperature over
precipifation of the growing period. Trees showed lower A in years with higher mean femperafure
and/or lower precipifation during the growing season, suggesting higher water-use efficiency under
more sfressful environmental condifions. This effect is augmenfed in dominant frees. The highest
performing thinning model involves a femporary optimal physiological condifion on surviving frees just
affer thinning and an increasing sfress peaking 3 years affer thinning. This effect is augmenfred but
reversed as frees grow older, and for co-dominant frees. The sfudy indicafes that mixed-effects
models are useful tools in discerning the signals of the different drivers of frees growth.

49




TRACE 2013, 8—11 May 2013, Viterbo, Italy Session 11 — Posters

Annual growth rates and carbon budget of different tree functional types

in a tropical mountain forest in Ethiopia
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Tropical forests commonly are composed of a high number of tree species belonging fo different
functional types. Since little is known abouft species-specific growth behavior and ecological
functionality of different functional types of trees, we studied growth rafes of a pioneer broadleaved
deciduous free (Croton macrostachyus, Euphorbiaceae) and a lafe successional evergreen conifer
(Podocarpus falcatus, Podocarpaceae) and registered annual growth with electronic dendrometers
(Krepkowski ef al., 2011). Afrer a '°C labeling experiment, we also analyzed infra-annual variations of
6'°C in the wood of both species. C. macrostachyus forms annual ring boundaries allowing
crossdating of different radii measured on stem discs. In confrast, the evergreen P. falcatus is able to
starf growth whenever moisture conditions permit. Hence, it forms ring boundaries, buf also density
variations and false rings if several humid periods per year occur. The two species differ considerably
in their carbon storage behavior: whereas the signafure of enhanced 8'°C can be followed in P.
falcatus for more than two vegetation periods, it quickly decays in C. macrostachyus (Krepkowski et
al., 2013). We conclude that the various functional types of fropical frees differ in their cambial
phenology and carbon carry over effects. The varying sfrategies of carbon allocation between early
successional and late-successional free species have implications on plant-soil-atmosphere carbon
balances of different forest successional stages, which have to be considered for carbon
management of fropical foresf landscapes.
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Thinnings in beech stands: a multi-approach analysis to unravel positive

and negative effects
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The response of trees fo thinning can be influenced by several factors. The benefits related to the
increase of available resources are offen reduced by the stress linked to the fast change of
condifions. This confrast can affect the biomass increment for several years, impacting free
productivity. In the contest of an European Project (LIFEO9 ENV/IT/000078 ManFor C.BD. “Managing
forests for multiple purposes: carbon, biodiversity and socio economic wellbeing”) silvicultural
freafments of different intensities have been and are being performed in 10 sites (7 in Italy and 3 in
Slovenia). In 5 of these sites (3 in ltaly and 2 in Slovenia), a study aimed fo investigate the stand
response fo thinning in term of fime of reaction and variation of the growth rate, has been inifiated.

The response expected from frees is an investment in terms of resources and growth ar crown level,
resulting from a translocation of macronutrients in this free compartment. Different freafment theses
should result in different responses in terms of nifrogen allocafion, variation of the growth rafe and
fime of reaction. In order ro invesfigate these three aspects, the methodology of the work involves:

« sef up of the experimental design based on the Randomized Branch Sampling principle;

+ collection of crown samples by tree-climbing (foliage, twigs and cores);
« collection of cores at dbh level;
« synchronizafion and comparison of increments befween rings width and twigs length;

« analysis of the N confent of the various plant component before and after thinning.
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No rain - No rings?

Growth of Prosopis tamarugo in the Atacama Desert, Chile
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Vegetafion in the hyper-arid Atacama desert Northern Chile is sparse and woodlands are rare. The
endemic Tamarugo free (Prosopis tamarugo Phil) can be seen as an exfreme case for adaptation fo
fhese harsh conditions. If occurs specifically in areas with shallow groundwater. The dense wood of
Tamarugo has been extensively used for railroad consfructions and mining (Briones, 1985), with the
consequence of almost complete extinction of this species. In the 1960ies the Chilean government
starfed a conservafion program in the ‘Pampa del Tamarugal Aquifer’ leading fo the establishment of
13.800 hectares of Tamarugo planfations between 1965 and 1970. Currently these trees coexist with
remaining native forest populafions, almost all strictly protected by the Chilean National Foresf
Service (CONAF) (Aguirre & Wrann, 1985; CONAF, 1997). Recently, exfraction of groundwater by
mining companies in these area pose a new threat fo the survival of Tamarugo. Yef, no
dendrochronological sfudies have been conducted on these frees, besides an archaeological study
by Rivera et al. (2010). This study aims at assessing the impact of climate factors and groundwater
deplefion on the radial growrh of Tamarugo planted in the Atacama desert. Although we succeeded
in detecting annual rings, ring defecfion was not sfraight forward due fo frequently occurring infra-
annual density variations. Radial growth is fast during the juvenile phase and rapidly decreased af the
age of ~20. Whereas no relafion with climafe facfors, i.e. evapofranspirafion, relative humidity,
femperafure and precipitation for annual and seasonal effects was found, groundwater depletion
affected radial growth of our study trees. Reduced radial growth confirms the already observed
symptoms of dehydrafation (i.e. % green canopy) as a cause of groundwater depletion (Chévez &
Clevers, 2011).
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Faidherbia albida is one of the most important species among the deciduous leguminous frees, and
widely distributed in sub-Saharan Africa. The free has a distinctive phenology: it bears leaves and
flowers during the dry season and sheds ifs leaves during the rainy season. Due to its reverse
phenology the species is commonly used and promoted in agroforestry.

There is a subsfanfial gap in fundamental knowledge concerning how agroforesiry species grow in
response fo climafte variability, and therefore how they might react to future climafic change. We
collected samples of F. albida from Malawi, southern Africa, to determine age for biomass
esfimations and fo understand ifs climafte growth relafionships. F. albida is a fast growing species and
it forms growth boundaries characterised by marginal parenchyma bands. The study is still on-going
and it will strive to answer the climatic factors that frigger formation of rings and some insight for ifs
reverse phenology.
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Tree-ring study of the impact of channelization-induced channel incision
on the condition of riparian forest. Czarny Dunajec river, Polish
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Some secftions of the Czarny Dunajec, a gravel-bed river draining the Polish Carpathians, incised
deeply in response to channel regulafion. This study was intended fo defermine the impact of rapid
incision of the river induced by the channelization performed in the late 1970s on the condifion of
riparian forest. The bed of the regulated channel was positioned abouf T m lower than that of the
former, natural channel, and the channelization has been followed by further 0.5 m of channel
deepening. Tree-ring widths were compared between the frees growing along the incised river
secfion and those in an undisfurbed, mulfi-thread section, where the river has remained vertfically
stable. Grey alder (Alnus incana (L.) Moench) and willows (Salix spp.), typical of the riparian forest,
were sampled at both river sections, and in the incised section European larch (Larix decidua Mill.)
planted along the river bank approximately af the time of the channelization was also surveyed. For
both sites, the dependence of tree growth on precipifafion tofals as well as minimum and mean river
discharges was defermined for the common period of ~ 40 years. In the years with low precipifation
fofrals and river flows, alder and larch growing along the incised channel secfion develop remarkably
narrow rings as they suffer from water deficit. In confrast, no such defrimental impact is recorded in
fhe frees growing along the undisturbed river section.
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Provenance-based variation of growth reactions of four origins of Norway

spruce (Picea abies) to climate conditions in Eastern Poland
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The purpose of this sfudy was fo defermine the variability of reactions of four provenances of
Norway spruce growing within an area in Wyszkdw (Eastern Poland) established in 1963 for the
Forest Research Insfitute studies (Matras 2002, Klisz 2004). The area was established as a system of
random blocks with four repetitions. In tofal there were 10 frees selected from each origin and from
those frees the increment cores were sampled. Standard measurements of ring width were
performed using the WinDendro soffware. Raw dafa were indexed and subject to dendroclimatic
analyses based on the average monthly temperatures and precipifafion rafes in 1964-2012. In order
fo check the consistency of dara and to defermine the indicator years the COEFECHA software was
used. High rafe of dafa consistency and variability of reactions of parficular provenances to climafe
condifions were observed. The sfudy results will give important informafion on the selection of the
populafions which are best adapted fo grow in Eastern Poland climate conditions.

References

1) Matras, J., 2002. Long term research on dynamics of growth of Norway spruce (Picea abies Karst.) provenances (in Polish).
Journal of the Forest Research Institute, Series A, 3 (941), 77-95.
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The effect of black cherry understory on growth of Scots pine
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Black cherry (Prunus serofina) is a north American species that in the middle of 20" cenfury was
massively infroduced in Poland info pure Scots pine (Pinus sylvestris) forests to improve site quality,
pine growth conditions and fire protection. However, the species spread out rapidly, causing serious
disruptions in forestry and nafure conservafion. Currently, because of its high ability to propagafte P.
serofina is considered as an invasive and hence dangerous species.

Objective of the study was to compare the radial growth of P. serofina and P. sylvestris growing
fogefther to assess the potential level of concurrence befween these species. For comparison we
also studied radial growth paffern of Scofs pine growing without P. serotina understory.

Material was gathered in three pairs of Scofs pine stands. Each pair consisted of one with extensive
abundance of black cherry in the understory and ofther without P. serofina. Analyzed stands
characterized with similar age, soil conditions and origin. 20 increment cores per species per site
were collected and free-ring widths were measured. Standard chronologies were built and growth
pafferns compared. Addifionally we analyzed the influence of extfreme weather conditfions on radial

growth of both investigated species.
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Aim of this study was fo investigate and compare the rhythmic changes in radial growth of Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies L. (H. Karst)) growing in the same, extremely
unfavorable habitat conditions.

The study was conducted in July 2012 in Amarova Experimental Forests near the town Géllivare in
northern Sweden (67°07'N, 20°00'E), north of The Northern Arctic Circle. Due to location at swamp
habitat and nearness fo the north distribution range of both species, the research area represents
very limifing condifions for free growth.

