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Summary

1 Part of the forest reserve established in Paneveggio Forest (Trento, Italy) in 1992 has
been allowed to evolve without human intervention. Inside this reserve, two 1-ha long-
term monitoring plots were established in subalpine multi-layered forest stands.
2 To investigate the origin, spatio-temporal development and disturbance history of
these plots, the present study combined dendroecological tree ring analysis with histor-
ical evidence.
3 One stand (VB3) had an uneven-aged population in which the oldest trees were more
than 400 years old. Regeneration has been continuous both in time and space over the
last three centuries, during which time the stand has been affected regularly by distur-
bances. This supports the information from historical documents, suggesting that a
selection system was carried out in this area.
4 The second stand (BDO) also had an uneven-aged population, with trees up to
397 years old. Although this plot too had been affected quite regularly by disturbances,
massive regeneration occurred only after 1920, suggesting that the land might previ-
ously have been exploited as pasture.
5 Despite their relatively similar structures, the two plots developed in entirely different
ways. Our study confirmed that biological data can be used to identify the occurrence and
intensity of prior localized disturbances in forest stands, but the precise causes of the dis-
turbances can be determined only by comparing biological data and historical records.
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Introduction

The forests of the Italian Alps are a precious resource,
as well as a social heritage (Mazzucchi 1999; Dotta &
Motta 2000). Traditional silviculture has a strong
empirical knowledge base but is being replaced by
‘close-to-nature’ approaches based on scientific man-
agement practices linking biological, technical and
social data (Kohm & Franklin 1997).

Ideally, these approaches should be modelled on
data from virgin and old-growth forests, together with
their natural disturbance history. However, these types
of forests no longer exist in the European Alps and the

relicts of natural forests are rare and of limited size
(Hillgarter 1971; Kalhs 1974; Leibundgut 1982). The
only remaining European old-growth forests are
located in the Scandinavian boreal forests (Hofgaard
1993; Linder et al. 1997) and in the mountains of East-
ern Europe (Mayer & Neumann 1981; Korpel 1995).

Historic practice/usage shapes vegetative composi-
tion and structure in stands with long-term impact (e.g.
Glitzestein et al. 1990; Foster et al. 1992; Orwig &
Abrams 1994; White & Mladenoff 1994; Ruffner &
Abrams 1998; Piussi 2000) and European foresters
have become progressively aware of the importance of
stand history for present-day structure and function
(e.g. Bradshaw 1993; Cherubini et al. 1996; Carcaillet
1998; Motta & Nola 2001). The long history of human
disturbance here has resulted not only in the modifica-
tion of the structure and composition of forests, but
often in severe soil erosion and nutrients leaching as
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well (Körner et al. 1997). Thus, it is unlikely that the
suspension of logging and other types of human inter-
vention would bring about a return to pre-settlement
forest vegetation and structure. The dynamics of less
disturbed forest stands, both in their present state and
in the absence of human intervention, provide vital
information, however, on natural regeneration, the fre-
quency and intensity of disturbances and forest resili-
ence (Bradshaw et al. 1994; Peterken 1996; Bergeron &
Harvey 1997; Burton et al. 1999).

Information regarding land use and methods of forest
management obtained from historical documents often
lacks the temporal and spatial detail to reconstruct
the history of a single forest stand. However, when
combined with the study of tree-ring chronologies, age
structure and the ecological attributes of individual
species, they allow the origin and the past dynamic
of  a forest stand to be understood (e.g. Lorimer 1984;
Foster et al. 1992; Nowacki & Abrams 1994; Orwig &
Abrams 1994; Abrams & Copenhaver 1999; Kitzberger
et al. 2000). Age structure can be used as an indicator of
the peaks of tree establishment, and variations in tree-
ring width can be used to reconstruct the occurrence of
past disturbances in forests (Lorimer & Frelich 1989;
Abrams & Orwig 1996; Rigling & Schweingruber 1997).

