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Abstract
Chronologies of living trees of larch (Larix decidua Mill.) from the alpine forest sites in Slovenia and NE Italy, as well
as mean curves of historic buildings from Piran (Slo), Venice (It), and Aquileia (It) were constructed and used to build
a 1242 year long regional chronology spanning the period AD 756-1997. It is currently the only chronology based on
samples of wood from Slovenia and NE Italy and among the longest chronologies in the region south of the Alps. Its
comparison with millenary larch chronologies from Tyrol and Dachstein (Austria) and from the NE Italian Alps showed
a good teleconnection of tree-ring patterns.
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Introduction
Long regional chronologies are needed both for
dating and the study of long-term environmental
fluctuations and trends. Such chronologies are rare
in the Alpine region due to the scarcity of long-lived
trees and low availability of samples other than
from standing trees. Larch (Larix decidua Mill.) is
among the most appropriate alpine tree species with
which to construct long chronologies. It has often
been reported that individual trees can survive over
500 and up to 1000 years (e.g. Schweingruber 1992,
Gassmann et al. 2000). Due to its high durability the
larch wood in constructions and in stems of dead
trees can remain well preserved over the centuries
(e.g. Levanič et al. 1997, Grabner et al. 2001).
Larch has often been used in dendrochronological studies. In the last decade most tree-ring studies
in larch from the Alpine region have been focused
on its stand dynamics (Nola 1994; Motta, Masarin
1996; Urbinati, Carrer 1996; Carrer 1997; Motta
et al. 1999), ecology (Belingard, Tessier 1993;
Nola 1994; Petitcolas et al. 1997), relation to climate (Hüsken, Schirmer 1993; Strumia, Cherubini
1997), and larch budmoth outbreaks (Weber 1997,