The collected material consists of fiffeen increment cores per species. The tree-ring widths were
measured and used fo create three fypes of chronologies (real, standard and residual one) for each
species. The correlations befween free ring width and thermal and pluvial factors were investigated.
Comparafive analysis of both chronologies and pointer years confirmed the research hypothesis,
stafing fthat the ecological requirements of both species determine a different response in radial
growth to the same unfavorable habirar condifions.
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Comparison of the influence of climate on tree rings growth in spruce

coming from three different enviromental conditions

.1 . .1
M. Magnuszewski' , M. Czajkowski
"'Warsaw University of Life Sciences, Forest Faculty, Division of Dendrometry and Forest Productivity

Correspondence: Michal.magnuszewski@wl.sggw.pl
Keywords: Norway spruce, Schrenk spruce, Kyrgyzstan, Poland

Spruce is one of the most popular frees species in the word. The Norway spruce, Schrenk’s spruce,
Himalayan spruce and Siberian spruce belong fo the same systematical group of spruces (Bykov
1985). However they are located in different geographical and altitudinal conditions in the word. This
study compared two kinds of spruce growing in two different countries and under different climat
conditions. The Schrenk spruce come from north part of Kyrgyzstan (West Tien-Shan mountains),
Sary-Chelek Biosfere Reserve elevation 2000 a.s.l, Norway spruce from north part of Poland
(Karpaty mountains, from Tafra National Park) with an elevation of 1100 m, and the third places were
in south-east Part of Poland- Lidzbark Forest District. From all studied places were taken 15-20
increments cores (one from each tree), with Pressler borer. Tree-ring width was measured using
CooRecorder 7.3 software (www.cybis.se). A preliminary analysis of obfained measurements was
conducted to verify their accuracy using CDdendro 7.3 (www.cybis.se). Dendrochronological analysis
were conducted according fo standard dendrochronological software using programs from DPL,
Laborafory of Tree-Ring Research, University of Arizona, Tucson, Arizona USA. To exclude samples
with low cross-correlaftion, additional analysis were performed using COFECHA program (Holmes
1983). Affer rejecting outliers in terms of the similarity of growth, ARSTAN software was used (Cook
and Holmes 1986; Cook and Kairiukstis 1990) fo creafe free ring width (raw dafa) and residual
chronologies. The resulfing residual chronologies were used fo assess growth-climate relafionships
with a response function model (Fritts 1976). For each study plot Pearson correlation coefficients
were calculated for climate dara from the residual chronology. Significance of fthe observed
relationships was recognized at p=0.05 level.
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We have analysed free-ring series from European silver fir growing on selected landslides and sfable
slopes in the Beskid Niski massif (Western Carpathians). We have taken samples from 42 trees, from
up- and downslope sides of stems. The analysis of free-ring widths (calculations of tree-ring
reductions, and eccentricity index values) revealed the presence of: (1) decrease in free-ring width
within the whole stem perimeter (both on up- and downslope side), (2) or decrease in free-ring
widfh only on one side of the stfem (eccentric rings). Double-sided reductions occur mostly in: 1860-
1915, 1930-45 and 1960-1990. Their presence was connecfed with: indusfrial revolufion and
development (i.e. air pollution) interrupted by the outbreak of the First World War, industrialization in
the interwar period and after the Second World War (finished by restructuring in 1990s). Eccentric
growth was aftributed fo the effects of landsliding and analysed calculating the level of free-ring
reductions for up- and downslope cores separafrely and also using percent eccentricity index. Past
and confemporary acfivity of studied landslide slopes was proved, in particular it was found thaf they
were sfrongly acfivated in: 1957, 1996 and 2010. In our studies we affempf to separafe
dendrochronological record of air pollution from the record of landsliding. Long-term air pollution is
recorded as a general reduction of free rings, whereas landslide activity of bedrock, which causes
stem tilfing, is recorded as one-side reduction of free-rings (eccentricity). The origin and way in which
studied disturbances are produced is different. Still they can overlap each other and influence results
of dendrochronological reconsfructions of landslide dynamics or air pollution history in mountain
areas, parficularly in the last 150-200 vyears. It was found that overlapping of two factors analysed
can cause increased frequency of wedging or missing rings occurrence among European silver fir.
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Annual growth of Pinus eldarica in relation to climate conditions in Karaj
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Pinus eldarica forest plantations locafted in the Faculty of Natural Resources, University of Tehran in
Karaj have been sfudied fo determine the average moisture confent of this species. In August the
moisture confent inside the tree was 59.11 percent. Earlywood (EW) growth rafe is higher than the
latewood (LW). As Pinus eldarica trees age rises the fotal ring width, EW width and LW width are
reduced. March femperafure can be an effective agent for sfarfing the growing season. Higher
March temperature is generafing an increase in early wood production and thus the annual ring will
be larger. Favorable Spring moisture and temperature can help to create favorable condifions for
wider annual rings.
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Response of tree-ring widfhs (TRW) of Norway spruce to climafic variables was analysed along nine
alfitudinal fransects in the Sudefes and Carpathians Mrs (Krkonose Mrs., Hruby Jesenik Mts. and
Krélicky Snéznik Mts., Czech Republic, and Babia Gora Mts., Slovac Republic). TRW chronologies
have been derived from the area of nafural occurrence of spruce with sampling plofs located at the
elevations of 1450 m and 1300 m (upper limit of closed forest), 1200 m, 1100 m and 900 m a.s.l.
The main objective of this study is fo compare effects of monthly climafic variables on TRW along
alfitudinal gradient. We built residual TRW chronologies spanning 90 to 300 years with sufficient
replication. The farget climate data (temperafures, precipitation) are represented by CRU 3.1 data sef
covering period from 1901 to 2009 (Mitchell and Jones, 2005).

The results show that with the exception of 900 m sites, TRW indices are significantly correlated with
the growing season temperatures as well as with preceding Ocfober femperafures. While sifes
above 1100 m show clear femperafure signal, climatic signal of 900 m sites is weaker. The highest
correlations were surprisingly found in 1200 m and nof in the freeline ecofone zone as expected.

It is concluded that, along the altitudinal gradient, all populafions above 1100 m react generally to
the same climatic variables, confrary fo the stands atf 900 m where the response fo climafic variables
is weak.

References
1) Mirchell DT, Jones PD, 2005. An improved method of consfructing a database of monthly climate observafions and
associafed high-resolution grids. Infernafional Journal of Climafology 25, 693-712.
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Despite the long lasfing history of human impacts on forest landscapes it is sfill possible to find
pafches of old-growrh forests in some remofe monfane areas all around Europe. Because of their
scarcity there is urgenf need to identify old-growth remnants and preserve their enormous ecological
and hisforical value. Dendrochronological analyses represent a powerful fool for reconsfructing the
history of ufilization of a sfand, by highlighting frequency and severity of natural and anthropic
disturbances. We present the result of dendrochronological studies conducted in 3 high-mountain
beech stands (Zwielauf, GéiBlucke, Kholersgraben) in the Kalkalpen National Park (Upper Austria),
showing potenfial old-growth feafures. Disturbance chronologies were developed by recording
radial-growth releases through the boundary line release criteria (Black & Abrams 2003).

The oldest tree was found af GéiBlucke (522 years), which is currently the oldest dated beech in the
Alps. Dominant trees showed a lifespan generally between 150-500 years and all forests hosted
mulfi-cenfennial frees. The oldest individuals are characterized by relevant suppression phases in the
early period of life, when frees are locafed in the undersfory. Growth rates were comparable
between sites (meanBAIl ~ 11-13 cm?/yr) revealing increasing trends for all sites in the last decades.
High-elevation frees exhibited a higher mean sensitivity (more responsive fo climate variability), while
the lower elevafion Kholersgraben showed higher first-order autocorrelation (less responsive fo outer
changes). The reconstructed disturbance history is dominated by frequent moderate disturbances
alrernated by rare high-severity events. These forests are in fact shaped by small gap disturbance
dynamics, where frees need mulfiple release events to reach the canopy layer.

Dendrochronological aftributes (free lifespan, growth histories, disturbance chronologies) confirm that
fhe analyzed sfands can be considered old-growth beech forests. The age of the oldest frees are
unique for the Alpine region concerning femperafe deciduous species and disfurbance chronologies
evidence low levels of anthropogenic impact.

References
1) Black BA & Abrams MD (2003). Use of boundary-line growth pafterns as a basis for dendroecological release criteria.
Ecological Applications 13: 1733-1749
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The abandonment of coppice forests is thought fo be the major reason for the rare occurrence of
Sorbus torminalis in Central Europe. To support management and conservafion efforfs, we examined
the dynamics and growth of S. forminalis regeneration before and after coppicing.

The study was carried out in aged oak coppice forests stands in south-west Germany which were
left unmanaged for more than 80 years. To describe species regenerafion processes during fthe
unmanaged period we invenforied all individuals <1.3 m fall within ten 1x50 m strip transecfs. Age of
these individuals was defermined based on free ring counfs using microfome secfions. Species
regeneration and growth affer coppicing was sfudied within an area of 0.5 ha which was felled and
fenced during winter 2008/2009. Over the 4 subsequent years (2009-2012) regenerafion was
inventoried annually and growth of every individual was recorded.

Transect sampling indicated that S. forminalis regenerated in closed forests only through root suckers.
Tree ring analysis showed that these root suckers (N=93) were of different age, hence no substantial
pulse of regeneration was idenfified. Some of them developed already 18 years before sampling.
Following coppicing and fencing, S. forminalis increased considerably in the regeneration layer
during the three subsequent years from 240 ha™ in 2009 to 1160 ha™' in 2011. Roof suckers
accounfed for 70% of S. forminalis regeneration. The remaining share was formed by stump sprouts
and no seedlings were found. Average annual height growth of suckers declined from 30 cm
(2010/2011) to 20 cm (2012) indicating competifive interactions.