The need for long-term records of local stand
dynamics (Foster et al. 1996) led to the establishment
of a forest reserve in the Paneveggio Provincial Forest
in northern Italy (Dellagiacoma et al. 1996). The
reserve was divided into two parts: a silvicultural
reserve for experimental research and a strict reserve
where the forest has been allowed to evolve naturally.

We focused on two long-term forest monitoring
plots located in multi-layered subalpine forest stands,
whose structure and possible origin is described in
Motta et al. (1999) and Motta et al. (2000). The
present study is based on a complete sampling of the
trees in the stands in order to construct their age struc-
ture and disturbance history. A geographic informa-
tion system (GIS) was employed to add spatial
information on establishment and disturbance. Tree-
ring curves were matched in space and time and their
correlative spatial distribution examined to provide
further details on disturbances (Payette et al. 1990).

The aims of this study were:
• to establish a sampling protocol for long-term studies
of forest stands;
• to reconstruct, temporally and spatially, the popula-
tion establishment and disturbance history; and
• to characterize the impact of past forest-use on past and
present forest composition, structure, patterns and dynamic.

Materials and methods

 

The study area is located in the Paneveggio Forest
in the Travignolo Valley (Trentino, Italy) where two
subalpine stands, separated by 1500 m, were selected:

Valbona 3 (VB3), latitude 46°17′12 N, longitude 11°45′41 E,
is a Norway spruce (Picea abies (L.) Karst) stand
located at the present upper limit of  the pure spruce
forest; and Buse dell’oro (BDO), latitude 46°17′32 N,
longitude 11°44′45 E, is a mixed stand composed of
Norway spruce, larch (Larix decidua Mill.) and Swiss
stone pine (Pinus cembra L.), located near the tree-line.

The vegetation is Homogyno-Piceetum subalpinum
myrtilletosum at VB3 (Di Tommaso 1983) and Calama-
grostio villosae-Pinetum cembrae piceetosum at BDO
(Filipello et al. 1980). Annual rainfall varies between
1207 mm at Paneveggio (1508 m a.s.l.) and 1316 mm
year−1 at Passo Rolle (2002 m a.s.l.), about 2 and 3 km,
respectively, from the study sites (Gandolfo & Sulli
1993). The average annual temperature at Passo Rolle
is 2.4 °C. The bedrock is porphyry, partially covered
by morainic material, and the soils are podsols and
rankers. Before 1919, when the forest belonged to the
Austro-Hungarian Empire, studies had been initiated
(Wessely 1853; von Guttemberg 1915)  manage-
ment plans established. Following the First World War,
when many trees were damaged and trenches were dug
in proximity to both study plots, the forest became the
property of the Italian State. Subsequently it was
entrusted to the Trentino-Alto Adige Region and since
the 1970s it has belonged to the Autonomous Province
of Trento and is included in the ‘Parco Naturale Pan-
eveggio – Pale di S. Martino’.

 

Local foresters were interviewed and forest manage-
ment plans and other historical documents supplied by
the Provincial Administrative Archives of Trento were
analysed.

 

During 1994 and 1995, two 1-ha relatively structurally
uniform populations were identified and all live and
dead standing trees with a d.b.h. (diameter at 1.3 m
above the ground) > 7.5 cm, along with stems, logs and
stumps, were identified, labelled with numbered metal
tags, and mapped. Two perpendicular d.b.h. were
measured for each tree. Regeneration (h > 10 cm,
d.b.h. < 7.5 cm) was counted and mapped in a transect
(20 × 100 m), randomly selected inside each plot. Plot
coordinates were determined by means of a global
positioning system (GPS) and all data were filed in a
GIS (Arcview 3.1).

 

Spatial patterns can partially reflect the pattern of
spontaneous regeneration, subject to dispersal patterns,
after stand disturbance (Stewart 1986; Taylor & Halpern
1991) or the growth of artificial planting. In reforested
subalpine areas this type of analysis allows for the recon-
struction of the spatial patterns adopted by trees that
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became established and subsequently survived and
developed. In naturally established subalpine stands,
such structure is strongly clustered (Ott et al. 1997).