Weber 1999).
In the past decades several larch chronologies
have been constructed in different parts of the Alps.
Among the oldest published ones is the 645 years
long larch chronology from Ötztal, Austria (Siebenlist-Kerner 1984). It is based on long-lived trees
and local buildings and spans the period 1333-1974.
Tessier (1986) presented the larch chronology from
the French Alps going from 1353-1973. The chronology of Bebber (1990) is 1208 years long and
spans the period 781-1988. Nola and Motta (1996)
constructed a multicentury chronology of larch
from the Valmalenco, Italy, spanning the period
1007-1994. In Austria in recent years the laboratories from Innsbruck and Vienna independently
constructed two millenary larch chronologies, the
chronology from Tyrol (Nicolussi 1995; Nicolussi,
Lumasseger 1998) and the chronology from
Dachstein (Gindl et al. 1998). The authors entrusted
us the versions of their chronologies spanning 1243
and 1336 years respectively for comparisons in
this study. Both laboratories continue to work to
improve and extend the chronologies. Their collab-
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orative work helped to extend the Dachstein chronology that currently spans 3474 years (Grabner et
al. 2001) and is among the longest continuous treering records in the Alpine region.
Long chronologies are particularly rare in the
SE Alpine region. In Slovenia and NE Italy old trees
can usually only be found on barely accessible locations. Near the forest stands it is very difficult to
find old wooden constructions or sufficiently preserved stems of dead trees. On the other hand larch
has often been used in the construction of important historic buildings in the towns on the Adriatic
coast where it has remained well preserved over the
centuries. Since there are no larch forest stands in
the coastal region the timber for construction was
imported. The nearest larch forest stands are located
in the Slovenian and NE Italian Alps and several
publications report on timber transport from there to
the coastal region (e.g. Casti-Moreschi, Zolli 1988;
Gestrin 1965; Pahor, Hajnal 1981).
The laboratories in Ljubljana, Slovenia, and
Verona, Italy, needed a long regional chronology for
dating, to study the origin of wood, and to interpret
past environmental fluctuations. It seemed unlikely
that it would be possible to construct such a chronology using only locally available wood, therefore a collaborative study was set up to construct a
regional chronology.
The objective of this study is to present the construction of a regional larch chronology based on
chronologies of trees and mean curves of historic
buildings from Slovenia and NE Italy as well as to
compare it with available alpine larch chronologies
from nearby regions.
Materials and Methods
The wood used to construct the chronology originated from living trees from larch forest stands in
the Slovenian and Italian Julian Alps and from the
Anterselva Valley in the Italian Alps (Fig. 1). In the
SE Slovenian Julian Alps we selected 20 trees from
the natural larch forest stands around the Bohinj
lake at elevations 1500 - 1890 m. In the Italian
Julian Alps we selected 10 trees growing at Sella
di Lom near Tarvisio, Friuli, elevation 1435 m. In
Alto Adige, we selected living trees from two sites
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in the Anterselva Valley. 12 trees were growing at
elevations of 2090 m (ANT1) and 12 trees at 1700
m (ANT2).
The historic wood came from the remnants of
the military buildings in the Julian Alps and the St.
George’s church in Piran (Slovenia), the church of
Santa Maria Gloriosa dei Frari and the Arsenal in
Venice, and the patriarchal basilica from Aquileia
(Italy) (Fig. 1).
The remnants of the military buildings from
World War I were located in the SE Julian Alps,
near the investigated forest stands. The buildings
were abandoned and are now in ruins.
All other buildings are located in towns on the
Adriatic coast. The timber used in constructions
was imported but its exact origin is not known.
St. George’s church in Piran is a complex building
reconstructed from the former romanic, gothic, and
baroque churches. Numerous signs of reuse indicate that the timber of the roof construction originates from different time periods. The church Santa
Maria Gloriosa dei Frari in Venice is also a typical
complex building with several different building
phases. The Arsenal in Venice is a vast assemblage
of basins, yards, and workshops for shipbuilding
built in the 16th century. It occupies a whole sector
in the north east of the city and was, until the 18th
century, Europe’s largest industrial complex. The
patriarchal Basilica in Aquileia was first built in 313
AD and then destroyed and rebuilt several times.
The building also contains several different building phases.
The wood from the trees was collected by taking
two cores per tree at breast height. The wood from
the buildings was mainly taken from the roof constructions by coring. Our plan was to take cores or
wood samples from at least 5-10 elements of each of
the presumed building phase. The number of cores
varied from building to building because the sampling was severely limited by availability and condition of timber.
In the World War I ruins we took a total of 13
samples from the sufficiently preserved beams of
two buildings. In St. George’s church we took 88
cores from different parts and phases of the roof
construction. In Frari we collected cores from 36
trusses in the roof construction of the main building.
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In Arsenal we collected samples from 47 trusses of
the roof construction of different buildings. In the
basilica of Aquileia we collected cores from 17 elements of the roof construction and the ceiling. The
timber elements were always examined for carpentry signs, signs of re-use, as well as presence of sapwood, the last ring below the bark (Waldkante), and
presence of the bark. The wood identification was
performed in accordance with standard wood anatomical procedures (e.g. Schweingruber 1982).
The wood was smoothed and the tree-rings were
measured to the nearest 0.01 mm. The CATRAS
and TSAP/X programmes were used for data acquisition and processing. Individual tree-ring series
were visually and statistically cross-dated and compared with each other by calculating the “Gleichläufigkeit” (GLK%) coefficient (Eckstein, Bauch

1969), the t-value (tBP) after Baillie and Pilcher
(1973), and the period of overlapping. The local
chronologies of trees and mean curves of the buildings were constructed using standard dendrochronological methods and compared with each other.
Finally a chronology IT-SLO1 was built by joining
the local chronologies and mean curves. The statistical parameters of the chronology were calculated by using TSAP/X and standard statistical
programmes.
IT-SLO1 was compared with larch chronologies from the east Italian Alps (Bebber 1990),
Ötztal, Tyrol, Austria (Siebenlist-Kerner 1984),
Tyrol, Austria (Nicolussi 1995 and pers. comm.),
and Dachstein, Austria (Gindl et al. 1998 and pers.
comm.). Fig. 1 presents their location regarding our
sampling areas.