Our results indicate that S. forminalis, analogously to seedling banks in ofher free species, establishes
a persistent bank of root suckers in undisturbed forests. Release of these individuals occurs with
coppicing and likely other disturbances. Confrol of browsing pressure and competing vegetation will
greafly assist the establishment of this species.
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Iceland is one of the most volcanically acfive regions in Europe. Mount Hekla (1491 m a.s.l), an
acfive fissure sfratovolcano, a summit of almost 40 km long ridge (part of Iceland's East Volcanic
Zone) is one of the main volcanoes on the island (VEI=3). Volcanic eruptions in Iceland have
influences on the climate and the growing conditions of vegetation. Tephra (volcanic ash) can both
have negative or positive effects on the growth e.g fephra in small quantities can have ferfilising
effects. The use of free-rings as a proxy for the effects of volcanic activity is limired in Iceland due o
little forest cover and the young age of frees in Iceland. Downy birch (Betula pubescens Ehrh.) is the
main nafive tree species there. The aim of this sfudy was fo fesf the dendrochronological method fo
define a volcanic influence on the forest growth. Two sites were sampled, one on the slopes of
Burfell Mountain (669 m a.s.l.), part of the Hekla ridge and the second one in Vatnshornsskogur, 100
km NW from the volcano. Fifty frees per site were sampled and standard dendrochronological
fechniques were used fo produce and test fime series of TRW. The frees on both sites were
relatively young (~ 100 years) and to enhance the signal different methods of chronology computing
employing ARSTAN were used. Sulphur content in xylem, as an indication of a direct volcanic
influence, was also measured. The dendroclimafic analyses were performed for both sites using
instrumental and CRU grid data of temperafture and precipitation. The length of chronologies allows
us fo fest the influence of Hekla eruptions on the Downy birch during the 20™ century: 1947-1948,
1970, 1980, 1991 and 2000.
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Dendrometer

U eltmess- und Datentechnik
Munchner Str. 22
D-85221 Dachau
Germany
Tel.: ++49 8131 260 738
Fax: ++49 8131274 434
info@ecomatik.de
www.ecomatik.de

Dendrometers are instruments for continuous measurement of plant
growth (changes of diameter). Data of dendrometer document the re-
actions of plants to environment in high temporal resolution. They are
therefore a cost-effective and useful tool for study on relationship of plant

and environment.

Type DD-S Diameter

Dendrometer Small. Suitable for

small trees and agricultural plants
like wheat. Due to a patented fixing

Type DD-L Diameter
Dendrometer Large.
Suitable for diameter 3-30
cm. No injury to plants

Type DR Radius
Dendrometer. Suitable
for diameter>8 cm

technique nearly no strain on plants

Type DC1 cCircumference
Dendrometer 1. Suitable for dia-

meter 5-30 cm. No injury to plants

Type DC2 and DC3
Circumference Dendrometer 2
and 3. Improved version of DC1,
suitable for diameter >5 cm. The
automatic adjustment of pressure

to the tree enhances sensitivity and

enables the comparison of
measuring data of different tree
size. No injury to plants

Type DRW Root and
under Water Dendrometer.
Suitable for roots and water
plants

Data Logging and Communication

® ECOMATIK dendrometers are compatible with all
popular data loggers (e.g. Campbell, Delta-T, DT80)

® ECOMATIK provides a dendrometer logger DL15
and a wireless data logger.

Type DF Fruit
Dendrometer. Suitable
for diameter<11 cm

Dendrometer Logger DL15:
4 channels, battery powered,
weather proof, runs on an
internal battery more than one
year. Suitable for long-term
monitoring tree growth.
Dendrometer logger DL15
Wireless Data Logger: Logs and wirelessly transmits
real-time data to your computer, suitable for intensively
monitoring tree growth in small area (green house, nursery)
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Growth Curves measured with Dendrometers
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Worldwide users of our dendrometers in more than 40 countries

Universitat Politécnica de Catalunya, Barcelona
Chinese Academy of Forestry, Beijing

Swiss Federal Institute for Forest, Snow and
Landscape, Birmensdorf

Universitat Bonn, Dendroékologisches Labor, Bonn
Deutsche Forschungsgemeinschaft, Bonn
DBIO-APNA, Brussels

Vrije Universiteit Brussel, Brussels

INRA-EPHYSE, CESTAS Cedex
Brandenburgische Technische Universitat, Cottbus
Debrecen University, Debrecen

Johann Heinrich von Thiinen-Institut, Eberswalde
University of Erlangen-Nuremberg, Erlangen
University Duisburg-Essen Essen

Technische Universitdt Minchen, Freising
Bayerische Landesanstalt fur Landwirtschaft, Freising
Justus-Liebig Universitat, GieRen

Thuringer Landesanstalt fur Wald, Jagd und Fischerei,
Gotha

Ernst-Moritz-Arndt-Universitat, Greifswald
Universitat Hamburg, Hamburg

Leibniz Universitat, Hannover

Universitat Innsbruck, Innsbruck

BFW, Innsbruck

Max-Planck-Institut fir Biogeochmie, Jena

University of Western Ontario,London

Lund University, Lund

Johannes Gutenberg University Mainz, Mainz
Ludwig-Maximilians-University Munich, Manchen
Helmhoeltz Zentrum Minchen, Neuherberg

Tulane University, New Orleans

Lamont-Doherty Earth Observatory of Columbia, New
York

USDA Forest Service, Olympia

Norwegian Univ of Life Sciences, Oslo

University of Oxford, Oxford

Helmholtz-Zentrum Potsdam, Potsdam

Beuth Hochschule fir Technik Berlin, Potsdam-Bornim
CSIR Natural Resources and the Environment, Pretoria
Direction de la recherche forestiére, Québec

McGill University, Québec

Q3HP, St Paul-lez-Durance

National Taiwan University, Taipei

Bayerisches Amt flr forstliche Saat- und Pflanzenzucht,
Teisendorf

Technische Universitat Dresden, Tharandt

University of Aarhus, Tjele

University of Arizona, Tucson
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During the course of the last 30 vyears, pile-dwelling research in SW Germany provided a large
amount of sample sefs for tree-ring investigations (period considered for the Neolithic lake-shore
occupation: 4100-2400 BC). Beyond the dafing work involving numerous shorf tree ring sequences,
dendrotypological models could be developed. From clearing activifies fo fthe forest degradafion
over intermediate coppice practices, these models show a sfrong relationship between woodland
use and demographical developments in a region largely covered by fthe forest af that time. More
recently, the dendrofypological framework could be improved by the considerafion of cross-
correlafions and ecological parameters (e. g. for oak: cockchafer signal, sapwood proportions...).
Finally, it appears fthat in the background of the climafe evolution, sub-regional patterns of sefflement
development can be directly linked ro the woodland management and fo the ecological susceptibility
of the area of study. With dendro-groups as basic units of a mulfi-approach directed to various
aspects of humanology and nafural sciences, dendrotypology (Billamboz 2011) can be seen as a key
system of dendroarchaeology as well as a reliable interface in transdisciplinarity.

References

1) Billamboz, A. 2011. Applying dendrotypology fto large fimber series. In: Fraiture P. (dir.). Tree Rings, Art, Archaeology.
Proceedings of the Conference in Brussels , Royal Institute for Cultural Heritage, 10-12 February 2010, Scientia Artis 7
(Brussels 2011) 177-188.

68




TRACE 2013, 8—1 May 2013, Viterbo, Italy Session 111 — Talks
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In the framework of an art-historical, technical and archival infernafional research project on the
sculpftures aftributed to the late medieval sculptor “Master of Elsloo” (Peeters F., in preparation), we
were enfrusted with the dendrochronological analysis of 52 sculptures. Our objective was to bring
chronological information for this production, to describe the characteristics of the wood used with
questions regarding wood selection, fo document the different sculptures made from a single tree as
well as fo precise the geographic provenance(s) of the wood. Despite the difficulfies mainly due to the
offen poor dendrochronological quality of the frees - young, irreqularly grown, complacent - the results
represent a real achievement which is greafly due fo the large number of sculpfures analyzed. Based
on our research, the Elsloo group can be dafed befween the exireme end of the fifreenth and the
middle of the sixteenth cenfury (the absence of sapwood on most of the sculptures prevents fo more
precisely circumscribing the period of activity, even though several indices reveal a maximal
exploifation of the trees and an absence of seasoning time). In ferms of wood selection, important
differences in ages of the frees as well as in the growth rafe have been nofed; most of them moreover
show a rather irregular growth, fypical of isolafed trees or grown in open forest. Concerning
provenance, fhree disfinct groups have been identified, in the region of Maastricht, somewhat
upsfream on the Meuse fo the south-west (modern Belgium), and an imported supply, either form the
Meuse Basin upsfream from Maastricht or from the Ems Basin between the Netherlands and Germany.
This inferdisciplinary study led to a more complete and nuanced picture of the oeuvre that was so far
ascribed fto the “Master of Elsloo”. This also created greater cerfainty regarding aftribution, timeframe
and workshop practices.
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Starting points for dendroarchaeology in Catalonia
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Among historical evidence recorded in an archaeological dig in 2009 in Barcelona (Spain), that may relate to a
long rural occupation from the Iberian age fo the Late Anfiquity, the finding of a well, partially built in wood,
assumed greaf importance. The wooden elements allowed us to obtfain a synchronized chronology of 130 years
of Pinus sylvestris/Pinus nigra, which represents the first dendrochronological curve from the Roman age in
Catalonia. For the moment the curve cannot be dated by dendrochronological correlation. The importance of
the find, however, helped fo raise awareness of dendroarchaeology with the relevant authorifies for cultural
heritage preservafion, and thanks to public funding by the autonomous Catalan government and the municipality
of Barcelona, we are currently frying fo anchor the curve to an absolute dating by applying the radiometric
dating fechnique called” wiggle mafching”. The communication will be focused on the following related issues:

- An infroduction to dendroarchaeology in Catfalonia, a region where, despite a well-established fradifion of
dendroecological sfudies that allowed the building of several chronologies (some of which are more than 600
years long, see Gufierrez et al 1998), the field has been fraditfionally neglected and has just recently been
aftracting aftention (Gassman 2000, Gutierrez 2008, Soberdn et al 2012).