Spatial distribution was assessed within a grid of
contiguous quadrants. All specimens with d.b.h. >
7.5 cm were counted for successively larger quadrants:
6.25, 16.00, 44.44, 100.00, 156.25, 203.92, 277.89 m2.
Type, intensity and scale of pattern were identified
using the Morisita index (Morisita 1959):

Iδ = q Σni (ni − 1)/N (N − 1)

where q = number of quadrants in the stand of a given
size, ni = number of trees in the i th quadrant, and N = the
total number of trees in the stand. The Morisita index
is a form of nested analysis of variance that is commonly
used to quantify the scale of the clumping of trees (Veblen
1979; Parker & Parker 1994; Taylor et al. 1996).

Iδ = 1.0 when a population is randomly distributed,
> 1.0 if a population is clumped and < 1.0 if a population
is regularly distributed. Each calculated index value was
tested with an F-statistic to determine if  it varied sig-
nificantly (P < 0.01) from that of a random distribution
(Morisita 1959). The higher the index value for clumped
distribution, the greater the intensity of clumping.

 

An increment core was taken upslope at a height of
50 cm from each tree with d.b.h. > 7.5 cm (a total of
477 cores for VB3 and a total of 846 cores for BDO).
Following optimization of surface resolution, annual
ring widths were measured in the laboratory to the
nearest 0.01 mm. Data were collected and stored using
the LINTAB device and the TSAP package (Rinn
1996). All the cores were cross-dated against previously
available site chronologies (Motta et al. 1999; Motta
et al. 2000) in order to ensure the assignment of the cor-
rect calendar year to each annual ring.

The difficulty of intercepting the pith at the coring
height was overcome by using a graphical procedure
for estimating pith location, the missing radius and the
missing rings in the innermost part of the core (Motta
& Nola 2001). The difference in years between coring
height and total age (age at the root collar) was
accounted for by adding 18 years for Norway spruce,
12 for larch and 19 for stone pine (mean values from a
previous study conducted in Paneveggio (Motta 1996)
that assumed that the harvested saplings grew at the
same initial rate as the trees from which the partial
cores were obtained). To account for any errors intro-
duced by the procedures utilized for age estimation, age
structure was established for 10-year classes.

 

White and Pickett (1985) define disturbance as ‘any rel-
atively discrete event in time that disrupts ecosystem,
community, or population structure and changes

resources, substrate availability, or the physical envir-
onment’. We identified disturbances by detecting
abrupt growth increases in radial growth (releases from
suppression) in the increment cores (Lorimer 1984), i.e.
a sudden increase in ring-width > 166% over the pre-
vious 4 years (Schweingruber et al. 1990). It might take
several years for a tree to show a release after a distur-
bance because, although height growth reacts promptly
(Piussi 1988), needles live for at least 5 years and thus it
takes some time before the whole tree crown is adapted
to new light conditions (Crossley 1976; Ferguson &
Adams 1980; McCaughey & Schmidt 1982). In order
to limit errors due to differences in responses, the data
were analysed a second time by decade. A chronology
of all the disturbances recorded from the trees in the
two plots was constructed and release data were sum-
marized as the percentage of trees in a given period that
showed a growth release. The extent of each distur-
bance was determined from the spatial distribution of
the releases. Tree recruitment in these subalpine forests
is very slow and release data were therefore correlated
with establishment data from the successive three decades
to establish the effects of a disturbance (Piussi 1986).

All trees were assigned two Cartesian co-ordinates to
determine position and one co-ordinate for height rel-
ative to origin; these data, together with diameter, age,
annual tree ring width, and the years showing the
beginning of an abrupt growth release, were then
inserted into the GIS. It was thus possible to recon-
struct the establishment and the growth dynamic of the
present-day trees with an annual definition, each single
event being characterized by its date, a magnitude (the
percentage of trees that registered a sudden growth vari-
ation at the moment of the disturbance), and an extent
inside the plot. Ten-year syntheses and related spatial
patterns were reconstructed from the first decade that
contained at least six trees up to the present. For the
decades with the highest percentage of sudden growth
releases or establishment, annual reconstructions were
calculated in order to show the potential formation of
gaps or of disturbances of limited extent.