Fig. 1 - Locations of forest sites, and buildings providing the wood to construct the regional chronology IT-SLO1 and
locations of reference chronologies used for comparison.
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Code

Location

Altitude

Length

Date Begin

Date End

Replication

JUL
ANT1
ANT2
TARV

Julian Alps (Slo)
Anterselva (It)
Anterselva (It)
Tarvisio (It)

1500 - 1890
2090
1700
1435

518
269
175
142

1480
1727
1821
1854

1997
1995
1995
1995

19
12
12
10

Tab. 1 - Code, location, date span, and maximum replication of the local chronologies. The chronologies ANT1, ANT2,
and TARV are based on trees, the JUL1 is based on trees and timber from the local constructions.

The overlapping of local chronologies is shown
in Fig. 2, the results of their cross-dating in Tab. 3,
and the visual agreement of their tree-ring indices
in Fig. 3. The Julian Alps chronology (JUL) crossmatched better with both distant chronologies of
Anterselva (ANT1 and 2) than with the nearby one
from Tarvisio (TARV). This confirms good teleconnection of larch over relatively long distances in the
region and indicates influence of elevation on ring
patterns.

Results and Discussion
Local chronologies
We constructed four local chronologies based on
living trees from four different locations. The basic
data on these chronologies are presented in Tab. 1
and Fig. 2.
The longest local chronology is the one from the
SE Julian Alps, Slovenia. It is 518 years long and
covers the period 1480 – 1997. It is based on the
chronology from living trees extended by the mean
curves from the nearby military buildings. The local
chronology of Tarvisio is 142 years long and covers
the period 1854-1995. The chronology from the
higher elevations of the Anterselva Valley (ANT1)
covers the period 1727-1995, and the one from
lower elevations (ANT2) the period 1821-1995.

Mean curves of the buildings
The samples of timber from the constructions
enabled us to construct five fairly well replicated
mean curves containing only those tree-ring series
that showed the best visual and statistical agree-
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Fig. 2 - Time spans and overlapping of chronologies and mean curves used to construct a regional chronology IT-SLO1.
For chronology codes see Tabs. 1 and 2.
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Code

Building, Location

PIR2
ARS
FRA
AQUI
PIR1

St. George’s Church, Piran (Slo)
Arsenal, Venice (It)
Frari Church, Venice (It)
Patriarchal Basilica, Aquileia (It)
St. George’s Church, Piran (Slo)

Length

Date Begin

Date End

Replication

189
329
665
225
375

1405
1236
756
1131
890

1593
1564
1420
1355
1264

12
15
15
6
10

Tab. 2 - Code, location, date span, and maximum replication of the mean curves of buildings.

ment. Two mean curves were constructed for St.
George’s church in Piran. PIR1 is 375 years long,
whilst PIR2 is 189 years long. The mean curves of
Arsenal and Frari church in Venice are 329 and 665
years long. The mean curve of the patriarchal basilica in Aquileia is 225 years long. Their overlapping,
length and maximum replication are presented in
Tab. 2 and Fig. 2.
The mean curves of buildings were compared
with each other and with local chronologies. The
cross-dating parameters presented in Tab. 3 show
significant cross-matching between all overlapping
chronologies and mean curves. Piran 2 (PIR2) and
Arsenal (ARS) were cross-dated with the chronology of the Julian Alps (JUL). The GLK% was
77*** and 68*** and the tBP 7.3 and 6.3 respectively. The cross-matching of the mean curves from
the buildings was particularly high between Piran
2 and Arsenal (GLK%=76***, tBP=13.7) (Fig. 4)
and Piran 1 and Frari (GLK%=74***, tBP=15.5),
although in both cases the buildings are located in
towns that are more than 100 km apart. This could
indicate that the wood originated from the same

location or similar altitude.
The construction of the regional chronology and its
comparison with other chronologies
The presented local chronologies and mean
curves were used to construct the regional chronology IT-SLO1 that is 1242 years long and spans
the period 756-1997. Tab. 4 presents the statistical
parameters of the chronology. Its replication is fairly
good with mean density 17 (6 - 31). Only the oldest
part 756-911 is based on 1-3 samples only (Fig. 5).
The results of comparisons with available alpine
larch chronologies are presented in Tab. 5. The
agreement of tree-ring patterns was most significant when IT-SLO1 was compared with chronologies from Dachstein (Gindl et al. 1998) and Tyrol
(Nicolussi 1995). The values were lower when
IT-SLO1 was compared with the Ötztal chronology
of Siebenlist-Kerner (1984) and the NE Italian Alps
chronology of Bebber (1990). The visual inspection
of agreement between the IT-SLO1 and the chronology of the NE Italian Alps indicated that the former