- An archaeological confextualization of the archaeological site and a description of the structure from which
the curve was acquired, with reference to similar examples.

- Chemical treatment of the samples, found in anaerobic condifions, to stabilize and preserve them for
dendrochronological purposes, and degradafion parameters.

- Preparation of the samples for "wiggle mafching”. This is to be undertaken without the support of an
Accelerafor Mass Spectrometry, and so the samples need special preparation for fraditional liquid scinfillafion.

- Some notes about forest management and wood supply in the Roman age in Catalonia, the study of
which, until now, has been mainly based on pollen and carpological analysis (among others, and with the
purpose of summarizing scaffered dafa throughout the territory, see Buxd 2009, Riera 2005). Addition of new
dafa to thar already know.

- Development perspectives of dendroarchaeology in Catalonia.
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Study of the conservation state and of some archeometric characteristics

of a panel painting icon form the XIX™ century
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This paper presents a case study on fthe panel painfing icon “The grieving Mother”, creafed by an
anonymous painter, with fempera colors on a wood panel, most probably of lime wood. The icon is
from a private collection in lasi, presumably from the XIX" century. The study focuses on the
identfification of some archaeometric characterisfics of the wood panel. Using the Opfical Microscopy
(OM) and the scanning elecfron microscopy connected with X-ray specfrometry (SEM-EDX) the wood
species was identified as Tilia cordata Mill. With the help of the free rings seen on the edge of the
panel painting there were esfablished the approximate minimal age of the free and the panel’s cutting
place in the frunk. For an extensive characterization of the materials and ftechniques used in the
painting process, and also for the analysis of the conservation state, Mulfispectral imaging analysis
and Fourier fransformed infrared spectrophotometry (FTIR) were used. The corroboration between
fhe analytical fechniques, pointed outr some defails along the painting process, the pigment
idenfification used in the painting layer, as well as the confirmation of the wood species.
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Preliminary results of stable carbon and oxygen variability of 12,000yr-old
Kauri (Agathis australis) from New Zealand. Towards a
dendroclimatological reconstruction of the Late Glacial-Early Holocene

transition in the Southern Hemisphere
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Extensive research has been performed on the so-called “Younger Dryas” Cold Reversal, but mainly
in the Northern Hemisphere. Drasfically cooler conditions have been revealed for most parfs of the
Northern Hemisphere and indicared by fossil remains of Dryas ocropetala, an arctic-high alpine plant.
However, it is sfill questionable if the climate of the Southern Hemisphere behaved similarly in fiming
and exrent of cooling. Tree rings of New Zealand Kauri representing the period from 13,100 fo
11,800cal BP are being investigated for their stable isotope content offering a unique opportfunity for
the reconsfruction of the hydro-climatic condifions of Northern New Zealand. We are aiming for a
beffer understanding of the global climate dynamics during the Lafe Glacial-Early Holocene fransition.
Kauri is an evergreen coniferous long-lived tree species, resfricted to subfropical forest north of
38°S. For the current stable isotope study well preserved wood material was selected from a
subfossil Kauri chronology of 38 frees excavated on a farm in the far North of New Zealand.
Preliminary results will be presented and discussed on our posfer in view of present-day isofope
variability in free-rings and afmosphere.
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Common signals in palynological and dendrochronological records: the
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Paleo-environmental sfudies have shown correlations befween climafe variations, anthropogenic
impacts and evolution of forest landscapes. The analysis of fossil pollen preserved in sediments
allows paleoecologists fo defect past modifications of vegetation (e.g. forest degradation/expansion)
related fo economic-socio-culfural changes and climafic oscillafions. High-resolufion beech pollen
concenfrafion recorded in a portion (1450-2000 AD) of a 570 cm long core (covering about 2000
years) of lake sediments exfracted in 2009 from Lago Lungo (Riefi basin, cenfral ltaly) was compared
fo a five-century long (1488-2011) tree-ring chronology developed from three high-mountfain old-
growth beech forests (Scangive, Val Cervara, Coppo del Morto) and to a three-cenfury long (1711-
2009 AD) chronology related fo three mountain secondary old-growth beech stands (Fonferegna,
Morino, Cimino). To represent beech growth fluctuations, free-rings series were converfed fo
Percent Growth Change (GC) series, according to the Radial growth averaging method (Nowacki &
Abrams 1997) using 25-yr temporal windows.

The comparison befween pollen dafa and GC chronologies shows sfriking similarities in the medium-
low frequency domain (e.g. 25 yrs). A predominant climatic confrol over pollen concenfration was
found for large parts of the record (e.g. ~ 1480-1800 AD and then again after 1950 AD): favorable
growth phases (positive GC) correspond fo peaks in pollen concentrafion, while low pollen
concentrafions occur during phases of reduced growth rates (negafive GC). A low correlafion
between pollen data and GC chronologies was found in other porfions of the records (e.g. 1630
AD) as a consequence of land-use changes, like forest expansion associated fo periodic
demographic crisis sfarted after the Black Plague in the XIV century.

Our results provide evidence of a common climatic signal between pollen records and tree-rings
chronologies. Ar decadal fime scale, pollen production is higher during favorable vegetative/growth
phases. A detailed hisrorical/bibliographical reconsfruction of landscape evolution in the study area is
required fo disenfangle the effects of anthropogenic impacts on forest area from climatic variafions.
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Towards a long neolithic chronology in north-western France?
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The limited exposure fo the swell and the strong streams of spring tides (Morzadec-Kerfourn, 2002)
of the Mont-Saint-Michel Bay (North-western France) has allowed a very good preservafion of
organic deposits among which wood datable to the Neolithic and Bronze Age period. Its richness of
maferial thus represenfts an exceptional tool fo build North-western long tree-ring chronologies.
Indeed, in this geographical area, absolute dafed confinuous chronologies only extend back fo 350
BC. Our study concerns more precisely both timbers, sampled in the Neolithic sefflement of Lillemer
(Laporte ef al.,, 2007), and subfossiled logs revealed in its surrounding marshes. Radiocarbon dafing
made on this corpus show a range extending from 5300 to 4000 cal BC, underlying the exceptional
potfential of this site. The study of 184 oaks allowed fto build 12 independent floating chronologies,
among which one is 404 years long. The absolute dafing of these local chronologies is however
very difficult for several reasons:

(i) Geo-climafic conditions in North-western France are less confrasted than in confinental Europe
where master chronologies were builr.

(i) A lack of absolute oak tree-ring chronologies before 4000 cal BC.

(iii) Periods of abrupt growth changes (flood signature) disturb deeply the signal.

Thus, the use of wiggle-marfching is inseparable from this kind of approach. The huge archaeological
and natural site of Lillemer is the very core of our PhD program by delivering the first cross-matching
between Britany and Normandy. In spite of low f-test values, radiocarbon dafing fends fo a
confemporaneity between these sites. Fiffy-two new radiocarbon dafing, currently in progress, will
therefore confirm or infirm these cross-correlations fo get independent absolute chronologies.
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Plant-climate inferactions have a strong influence on the global carbon cycle. We aim to study those
inferactions as well as climare variability refrospectively using tree rings, fo defect possible acclimation
on fime scales of cenfuries.

The abundance of the stable hydrogen isofope, deuterium (D) in plant material is influenced both by
climate and physiology. The D abundance of precipitation water carries a climate (remperature) signal,
which is fransferred to plant material. Besides this, franspiration creates a humidity signal, and enzyme
isofope effects creafe physiological signals. Finally, these signals can be modified by hydrogen
exchange during cellulose synthesis. If climafe and physiological signals can be separated and
detected simultaneously, they can be used to infer plant-climate inferactions.

Among the processes defermining the D abundance in plant material, biosynthefic reactions and
hydrogen exchange during cellulose synthesis are enzyme-catalyzed processes. Therefore, they affect
the D abundance in individual C-H groups, that is, they defermine the Deuterium Isofopomer
Distribution (DID). Deuterium Nuclear Magnetic Resonance allows measuring the DID.

In a D labelling experiment, we have studied hydrogen exchange during cellulose synthesis in oak and
spruce trees. Qur results show fhar hydrogen exchange with water is high for the C2-H group of
glucose. This means that C2-H acquires the femperafure signal present in source water.

In a CO, enrichment experiments, we have investigated relationships between DID and metfabolic
fluxes of primary C metabolism. We have evidence that the D abundances in the C6-H, group of
glucose reflect the photosynthesis/photorespiration ratio. This has been observed both in leaves and
free rings in manipulative CO, fumigation experiments but also in a 150 year free-ring series.

We conclude that DID measurements can be used for climare reconsfruction from free rings, and to
invesfigate  plant-climate interactions on long-time scales, such as CO, ferfilisation since
industrialisafion.
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Over the last years, cell anafomical analyses in free rings have been considerably developed. Wood
cell characteristics can carry valuable information on free response fo climate. Yef, due fo complex
and fime demanding analyses, most studies use radial rows of relatively few cells for each free ring,
and few rings for each increment core.

In the current study, we present a different approach: using the recently developed software Roxas,
we were able to skip most of the former limitations. The goal was fo fest whether, compared fo ring
width, tracheid number and size provide different indications on Norway spruce (Picea abies)
response fo climafe.

Increment cores were collected from frees along a 1000 m alfitudinal gradienf af Croda da Lago
(Eastern lralian Alps). Ring width analysis was performed following the standard protocol. For cell
anafomical analysis, thin sections (approx. 20 pm thick, 4 cm length) were prepared with a rofary
microfome. Images of cross secfions were capfured using a digifal video camera, and processed
with Roxas software. Descriptive parameters of cell distribution were calculated from hundreds to
thousands of cells from each ring.