Each decadal synthesis was then compared with
data extracted from the historical analysis.

Results

 

Norway spruce is the dominant species in both plots
(Table 1) but, whereas plot VB3 is an almost com-
pletely pure stand apart from 6 stone pines that
account for only 1.2% of total trees, larch (21.6%) and
stone pine (9.0%) are also well represented in BDO.
Dead trees are much more frequent in BDO (50) than
in VB3 (8) and the numerous stumps in both plots
(Table 2) are the remains of tree cuts.

The volume of living trees was slightly lower in BDO,
where there was a percentage of  68.7% Norway
spruce, 20.9% larch and 10.3% stone pine (Table 2).
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Regeneration is abundant in both plots and species are
more mixed than in the tree layer (87.0% Norway
spruce, 1.7% larch and 11.3% stone pine in VB3; 50.5%
Norway spruce, 22.8% larch, 20.7% rowan and 6.0%
stone pine in BDO, Table 2).

The overall distribution of trees by size class shows an
exponential negative distribution in both plots (Fig. 1),
with an abundance of trees of small diameter and a rela-
tive lack of  larger diameters. Plot BDO, however,

shows some differences between species: Norway spruce
and larch are represented in all the diameter classes,
while stone pine is well represented only in the lower
diameter classes.

 

Unfortunately the criteria for subdividing the forest
into management compartments changed over time.

Table 1 Stand characteristics for the two plots
\

Plot
Altitude 
(m)

Slope 
(°) Aspect

Number living trees 
(d.b.h. > 7.5 cm)

Number 
Picea abies

Number 
Larix decidua

Number 
Pinus cembra

Number 
Sorbus aucuparia

Number of 
stumps*

VB3 1890 20 North 477 471 – 6 – 265
BDO 1980 15 North 846 583 183 76 4 370

*Stumps derived from recent cuts. Older stumps (more than a few decades) are decayed and covered by moss and ground vegetation and it is not possible 
to separate them from the ground.

Table 2 Volume and sapling density ha–1. Volumes were calculated according to yield tables from the Trento Forest
Administration. Saplings are individuals with height > 10 cm and d.b.h. < 7.5 cm

Plot

Total volume 
living trees 
(m3)

Volume 
Picea 
abies (m3)

Volume 
Larix 
decidua (m3)

Volume 
Pinus 
cembra (m3)

Number 
Saplings

Saplings 
Picea abies

Saplings 
Larix decidua

Saplings 
Pinus cembra

Saplings 
Sorbus 
aucuparia

VB3 330 328 – 2 3010 2620 50 340 –
BDO 260 168 45 27 4815 2430 1100 290 1100

Fig. 1 Size class distribution for each species in the two plots.
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During Austrian rule, the forest was divided into large
sections (50–100 ha) with definite permanent bound-
aries and each section was subdivided into smaller man-
agement units, the borders of which could be changed
with each subsequent revision of the management
plan. Since 1926, the forest has been divided into sec-
tions of 10–20 ha. Therefore it is almost impossible to
locate our study plots precisely in the various historic
management maps. Plans are available from 1878, but
only two maps (1878 and 1925) delineate internal borders;
in addition, information and data on forestry practices
and natural disturbances is only available on a rough
scale. However, allowing for these limitations, the maps
provide crucial information about stand history.

A manuscript inventory, dated approximately from
the first half  of the 19th century, provides a description
of the whole forest. Our study plots are located in the
‘district’ called ‘Colbricon con Buse dell’oro’, which
stretches from the ridge of the mountains to the valley
bottom. This district was divided in 26 ‘sections’, four
of which were pastures and meadows, two of which
were mountain pine (Pinus mugo Turra) stands, and the
others were all Norway spruce. Eleven of the Norway
spruce ‘sections’ are described as recently cut (some-
times clear cuts) and three as young stands.