Tree-ring index
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Fig. 3 - Indexed values of overlapping chronologies JUL, ANT1, ANT2 and TARV. See also Tabs. 1 and 3 and Fig. 2.
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JUL
ANT1
ANT2
TARV
PIR2
ARS
FRA
AQUI
PIR1

8.1
8.5
6.0
7.3
6.3

ANT1

ANT2

8.9
5.5

4.8

ARS

FRA

AQUI

9.4
15.5

7.7

13.7
6.8
4.4

A) tBP-value after Baillie and Pilcher, values above 4.0 are statistically significant, minimum overlap was 85 years
between ARS and JUL.
JUL
ANT1
ANT2
TARV
PIR2
ARS
FRA
AQUI
PIR1

60***
68***
62***
77***
68***

ANT1

ANT2

70***
56

64***

ARS

FRA

AQUI

73***
74***

66***

76***
69***
62***

B) GLK% - “Gleichläufigkeit”; *** stars indicate statistical significance level of 99.9%.
JUL
ANT1
ANT2
TARV
PIR2
ARS
FRA
AQUI
PIR1

269
175
142
114
85

ANT1

ANT2

175
142

142

ARS

FRA

AQUI

225
375

134

160
185
120

C) Overlap of chronologies and mean curves (in years).
Tab. 3 - Cross-dating parameters of overlapping chronologies and mean curves. For chronology codes see Tabs. 1 and 2.

supposedly had two excessive rings in its poorly
replicated part between 1370 and 1390. This observation is in agreement with that of Nicolussi (1995),
Nola and Motta (1996), as well as Carrer, Friedrich, Spurk, and Urbinati (pers. comm.). When we
deleted two supposedly excessive rings and compared the “corrected” NE Italian Alps chronology
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with IT-SLO1 and other reference chronologies we
obtained a far more significant agreement.
Based on the results presented we can confirm
a good teleconnection of larch in the Alpine region
which was also observed by Nola and Motta (1996),
Urbinati and Carrer (1996), and Carrer (1997) for
different locations in the Alps.
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Fig. 4 - Indexed values of overlapping chronologies ARS, FRA, AQUI, and PIR2. See also Tabs. 2 - 3 and Fig. 2.

Conclusions
A 1242 years long regional larch chronology
spanning the period of 756-1997 has been built. It
currently represents the longest continuous and sufficiently replicated tree-ring record based on wood
from Slovenia and NE Italy and is among the longest chronologies in the region south of the Alps.
The chronology proved to be of great value for
dating wood from the historical objects. It has great
potential to be used to interpret past events in the
region, to obtain more information on timber trade,
and to study influence of climate changes on tree
growth. Its cross-dating with reference chronologies
from regions north of the sampling area confirms a
good teleconnection of larch.

IT-SLO1
Length
Time Span
Mean sample density
Average ring width (mm)
Minimum ring width (mm)
Maximum ring width (mm)
Variance
Standard Deviation
1st order autocorrelation
Mean Sensitivity (%)
Relative Mean Sensitivity (%)
Tendency Change (%)

1242 years
756 - 1997 AD
17
0.92
0.26
4.21
0.16
0.40
0.86
17
18
62

Tab. 4 - Statistical parameters of the regional chronology
IT-SLO1.
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Authors

Time Span

GLK%

tBP

Overlap

Bebber 1990
Bebber 1990 corrected
Nicolussi 1995
Gindl et al. 1998
Siebenlist-Kerner 1984
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663-1998
1330-1974

60***
72***
71***
70***
70***
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24.7
22.1
25.0
16.2

1209
1207
1237
1242
645

Tab. 5 - Comparison of the regional chronology IT-SLO1 (756-1997) with other long alpine larch chronologies.
(GLK% - Gleichläufigkeit (%) with significance level, tBP - t-value after Baillie and Pilcher).
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