July temperafure was the most imporftant factor influencing the inter-annual variability of ring width,
especially af high elevafion. Ar the cell level, fracheid number was strictly related fo ring width. On
the opposite, different indicators of fracheid size distribution (e.g., mean and maximum values) were
only parfially correlated ro ring widrh and provided new ecological information, such as the effect of
early summer temperafure, on free growth.

This new approach allows to develop long wood-anafomical chronologies, which can give us new
hints on the understanding of conifers’ responses fo climate.

8




TRACE 2013, 8—1 May 2013, Viterbo, Italy Session IV — Talks

Stem anatomy and tree rings in a regional Mediterranean flora

A. Crivellaro'

" Dept. Land, Environment, Agriculture and Forestry, University of Padova,
Viale dell'Universita 16, 36020 Legnaro, Padova, ltaly.

Correspondence: alan.crivellaro@unipd.if

Keywords: wood anafomy, bark anatomy, shrub, Cyprus, phloem

Scientists offen use correlations between wood anatomical features and environmental facftors fo
hypothesize the primary drivers of evolution. In fact, on the one hand, wood evolution has been
driven by funcfional adapfations fo climare changes, giving rise to multiple parallelisms and reversals
in xylem anafomical structure. On the other hand, improvement of our understanding on how climafe
change will affect plants community susceptibility fo existing and new climatic conditions can be
reached by using wood anatomical features and annual ring variafions as climafe proxies. Moreover,
recenf bark anatomical analysis showed that species’ habifaf is strongly linked to a number of bark
features.

In freeless regions, shrubs and dwarf shrubs play an essentfial role in modeling relafionships between
wood anafomical diversity patterns and climafe, growth ring variafions and consequent carbon
storage within plant communities.

An extensive sampling campaign of shrubs and dwarf shrubs carried oufr on the island of Cyprus, in
the Eastern Mediferranean Sea, made it possible fo analyze wood and bark anafomical features for
ecological and evolutionary interprefation. The research showed a possibility for exfending
dendrochronological data collection fowards shrub lands in Mediterranean environment.
Refrospective sfudies such as comparafive anafomy, wood formation and dendrochronology
covering the whole endemic flora of the Mediterranean will become even more imporftant in a
confext of global change, with increased femperafures and uncerfain future rainfall pafferns and
important land use changes.
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Tree-ring variation, leaf phenology and wood formation are imporfant when studying the response of
frees to environmental signals. The aim of this sfudy is fo present the observations of radial growth in
beech (Fagus sylvatica) trees growing at different elevations in Slovenia, which is characterized by
fransifional climafe. Analyses showed that hot and dry summers have a negafive effect on tree-ring
widrh variafion af low elevations, whereas higher summer temperaftures have a positive effect af high
elevations. Long-term leaf phenology dafa collected by the Environmental Agency of the Republic of
Slovenia (ARSO) showed that year-fo-year variation in leaf unfolding (LU) was significantly correlated
with March temperatures af low elevations and with April temperatures af high elevations, where
significanf trends fowards earlier LU were also observed in the observed period 1955-2007.
General leaf colouring (LC) was relafed fo August and September temperafures with no significant
frends in the recent period (Cufar et al, 2012). Different tissue preparafion and observation
fechniques helped us fo evaluate the dynamics of cambial acfivity and fo define the main phases of
xylem and phloem formafion. Light microscopy was applied to observe the phenology of the
cambium, whereas fransmission electron microscopy enabled us to define the ulfrastructural changes
related to cambial activity and dormancy (Prislan ef al. 2011). The onsef of xylem and phloem cell
production by the cambium coincided with leaf unfolding. However, the first ultrastructural changes in
cambial cells related to cambial reacfivation were observed one month prior to the onset of cell
production. In addifion, significant differences were observed in the timing of the main phases of
xylem and phloem formafion af low and ar high elevafions. The combined dafa has helped us fo
better understand the environmental signals registered in free-ring widths and wood sfructure.
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Different components of wood vary isofopically and the strength of the relationship between climate
variables and the isofopic values in the different components is sfill in discussion. As cellulose
extraction is fime and cosf consuming several sfudies assessed whether whole wood could be used
instead and differ in their recommendations depending on site and species. Besides the strength of
the environmental signal, also the mean offsef in the isofope values between wood and cellulose can
vary sfrongly. This offsef is sife and species specific and relevant for the applicafion of isotope
models fo describe the mechanistic processes of isofope fixation in the free rings. We sfudy the
differences in the isotopic signafures and climafe signals between free-ring cellulose and solvent
extracted wood of Larix decidua and Picea abies af two ecologically different sites in the
Loefschental (Swiss Alps). Of four individual trees per species and site offsets between the two
different tree-ring materials were quantified and correlations calculated between free ring 8'°O and
monthly external variables, all for the fime period 1982-2011. First analysis indicate mean offsefs of
4.55%0 (£0.65%o0), 4.59%0 (20.72%.) and 4.85%. (+0.53%.) for larch af the tree line and for larch and
spruce af the valley bottom respectively. Climate correlation results suggest that (i) af the moist tree
line relafive air humidity is most important and together with vapour pressure deficit and 6'°O of
precipifation correlates stronger than at the dry valley boffom, where femperafure is more imporfant,
ii) the climate signal in wood of both sites and species is similar and as strong as in cellulose, (i) the
climate signal af the free line is stronger and dominated by summer conditions whereas winfter and
spring condifions dominafe af the valley boffom. We hypothesize that these systematic pafferns are
mainly driven by the soil water availability and tfemperature. The relationship fo relative air humidity
should mainly be inferprefed with respect fo ifs confrol on evaporafion effects influencing the
isotopic signafure of the source water.
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6’H, 83C and 80 isotopes in oak trees. relationship between earlywood

and latewood

A. Kimak', M. Leuenberger'
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Correspondence: kimak@climate.unibe.ch

Keywords: earlywood, latewood, stable isotope, free ring, oak

During this study we measured the 8'°O, 8'°C as well as 8°H isofopic compositions both in earlywood and
latewood. The origin of the samples is an oak forest (Quercus sp.), situated in the Swiss “Mitrelland” about 20 km
west of Bern near Salvenach. The samples are from two different fime periods, 1780-1825 and 1968-1994. For
the three isofope analyses we used an Isofope Ratio Mass Specfromefer (IRMS) with a Thermo Chemical
Elemental Analyzer TC/EA. (Leuenberger, and Filof, 2007) (McCarroll and Loader N.J., 2004). Correlations with
the HISTALP (Historical Instrumental Climatological Surface Time Series of the Greater Alpine Region)
femperature and precipitation records do not reach significant levels - most probably due fo the short fime
series. Best coherence are found for 5 year running means for oxygen and hydrogen isofopes whereas for
carbon it is the case for 10-15 year running means. This might indicafe thaf shorf-trerm signals can be befter
reconstructed with the “water-isotopes” (O, H) whereas carbon seems to be the better choice for reconstructing
long-tferm signals. A comparison of isotope compositions befween early- and latfewood can help us fo
invesfigate and understand the processes of plant mefabolism in more detfail. The fact that we found excellent
correlations between current early- and latewood (r’= 55 %) (p<0.0001) and between current earlywood and
previous lafewood (= 68 %) (p<0.0001) for carbon isofopes sfrengthens the common knowledge thaf
atmospheric CO? acts as the major carbon source and thaf there is hardly any carbon exchange within the free
reserves. This was found to be different for both the hydrogen and oxygen isotopes (Waterhouse, 2013) - low
correlations for early- and latewood (r* = 0-8 %), but stronger correlations between earlywoods of several years
back and forward in fime (¥ = 23-30%) -, documenting fhat free reserves (starch, glucose) carry a long term
common signal for those isofope species. In addifion, the absent correlation between current latfewood and
latewoods of several years forward and back in fime (r* = 0-5 %) manifest the higher variability of direct
assimilates during the latewood period (Borella ef al., 1998; Helle and Schleser, 2004). In conclusion, a triple
isofope approach on early- and latewood samples are ideal to invesfigafe isofope incorporation pathways of
physiological processes. This will augment the interprefation of free ring isotope records due fo assignments of
their variations to specific processes.
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Relationship between cell features, tree ring widths and density of Pinus

sylvestris L. and temperature at high latitudes in northern Sweden
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In this study, cellular anafomy, free-ring widrhs and density were used fo identify relafionships among
the parameters and to screen them for their climatic signals. Increment cores of six frees were
analyzed between 1940 and 2010. The measurements of fracheid dimensions were made with
confocal laser scanning microscopy (CLSM) while the density profiles were produced using the lrrax
WoodScanner. We developed chronologies of ring width, lumen diameter, lumen area, minimum and
maximum density. Correlations between wood density and fracheid dimensions were strong in the
latewood part. Tree-ring width exhibited highly significant correlafions with some wood anatomical
characteristics. For some wood anatomy and density chronologies youth frends were found in the
juvenile part of the sampled material. Wood density decreased from pith up to ring 15 and stabilized
afferwards, while lumen diamefer and lumen area increased simultaneously up to ring 15. The
relationship between wood anatomy and density data changed along the juvenile to mafture wood
fransect. All chronologies contained strong summer femperafure signals. The wood anafomical
variables provided additional signals about seasonal climafic conditions. In line with literature the
study confirmed that the paramefer maximum density confains fthe sfrongest climafe signal, thar is,
summer femperatures at the northern fimberline. Nevertheless, the intra-annual dafa on fracheid
dimensions showed good potential to supply seasonal climatic information and improve our
understanding of climafic effects on free growth and wood formation.
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The mobility of nitrogen between tree rings of Norway spruce (Picea abies

L.) and the isotopic effect of its extraction
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Studies utilising free ring sfable isofopes of nifrogen (6'°N) are rare in comparison fo those of carbon
(6"°C) and oxygen (6'%Q): this is parfly due fo the ability of mobile N compounds fo franslocate
befween tree rings (Hart & Classen, 2003). The effects of this translocafion are usuvally negated
fhrough the removal of these mobile N compounds prior fo analysis in a pre-freafment exfraction
procedure. Studies in the recent pasf, however, have begun fo quesfion the necessity of this
exfraction procedure (Doucet et al., 2011).