The first precise technical description of the forest
(Wessely 1853) describes a selection system (Plenter-
ung), possibly used at high altitudes, with clearcutting
documented from the beginning of the 19th century.
The proximity of summer pastures is consistent with
the negative effect of grazing on regeneration and here,
as in nearby forests, trees were sometimes girdled to
promote the growth of herbaceous plants.

In the management plan drawn up in 1888, the
Paneveggio forest was subdivided into management
sectors distinguished by type of treatment. Unit A was
managed with shelterwood felling in small groups
(Femelschlag) every 160 years, with an initial seeding
felling followed by clearance after 20 years; Unit B,
where the study plots are located, was managed with
a selection system (Plenterung) among mature indi-
viduals approximately 200 years old. Clearcutting was
implemented in the more fertile low-lying areas less
than 1 km from VB3 but not in our plots (Piussi 1965).

Management directives and information on cuttings
are available for VB3 but information on BDO is lim-
ited and somewhat vague.

The sector that includes plot VB3 was described at
the end of the 19th century as an uneven-aged stand of
Norway spruce with occasional larch and stone pine
specimens, and subsequently as an uneven-aged stand
but with very irregular adult classes and dense even-
aged groups. No reforestation appears to have been
carried out (Piussi 1979). The sector that includes plot
BDO was described at the end of the 19th century as
sparsely wooded small-group forest of rather low silvi-
cultural quality. It is possible that seeding with Norway
spruce, larch and stone pine, as well as artificial plan-
tations, was carried out over small areas.

Felling is documented in Valbona between 1880 and
1900, although the exact location could not be estab-
lished (Motta et al. 1999), and between 1909 and 1913.
Between 1919 and 1921 a salvage operation following
windthrows and Ips typographus outbreaks removed
200 000 m3 of wood (equivalent to 50 years of pre-
scribed fellings). Other felling periods occurred from
1926 to 1933 after windthrows, and from 1945 to 1946.
Since then, no commercial timber exploitation has
taken place, with the exception of some thinning and
small salvage fellings.

 

Overall, both stands displayed clumped distributions
(Fig. 2). In VB3, clumping occurred over a wide range
of scale (16 m2−277.89 m2), whereas BDO shows
intense clumping at 6.25 m2 but no clumping above
200 m2. The larger scale in VB3 reflects its site fertility
and slightly lower altitude as compared with BDO (Ott
et al. 1991) where the presence of stone pine, the seeds
of which are transported by nutcracker (Nucifraga
caryocatactes), further favours small clumps (Mattes
1985). In both stands, the spatial pattern is typical of
naturally originating subalpine populations.

 

It was possible to count or estimate the number of rings
on about 95% of the cores collected at 50 cm height,
while the other 5% were discarded.

Unlike the size structure, the age structure of the two
plots is very different. The maximum age of the trees is
similar (445 years in VB3 versus 397 years in BDO) but
different patterns of establishment are evidenced from
the exponential negative distribution in VB3 (Fig. 3a)
compared with sporadic regeneration in BDO up to the
end of the 19th century, followed by a massive peak at
the beginning of the 20th century (Fig. 4a).

The species in BDO also differ in age structure: trees
over 100 years old are almost exclusively Norway

Fig. 2 Values of Morisita’s (1959) index for the two plots at
different quadrat size. The values > 1 represent clumped
distributions, the values < represent a regular distribution.
All values are significantly (F-test. P < 0.01).
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spruce or larch, while stone pine is more common at
less than 80 years.

There are few trees younger than 60 years, probably
because they have not yet achieved a diameter < 7.5 cm
and were therefore not recorded.

 

Temporal reconstruction

Sudden increases in radial growth (releases from
suppression) in the increment cores were analysed
between 1720 and 1995 (VB3) and 1680 and 1995
(BDO).