We compared five Norway spruce (Picea abies L) frees from a plot labelled with "N in 1995/6, and
under experimentally elevated N deposition (Schleppi ef al. 1999), with five control frees fo study the
mobility of the nifrogen between free rings and the effect of the extraction on the free-ring 8'°N and
N concentration. The effect of the extraction on the tree-ring 8'°C isotope and C concentration was
also examined.

The '°N label was found in all measured free rings from the labelling plof, befween the years 1963-
2009; this suggesfs a high radial redistribution of N within the tree stem. The exfraction procedure
had no significant effect on either the 8'°N or 8'°C in both the labelled and control frees, whilst N
confent also remained unaffected. These results imply thaf the pre-freafment removal of mobile N
compounds is not necessary before the use of 8'°N and 8'°C in dendrological studies.
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Haglof
-P" Increment Borer Experts since 1943

Haglof Sweden is the world’s largest producer of
increment borers. Our brands include the market leading
Haglof Sweden Borer, available in over 50 different
models and lengths; the Original And. Mattson
Increment Borers with brass details and unique features;
and the famous Djos borers, made exclusively with back-
threaded borer bits. All Haglof increment borers are
produced with high quality steel and handcrafted to fit
perfectly with borer handle and extractor.

The original And. Mattson increment borers
have characteristic brass details. When you
need something extra, look for the unique "No.
905" in the Mattson assortment!

Haglof Sweden Increment borers are available in
the largest variety of sizes and models. Standard
assortment includes borer lengths from 100mm up to
1000mm and core diameters 4.3; 5.15; 10 and 12 mm!

Since 2011, Haglof Sweden are exclusive producers of

the classic orange Djos borer with back-threading for

easier backing out of the tree. Available in six lengths
with core diameter 5.15mm.

Haglof Sweden AB. Proud Sponsors of the
Trace 2013 Conference.

Accessories for increment borers include holsters,
sharpening kits, borer starter, increment hammer, bark
gauge and tree core reader.

Please see www.haglofsweden.com for our complete
assortment of professional measuring instrument solutions
and turn to your Haglof Sweden distributor for details] S—
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LENGTHS: We make increment borers from 100 mm or 4" up to 1000 mm or 39" (Haglof Sweden brand)
To obtain maximum bit penetration depth, the borer should be
approximately one half of the tree diameter.

CORE DIAMETERS: Standard core diameters are 4.3 mm and/or 5.15 mm
(0.169"and 0.2007).

Large core diameter borers (10mm and 12mm in selected lengths, Haglof
Sweden borer brand) are often used for measuring the fiber length of
wood and for quantitative analyses where larger samples are necessary.
THREADING: Hagléf brand borers are 2- or 3- threaded. The 2-threaded
borers are suitable for hardwood as they penetrate the tree with less
friction. Three threaded borers engage the wood faster. Djos borers have
a back-threading, favourable for easy backing out of the tree

HARDENED STEEL: Hagl6f Sweden also offer unique, 3-threaded
hardened steel borer bits in lengths 100mm/4”; 150mm/6", 200mm/8"
and 250mm/10"

SPARE PARTS: The below article numbers and descriptions are for complete increment borers including handle, borer bit and
extractor. Borer bits and extractors can be purchased separately!

Haglof
SWEDEN

ArtNo Description 10-100-1026 400 mm/16", 4.3/0,169" core diam. 3-thr
10-100-1001 100 mm/4’, 4.3/0,169" core diam. 2-thr 10-100-1027 400 mm/16", 5.15/0,200" core diam. 2-thr
10-100-1002 100 mm/4', 4.3/0,169" core diam. 3-thr 10-100-1028 400 mm/16", 5.15/0.200" core diam.3-thr
10-100-1003 100 mm/4', 5.15/0,200" core diam. 2-thr 10-100-1029 450 mm/18", 4.3/0,169" core diam. 2-thr
10-100-1004 100 mm/4',5.15/0,200" core diam. 3-thr 10-100-1030 450 mm/18°, 4.3/0,169" core diam. 3-thr
10-100-1005 150 mm/6", 4.3/0,169" core diam. 2-thr 10-100-1031 450 mm/18, 5.15/0,200" core diam. 2-thr
10-100-1006 150 mm/6", 4.3/0,169" core diam. 3-thr 10-100-1032 450 mm/18", 5.15/0,200" core diam. 3-thr
10-100-1007 150 mm/6", 5.15/0,200" core diam. 2-thr 10-100-1033 500 mm/20", 4.3/0,169" core diam. 2-thr
10-100-1008 150 mm/6, 5.15/0,200" core diam. 3-thr 10-100-1034 500 mm/20°, 4.3/0,169" core diam. 3-thr
10-100-1009 200 mm/8", 4.3/0,169" core diam. 2-thr 10-100-1035 500 mm/20% 5.15/0,200" core diam. 2-thr
10-100-1010 200 mm/8"%, 4.3/0,169" core diam. 3-thr 10-100-1036 500 mm/20, 5.15/0,200" core diam. 3-thr
10-100-1011 200 mm/8", 5.15/0,200" core diam. 2-thr 10-100-1037 600 mm/24 4.3/0,169" core diam. 2-thr
10-100-1012 200 mm/8&’, 5.15/0,200" core diam. 3-thr 10-100-1038 600 mm/24’, 4.3/0,169" core diam. 3-thr
10-100-1013 250 mm/10",4.3/0,169" core diam. 2-thr 10-100-1039 700 mm/28 5.15/0,200" core diam. 2-thr
10-100-1014 250 mm/10°,4.3/0,169" core diam. 3-thr 10-100-1040 700 mm/28", 5.15/0,200" core diam. 3-thr
10-100-1015 250 mm/10", 5.15/0,200" core diam. 2-thr 10-100-1041 800 mm/32, 4.3/0,169" core diam. 2-thr
10-100-1016 250 mm/10", 5.15/0,200" core diam. 3-thr 10-100-1042 ‘800 mm/32, 4.3/0,169" core diam. 3-thr
10-100-1017 300 mm/12",4.3/0,169" core diam. 2-thr 10-100-1043 1000 mmy397 5.15/0,200" core diam. 2-thr
10-100-1018 300 mm/12",4.3/0,169" core diam. 3-thr 10-100-1044 1000 mm/39" 5.15/0,200" core diam. 3-thr
10-100-1019 300 mm/12", 5.15/0,200" core diam. 2-thr. 10-100-1045 300 mm/12", 12mm/0,500" core diam. 2-thr
10-100-1020 300 mm/12", 5.15/0,200" core diam. 3-thr 10-100-1046 450 mm/18% 12mm/0,500" care diam. 2-thr
10-100-1021 350 mm/14",4.3/0,169" core diam. 2-thr 10-100-1047 800 mm/32% 12mm/0,500" core diam. 2-thr
10-100-1022 350 mm/14%,4.3/0,169" core diam. 3-thr 10-100-1048 300 mm/12’;, 10mm/0,400" core diam. 2-thr
10-100-1023 350 mm/12", 5.15/0,200" core diam. 2-thr 10-100-1049 400 mm/1", 10mm/0,400" core diam. 2-thr
10-100-1024 350 mm/14", 5.15/0,200" core diam. 3-thr 10-100-1050 500 mm/20", 10mm/0,400" care diam. 2-thr
10-100-1025 400 mm/16",4.3/0,169" core diam. 2-thr 10-100-1051 1000 mm/39" 10mm/0,400" core diam. 2-thr

ArtNo Description ArtNo Description

10-200-1001 Mattson Increment Borer 200mm, 3.5mm 3-thread 10-410-1002 Djos Increment Borer 150mm - 5.15mm, 3-thread
10-200-1002 Mattson Increment Borer 200mm, 43mm 3-thread 10-410-1003 Djos Increment Borer 200mm 5.15mm, 3-thread
10-200-1003 Mattson Increment Borer 250mm, 43mm 3-thread 10-410-1004 Djos Increment Borer 250mm _ 5.15mm, 3-thread
10-200-1004 Mattson Increment Borer 300mm, 43mm 3-thread 10-410-1005 Djos Increment Borer 300mm 5.15mm, 3-thread
10-200-1005 Mattson Increment Borer 100mm, 5.15mm 3-thread 10-410-1006 Djos Increment Borer 350mm 5.15mm, 3-thread
10-200-1006 Mattson Increment Borer 150mm, 5.15mm 3-thread 10-410-1007 Djos Increment Borer 400mm 5.15mm, 3-thread
10-200-1007 Mattson Increment Borer 200mm, 5.15mm 3-thread

10-200-1008 Mattson Increment Borer 250mm, 5.15mm 3-thread

10-200-1009 Mattson Increment Borer 300mm, 5.15mm 3-thread

10-200-1010 Mattson Increment Borer 400mm, 5.15mm 3-thread

Contact us for information on your closest Haglof
Sweden Distributor! www.haglofsweden.com
info@haglofsweden.com +46 620 255 80

10-200-1011 Mattson Increment Borer 500mm, 5.15mm 2-thread
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How are drought years reflected in wood anatomical parameters of

beeches and oaks in northern Bavaria (Germany)?
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Wood anafomical parametfers are able fo record information about past environmental condifions.
The high remporal resolution of the environmental information included in the water-conducting cells
can provide novel information (Fonti et al., 2010).

We invesfigate the reactions of European beech (Fagus sylvatica) and sessile oak (Quercus petraea)
fo drought stress at different study sites in northern Bavaria (Germany) with different methodological
approaches. In this study we focus on the impact of the two extreme drought years 1976 and 2003
on the wood anatomy of both free species. We want to figure out how different dry phases are
reflected in the water-conducting cells of beech and oak. Inter-annual and intra-annual quantitative
analyses of wood anatomical parameters (e.g. earlywood vessel size, mean and maximum vessel size)
provide information about how the frees react fo the dry environmental condifions.

Considering the projected increasing occurrence of drought events (Christensen ef al., 2007), we
are also interested in the duration of the recovery time affer drought induced sfress. Thus, by
analyzing the years following an extreme drought evenft, we invesfigate the fime span which is
needed to regain normal maximum vessel size.
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Vertical variability of tree-ring widths and eccentricity in a stem of Scots

pine tree (Pinus sylvestris L.) — a struggle for balance
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We have sfudied two 75-years old Scofs pines growing in a foresf planfafion (Cracow-Czesfochowa
Upland, southern Poland). From each of the trees we have sampled 18 discs (in 1 m distances). In
the samples taken free-ring widths were measured along pairs of perpendicular axes. Sequences of
free-ring widths from each free were cross-correlated and checked for the presence of missing or
partially missing rings. Using tree-ring widths eccentricity [mm], eccentricity index [%] and its yearly
variation were calculated for each ring. For selected single years we have analysed vertical variability
of free-ring widths and eccentricity(in consecutive discs). We have analysed their relation fo numbers
of tree rings, radii of discs and stem weight. We have also compared values obrfained for
perpendicular axes. Our sfudies show that in analysed frees eccentricity decreases with stem height.
We have also found that eccentricity is slightly smaller near the ground level (up to 3 m height). This
demonstrates that the level of eccentricity is influenced by: (1) overlaying mass of stem and branches,
(2) stem elasticity and sfabilizing role of root system (af ground level). Despite analysed frees were
growing under stable conditions (lack of mass movements, lack of significant wind stress) free rings in
their stems are eccentfric. Resulfs indicate that changes in eccentricity direction in pine stem can
occur on very short distances (befween two discs in 1 m distance). Eccentricity expresses the pattern
of infernal sfrains in the stem, in cerfain year and records stem balancing to mainfain verfical
equilibrium. This is probably connected with the need of free fo fight the impact of facftors such as:
wind, snow cover, crown and roof sysfem asymmetry, increase in free’s own mass. Uneven growth in
a cross section is being compensated by opposite reaction directly above and below - tree
stfruggles fo maintain its vertical shape and posifion.
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Dendrochronological approach for landslide-risk assessment — the use of

wood anatomy features in early warning (Western Carpathians, Poland)
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Trees, which grow on acfive landslide slopes have stems deformed due fo the impact of instable
ground. Mechanical stresses influence also the structure of wood formed. Within the studies
conducted we have included eccentricity and compression wood among Norway spruce, diagnostic
feafures for active landslide slopes. Deformations are recorded year-by-year in free rings. Therefore i
is possible fo analyse past and confemporary activity of landslide slopes - through the analysis of
free-ring sequences obtained from living trees. The aim of the presenfted study was (1) to detect the
presence of weak, initial ground movements with the use of established dendrochronological
approaches, (2) to forecast the possible catastrophic landslide event. In order to fulfill the aim we
have analysed the anatomy of spruce frees growing on landslide slope in Miléwska village (Western
Carpathians, Poland). The slope was considered stable unfil May-June 2010, when heavy rainfalls
caused the landslide to abruptly acftivate. In 2012, in the area affected by the catastfrophe, we have
faken cores from 25 spruce frees. Besides the heavy landsliding in 2010, we have also found thar in
sampled frees: (1) increasing slope instability during the last 10-20 years (probable initial landsliding),
(2) older events from 1040-50s were detected. Results show that advanced application of
dendrochronological approach in the case of the studied sites would allow: (1) to determine the
generally high landslide hazard in the area, (2) to defect the approaching risk of catrastrophic
landsliding. Conducted studies have shown that dendrochronological analysis of growth disturbances
in frees is a promising approach for defermining landslide hazards. It allows fo calculafe landslide risk
according fo dafa from up fo hundreds of years ago and it can also serve in early warning againsf
appearing/increasing risk of cafrasfrophic landsliding.
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Evidence for annual growth rings in Akoko (Euphorbia olowaluana) an

endemic Hawaiian tree with C4-photosynthetic pathway
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Tree ring patferns provide one of the best records of hisforical climate variability. Using classical free
ring analysis methods, we evaluated the periodicity of growth increments in the Akoko (Euphorbia
olowaluana), an endemic Hawaiian free from high elevation habitats on the ridge between Mauna
Loa and Mauna Kea on the island of Hawaii, USA. We collected cross sections from eleven dead
Akoko frees and found a relatively strong correlation in ring pafferns among the Akoko individuals as
well as with ring pafferns from a nearby populafion of infroduced pine frees. This is evidence that the
Akoko may form annual growth rings. In addition to being the first demonstrafion of annual growth
rings in a C4 plant, our findings have imporfant implicafions for future climate change research in
Hawaii. Unlike planfs with a C3-photosynthefic pathway, C4 plants do nof show strong bias against
"C during the photosynthefic fixafion of CO,. Thus, Akoko may provide a record of past armospheric
CO, concentrafion that can be compared with, and possibly supplement, the well-known Keeling
curve produced by the nearby Mauna Loa Armospheric Observatory.

References

1) Cook, ER. And L.A. Kairiukstis. 1989.  Methods of dendrochronology. Applications in the
Environmental Sciences. Kluwer Academic Publishers, Dordrecht

2) Fritts, H.C. 1991. Reconstructing large-scale climatic patterns from tree-ring data: a diagnostic
analysis. University of Arizona Press, Tucson

3) Helle, G., G.H. Schleser, KU. Heubner, W.A. Brand, and D. Jakel. 2005. Woody C4-plants as
terrestrial archives of 613C of atmospheric CO2. Poster at: Forschungszentrum Julich.

2




TRACE 2013, 8—1 May 2013, Viterbo, Italy Session V — Talks

Straight lines vs. eccentric eggs: how many radii are needed for reliable

growth and climate estimates?
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In dendrochronological investigations individual ring width curves are commonly based on fwo perpendicular
radial measurements. This is done fo account for possibly differing radial plant growth. However, it is
quesfionable to which extent two radial measurements are sufficient to represent growth and climate growth
relafionships of woody planfs that express eccentric growth. In parficular shrubs - which have gained increasing
importance in dendro-science throughout the past decade - commonly show moderate to sfrong ring
eccentricifies (Myers-Smith et al.,, 2011). We have measured basal area increments (BAI) as suggested by Bar et
al. (20006) by digitizing stem discs of different shrub species and compared these two-dimensional measurements
fo standard one-dimensional radial measurements (8 per individual). Our analyses reveal a significant relafionship
between eccentricity and the minimum required number of measured radii for reliable BAI estimates. Further, we
found that for radial measurements, the results of comparisons among individuals are strongly dependent on the
selected radii. The good news is that in general average ring width series among 2-3 radii expressed maximum
climate correlations of individuals. However, this indicates that the climate growth signal in shrubs (and possibly
also trees with moderafe eccentricity) significantly differs among radii, raising the question, what addifional
information may be sfored in the remaining radii. In conclusion, measuring BAI will likely increase the quality of
chronologies derived from eccentfric woody plants, as the radially differing noise related fo ring eccentricity is
accounted for. In addition, wedging rings - which frequently occur in shrubs (Wilmking et al., 2012) - are easily
idenfified, thus minimizing measurement errors. In ferms of reconsfruction, BAI measurements further allow for
selecting among different radii that possibly reflect differing environmental drivers. Therefore, BAl measurements
may help fo understand the radially differing growth signal of woody plants and could thus contribute fo a better
understanding of dendroecology.
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The combinafion of sub-fossil and living free samples is common practice for extending free-ring
chronologies back in time. Resulfing long-term chronologies form the base for climate reconsfruction
prior fo the period of instrumental climafte readings. In southern Finland, Pinus sylvestris L. is sensifive
fo exfernal forcings including both temperafure and precipitation variafions. This particular ecological
seffing offered the possibility to reconstruct regional drought variability over the past 1000+ years .
Defailed micro-site analyses of regional latfewood density dafa suggested thaf the distance of frees
fo lakes affects the growth characteristics and climate signals . We here assess differences and
similarities of growth curves derived from lakeshore and inland micro-sites. Following the principle of
uniformitarianism, it is suggesfted that the sub-fossil trees show growth patterns similar to the patterns
derived from living trees growing af the lakeshores. We use the differences befween lakeshore and
inland micro-site growth curves fo evaluafe the significance of sampling schemes on the
development of long-term reconstructions. Such analyses appear helpful fo compose homogeneous
dafasefts infegrafing sub-fossil and living free samples .
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Boswellia papyrifera (Burseraceae) is a dominant tree species in the Combrefum-Terminalia
deciduous woodland vegetafion type of Ethiopia. The species is the source of frankincense which is
fapped from the bark and used for church ceremonies and as raw material in several industries
worldwide. However, populations of B. papyrifera are declining due ro mulfifacefed stress facfors.
For sustainable management of the remaining forests, we need fo understand which environmental
factors mainly drive the growth of B. papyrifera. For this, a dendrochronological study was carried
ouf on discs and increment cores collected from in toral 100 B. payrifera trees growing in a seasonal
climate in the North-Western part of Erhiopia. Pinning indicated that B. papyrifera forms annual
growth rings. Crossdating of ring-width series turned out to be difficult for several reasons such as:
variation in disfinctness of tree-ring markers, huge variation in ontogenetic trends, lack of reference
material and climate records to support the chronology. Strategies for chronology development as
well as identificafion of complex climate-growth relafionships will be discussed.
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Are tree-ring derived bioclimatic belts characterized by different