In plot VB3, strong disturbances (more than 20% of
trees exhibiting abrupt releases) were observed in the
decades 1820–1829, 1770–1779, 1750–1759 and 1920–
1929 (Fig. 3b), listed in order of intensity, compared
with 1820–1829, 1680–1689, 1770–1779 and 1920–
1929 in BDO (Fig. 4b). Of the three decades common
to both plots, those between 1820 and 1829 and 1770
and 1779 correspond to periods of intense utilization
throughout the entire forest, and those between 1920
and 1929 correspond to salvage cutting following Ips
typographus outbreaks. High rates of  disturbance
during these periods were also recorded in other areas
of  the forest (Piussi 1965; Motta et al. 1999). Other

decades show a relatively high percentage of trees with
at least one release (> 10%).

Although VB3 shows continuous establishment
(Fig. 3a), comparison with a typical exponential distri-
bution curve (Hett & Loucks 1976) indicates decades
with a slightly higher than average value (e.g. 1750–
1759 and 1840–1849). However, it is not possible to
identify any single disturbance or groups of distur-
bances in the tree ring patterns that gave rise to a
massive regeneration. Frequent disturbances appear to
have allowed almost continuous regeneration as seen
in the current stand (Table 2).

Regeneration in BDO, on the other hand, took place
almost exclusively during the early 20th century
(Fig. 4a), particularly in the 1920–1929 decade. It is
not possible to identify a disturbance of  sufficient
magnitude to explain such massive establishment:
wartime cuts and Ips typographus outbreaks occurred
after the establishment had already begun and
therefore only intensified a process that was already
underway.

   

Combining the data from topographical surveys with
the data from tree ring measurements enabled us to
make a temporal and spatial reconstruction of both

Fig. 3 Tree establishment (a) and abrupt growth releases (b) in plot VB3. The abrupt growth releases are expressed as a percentage
of trees in a given period that showed release. Only periods with more than five live trees were considered. Cumulative sampling
depth (number of trees) is shown on the right.
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present stand establishment and of the extent and
effects of each disturbance.

It was also possible to focus on particular aspects of
the spatial pattern of the trees, for example by drawing
maps showing tree distribution by both species and age
class (Figs 5 and 6).

All of the disturbances analysed showed a uniform
distribution within the stands: no gaps (for a gap estab-
lishment see, e.g., Payette et al. 1990; Daniels & Klinka
1996) or concentration in one sector of the stand were
observed. However, VB3 was divided into two distinct
management units in 1926 and subsequent distur-
bances have been more intense in the western half.
Examples of maps in which decadal data for releases
are compared with regeneration in the three following
decades are provided in Figs 7 and 8. In VB3 a large
percentage of trees exhibited a release during 1820–
1829 but there was no concomitant increase in recruit-
ment (Fig. 7). In BDO, massive establishment at the
beginning of the 20th century is the consequence of the
disturbances provoked in some part by the war, but
also mainly by a change in land-use from the end of the
19th century (Fig. 8).

Discussion

The interpretation of results must be cautious for sev-
eral reasons. First, natural regeneration of Norway

spruce subalpine stands can last for several decades,
during which several cohorts may establish. It is there-
fore possible that the effects of successive disturbances
can run together, making it difficult to distinguish
between them, and thus to connect a disturbance to a
subsequent regeneration. Furthermore, the present age
structure is a record of  both establishment and sub-
sequent survival up to the moment of sampling, and a
lack of trees dating from a given period may be due to
a lack of establishment and/or high mortality rates of
trees regenerating at that time (Johnson et al. 1994).
Finally, the use of historical records may make the
identification and spatial analysis of disturbances un-
avoidably subjective.

Both of the plots studied are multi-layered and show
a horizontal group structure, typical of natural sub-
alpine forests in this region (Mayer & Ott 1991).

Both stands have existed for a long time, with trees of
over 440 years of age in VB3 and of almost 400 years in
BDO. Nevertheless, they are overall relatively young,
with 41% (VB3) and 92% (BDO) of the trees being less
than 100 years old, and few standing or fallen dead
trees.

Despite the limitations of the methods employed, the
incidence and frequency of disturbances suggest that
the principle disturbance in both plots is human inter-
vention. Some decades have a particularly high per-
centage of trees recording disturbances, and their

Fig. 4 Tree establishment (a) and abrupt growth releases (b) in plot BDO. Conventions as in Fig. 3.
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occurrence in 1770–1779, 1820–1829 and 1920–29 in
both stands and also at lower altitudes (Piussi 1965;
Motta et al. 1999) suggests that they may have affected
the entire Paneveggio forest.

The disturbances that the two plots had in common
have been identified as due to heavy forest utilization,
except for the last one, which was related to salvage
cutting and Ips typographus outbreaks. While large,

Fig. 5 Tree age and spatial distribution in the plot VB3.

Fig. 6 Tree age and spatial distribution in the plot BDO.
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stand-destroying disturbances did not occur, factors
such as wind and snow (especially in the pure Norway
spruce forests) may have caused small-scale distur-
bances. At any rate, the spatio-temporal succession
of releases indicates that the disturbances were evenly
distributed over the studied plots, or at least within
sections subject to the same management (i.e. for plot
VB3 over the last 80 years). Therefore, unlike other
studies carried out in virgin or old growth subalpine
forests (Payette et al. 1990; Daniels & Klinka 1996)
or in boreal Norway spruce stands (Leemans 1991;
Hofgaard 1993), it was not possible to identify the
formation of gaps.

The lack of pioneer early seral species in plot VB3
may be due to diverse factors, such as its current develop-
ment stage, past forestry practices and recent browsing
by wild ungulates (Motta 1999).

The main difference between the two stands is that
regeneration took place relatively continuously over
the past 300 years in VB3, while in BDO it occurred
massively only from the first decades of  the 20th

century.
In 1877, stand VB3 was part of the forest area man-

aged with the plenterwald method, which had been

applied since at least the beginning of the 19th century
(Wessely 1853). In modern silviculture this is a single-
tree or small-group selection system (Schütz 1996) but
we hypothesize that 100–200 years ago in Paneveggio
it was a treatment similar to a modern high grading
system (Nyland 1992) or some kind of commercial
selection. Its objectives were primarily economic
and not cultivation-orientated, though plenterwald
maintained a continuous forest cover with ongoing
establishment of regeneration.

Although BDO was also in the plenterwald area in
1877, it was probably grazable forestland with scattered
trees up to the end of  the 19th century. This is con-
firmed by historical documents and by the crown shape
of the oldest trees (many branches deep foliage, typical
of specimens that have matured in isolation) and by
large rings in early life (a consequence of high levels of
available light). There is no evidence of past fires.

The massive regeneration that took place at the
beginning of the 20th century cannot be connected to
any particularly intense disturbance detected in the
tree rings. Historical documents do not allow us to rule
out seeding or planting in this area, but wartime activ-
ity increased the scarification of the soil surface and

Fig. 7 Temporal and spatial reconstruction of disturbance recorded by the trees (1820–1829) and subsequent regeneration
(1820–1849) in VB3. This is an example of a large percentage of trees exhibiting release (> 60%) without a concomitant increase
in recruitment.
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subsequent regeneration. The clumped distribution,
mix of species and establishment trends similar to most
others in the Alpine ranges (Motta & Nola 2001), sug-
gest that the peak of regeneration probably occurred
naturally. Socio-economic changes led to a decrease of
the local population and to the gradual disappearance
and final abandonment of grazing. The historical data
and the spatio-temporal aspects of the regeneration
suggest that the influence of favourable climatic condi-
tions (Motta & Nola 2001), though possible, may be
less important. The highest levels of regeneration
occurred during 1920–1929, when soil upheaval due to
cannon fire and trench construction and Ips typographus
outbreaks with consequent salvage cuts resulted in
favourable conditions, enhancing processes that had
already begun. The association of a reduction in graz-
ing with the consequences of the war favoured a rapid
restoration of the forest stand. The presence of the

larch (a pioneer species) is due to previous grazing and
to the creation of favourable conditions for larch estab-
lishment (mineral soil) at this time.