understorey species assemblages? A test in the Apennines, C-Italy
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Apennine beech (Fagus sylvatica) forests have a peculiar biogeographical position. Although many studies on
their subdivision based on floristic composition do exist, they are usually not quanfitatively correlated with
bioclimatic parameters. Tree-rings are a direct infegration of planf response and climate variability, providing an
effective tool to study the forest bioclimafic organizaftion of a ferritory. In parficular, dendroclimatic studies can
help idenfifying homogeneous groups of free populafions whose free-ring variability is confrolled by the same
dominant climate signal (Piovesan et al., 2005; Di Filippo ef al., 2007). This study represents the first atfempt at
fesfing whether free-ring derived bioclimatic belts are consistent with species composifion. Site chronologies,
represenfatives of the main climafic factors confrolling growth variabiliry af each site, were developed for 14
beech populations sampled along an alfitudinal fransect (ranging between 300-1800 m a.sl) in Central Iraly (>
20 cores /site). Crossdated free-ring series were standardized, averaged, and the resulting standardized
chronology prewithened to amplify its climafic signal. For each site, the vascular plants list of the beech forest
community was compiled either from site-specific bibliographic data (such as fables of phytosociological relevés)
or through original floristic surveys. Both free-ring and floristic data were analyzed through multivariate
approaches (classification and ordinafion). Tree-ring data analysis underlined three main groups (low-elevation,
mountain, high-mountain), characterized by different limiting factor in the climafte, while floristic analysis yielded
fwo main clusters of sites (low-elevafion vs. mountain and high-mountain), well characterized by different species
assemblages and indicafor species. Bofh analysis showed a very clear, and parallel, elevafion gradient. The
ordinations of dendrochronological and floristic data were compared by using direct mafches of the scores and
through Procrustean analysis: the results showed that the dendroclimafic classification can help individuating
groups of ecologically similar species, which can be used as bioclimatic predictors along the elevafion gradient.
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Evidence of massive growth decline in Pinus nigra trees using the needle

trace method
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We used needle trace method (Kurkela and Jalkanen, 1990) to acquire additional information about
the dendrochronologically dated extreme event in the year 1929 in Bosnia and Herzegovina (BiH)
(Poljandek ef al., 2012), during which Black pine (Pinus nigra Arnold) radial increment declined
massively. Extreme event was inifially noficed, when analyzing cores to develop local free-ring width
(TRW) chronology. TRW analysis revealed that in the year of 1929, half of the sampled trees had
missing ring af the breast height and that the effect of the event gradually faded out in six years. We
applied needle frace method (NTM) to test the assumption, that this could be the consequence of
forest fire. NTM, first infroduced on Scots pine (Pinus sylvestris L.) in Finland (Jalkanen et al., 1994),
refrospectively examines the needle shedding through the life-fime of the affected frees, and
provides dafa on height growth of the frees, as well. This research represents the first attempt to use
NTM on black pine and in the regions of the Balkan Peninsula, affer using NTM in Slovenia on Scofs
pine (Jalkanen and Levani¢, 2001). The sampled frees in BiH were cut down in the autumn of 2011
and 2012. Calculated needle proxies have confirmed the loss of needle sefs in the growing season
of 1929. Affer this year, beside narrow radial increments, reduction of height increment was also
measured. With the needle proxies, height and radial increment analyses, new knowledge on growth
of Black pine on exfreme sites and on the abiliry of the young frees fo survive forest fires, is
collected. In future, micro sections of the affected free-rings could be analyzed fo defermine in
which part of the growing season forest fire occurred.
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On the potential of the African baobab, Adansonia digitata, for

palaeoclimatic studies
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The African confinent is going to suffer from future effects of climate change. Especially semi-arid
regions will likely experience particular sfrong warming and possibly more cafastrophic droughts.
Climate models are utilized ro recognise the consequences of the climate change af an early sfafe.
However, the lack of frans-regional high-resolution proxy dafa constrains calibration and verificafion
of models and thus their ability fo precisely esfimare the African climafe evolufion. The baobab free,
Adansonia digitata L., is widely distributed throughout semi-arid Africa and can reach ages of up fo
2000 years, as has been revealed by “C dafing. Thus, the species has the potential to be an
important source of high-resolution palaeoclimafic information. Increment cores from 16 individual
baobab trees growing on Kubu Island (20°53 S, 25°49’ F), a granite pluton locafed in the Kalahari,
Borswana, were collected in June 2011 to examine the species’ potfenfial for cross-dafing and irs
climafe response. The area receives an average annual rainfall of aboutr 420 mm, falling mainly from
October to April. Bacbabs growing there do not have access fo groundwater and have fo cope
with highly variable precipifation amounts. The core samples up fo 80 cm long and © mm in diameter
were kept moist and cool unfil they were analysed. For ring-width measurements, several photos
were taken under UV light and merged accurafely before defecting ring boundaries in WinDENDRO.
The comparison of ring width and precipitation data allowed us fo recognize annual growth patterns
as well as missing and false rings. Stable isotope analysis (6'°C, 8'°O) of the 20 outermost rings of
16 (8"°C) and 4 (8'°0) trees, respectively, showed no clear relafionship between tree-ring 6'°C,
6'°0 and free-ring growth of the same year. However, the mean values of 8'°C and 8'°O, as well as
the free-ring width chronology, correlate significantly with climafic dafa. This demonstrates the
pofenfial of African baobabs and justifies further high-resolution palaeoclimatic studies using this tree

species.
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A guideline for high throughput cellulose extraction on whole wood thin
sections
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The extracfion of cellulose for stable isotope analysis on free rings is labour and fime infensive.
Several different approaches have been developed in order to accelerate this chemical procedure
fhat is supposed to be necessary for high quality sfable isofope series of carbon, oxygen and
hydrogen (Wieloch et al. 2011, Laumer et al. 2009). Our poster will compare different approaches
and will provide a guideline for high throughput cellulose extraction on whole wood thin sections
utilizing perforated Teflon sheefs as sample holders. This approach facilitates the possibility ro extract
up fo 100 years of one thin secfion. We tested several different wood species (conifers and
deciduous frees) with a broad range of various cell structures and wood growth rates. Special
interest was on the applicability for further dissecting of free-rings and parts thereof by means of UV-
Laser dissection microscopy. We came fo the conclusion that exfracting cellulose from whole wood
cross sections directly, is a rapid and robust method for a broad range of free species. However,
cellulose extraction on wood segments with extfremely narrow rings needs fo be fested in view of
the precision of the dissection procedure. Great care should also be ftaken during exfraction, drying
and sforage of resulting cellulose cross sections fo rule out potential errors.
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In dendrochronology, reconstructions of environmental conditions play a significant role (e.g. Fritts,
1976). Such reconstructions rely on the relationship befween free-ring feafures of woody planfs and
the environmental drivers that have defermined fthese features. However, both of these variable types
are noisy, i.e. the measured values (e.g. ring-width, femperafure) only approximate the true values. On
the one hand, ring-width is only a proxy for growth and nof only determined by one specific
environmental signal (e.g. temperafure) but often blurred by other signals (e.g. precipitation). On the
other hand, long records of environmental parameters are in general not available for the particular
sife af which the investigated frees/shrubs grew, this causing an addifional noise in the relafionship
among measured ring-widths and available climate sfation dafa (e.g. Kutzbach et al., 2011). If deriving
models from such noisy data, Thees ef al. (2009) and Kuftzbach et al. (2011) could show (amongst
others), that model slopes (the factor with which the one variable is mulfiplied to predict the other
variable) in most cases are under- or overesfimated - depending on the ratio of the variances of the
respective variable errors. Despite these facfs, many recenf reconstructions are based on ordinary
least squares regressions, which underestfimate model slopes as soon as the predicfor variable is
noisy. This is because there yet is no stafistical fool available to frear such noisy dafa sefs in terms of
modeling. Here we propose a new iferafive approach with which we are able to derive frue model
slopes befween noisy time series as infended by several fesfs. This new approach has the potential
fo change our understanding of past climate variability, as the magnitude of amplitudes in
reconstructed climafe parameters may change significanfly as soon as frue slopes are used for
reconsfructions.
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On similarities and Distinctions In Climate response of european tree ring
widths and Stable Isotopes. Do Oxygen isotopes provide a higher potential

for spatial reconstruction approaches?
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A number of studies on tfree ring widths have been conducted fo reconstruct past climate variability
on a regional scale. Due to the increasing availability of sfable isotope records, potential for spatial
approaches was hypothesized and explored (Treydte et al. 2007). This study presents a comparison
of drought signals of European oxygen isotopes (8'°0) and free ring widths on a regional scale.
Spatial network analysis using correlation analysis illustrates advantages of the isofope records on
spafial approaches. The tree ring-width response fo summer drought is dominafed by local site
influences, while major large-scale paffern variability is more directly linked tfo changes in oxygen
isofope composition. Our results suggest a high potfenfial fo assess climafe variability on regional
scales. Demonstrated consistency in isotope related climafre signals may improve the quality of spatial

reconsfruction on a seasonal scale.
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Defermination of free age and annual growth is done by counfing annual rings and measuring the
distance befween adjacent annual rings. This method has been known and described in the literature
on forest invenfories. Aim of our sfudy was to develop an appropriate software fto calculate
aufomatically the tree rings from a tree crosscuf’s photos. The aim of the new method was fo
improve the method of determining the age and annual growth by free’s crosscuts. The free’s
crosscuts samples are placed next to millimeter scale and pictures of it are taken. The computer’s
soffware defermines how many pixels the image confains in one millimeter. Then, in the cenfer of the
crosscut on the image put a label headed oriented by the sites of the world. Launches the process
of automatic recognition beyond color shades annual rings, finding poinfs of exfreme intensity image
are done. The measured width of the annual layers and number of layers are recorded in a table
format. The method is paftented (Stryamets & Stryamets, 2008). Based on a pafent computer program
with convenient users interface was developed. The program provides the possibility of pre-
processing of images: for a given increase in confrast rafio, the use of linear filrering with variable
image box (3,5,7,9, efc. pixels).

Conclusion

The advantages of this photometric mefthod are:

e automatic measurement of annual layers fo improve accuracy, avoiding in the process the human
factor influence;

e no longer need fo fransport samples slices to the laboratory for measurement. It is enough fo
make pictures in the place of free cut;

e do not need immediate measure fo prevent cracking that usually lead fo distortion of the resulrs;

e the storing data in fable formafr make further processing of the results easier and productive.
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