Comparison of the incidence and frequency of dis-
turbances with establishment data suggests that the
disturbances leading to regeneration are almost exclu-
sively of anthropogenic origin, whether as a conse-
quence of silvicultural interventions (cuts) in VB3 or of
changing land-use followed by war in BDO.

The unusually high number of disturbances (a high
percentage of  trees exhibiting releases) without a
concomitant increase in recruitment (Figs 3 and 4) can
be explained by anthropogenic activities, including
grazing.

Combining historical research with tree-ring ana-
lysis and using the GIS enabled us to reconstruct a
detailed history of the two plots whose development
appears to have been influenced mainly by timber

Fig. 8 Temporal and spatial reconstruction of disturbance recorded by the trees (1920–1929) and subsequent regeneration
(period 1920–1949) in BDO. The massive establishment is the consequence of the disturbances provoked by the war, but mainly
by a change in land from the end of the 19th century. 
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utilization and land use. The results also show that in
the Paneveggio forest it is very difficult to distinguish
between the signs left by natural disturbances and
those of human intervention and they represent a solid
base for comparing these stands where silviculture and
other human activities have been excluded, with similar
stands where cuts have been made. The importance of
studying the forest stands’ history has been confirmed
by the fact that the two plots that are of similar size and
spatial structure were managed differently and devel-
oped in entirely different ways. As in most European
and eastern United States forests, decade-by-decade
tallies of recruitment showed little correspondence
with growth releases and forest change was driven by
long-term trends in economic and cultural history
rather than by autogenic succession (McLachlan et al.
2000).

At this moment in time, it is not possible to formu-
late hypotheses on the type, frequency and intensity of
the natural disturbances currently operating in the sub-
alpine forests of Paneveggio. Our sampling method-
ology, however, allows for future monitoring of the
effects of natural disturbances on stands that were
essentially modelled by human intervention and then
allowed to evolve naturally. Greater awareness of the
interaction between human activities and natural dis-
turbances will lead to better knowledge of the subalpine
forests of the Alps and to better long-term manage-
ment of natural resources (Peterson et al. 2000).

Acknowledgements

This study was funded by the EU (FORMAT, ENV4-
CT97-0641) and by the ‘Parco Naturale Paneveggio-
Pale di S. Martino’. The authors thank Francesco
Dellagiacoma (Paneveggio Provincial Forest) and
Ettore Sartori (Parco Naturale Paneveggio – Pale di
S. Martino) for logistic support, Giuliano Zugliani
(Paneveggio Provincial Forest), Caterina Hügle and
Roberto Musmeci for help during field sampling, and
Alberto Collatin for GIS support.

References

Abrams, M.D. & Copenhaver, C.A. (1999) Temporal vari-
ation in species recruitment and dendroecology of an old-
growth white oak forest in the Virginia Piedmont, USA.
Forest Ecology and Management, 124, 275–284.

Abrams, M.D. & Orwig, D.A. (1996) A 300-year history of
disturbance and canopy recruitment for co-occurring white
pine and hemlock on the Allegheny Plateau, USA. Journal
of Ecology, 84, 353–363.

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.

Bradshaw, R.H.W. (1993) Tree species dynamics and distur-
bance in three Swedish boreal forest stands during the last
two thousand years. Journal of Vegetation Science, 4, 759–
764.

Bradshaw, R., Gemmel, P. & Bjorkman, L. (1994) Develop-
ment of  nature-based silvicultural models in Southern

Sweden: the scientific background. Forest and Landscape
Research, 1, 1–16.

Burton, P.J., Kneeshaw, D.D. & Coates, K.D. (1999) Manag-
ing forest harvesting to maintain old growth in boreal and
sub-boreal forests. Forestry Chronicle, 75, 623–631.

Carcaillet, C. (1998) A spatially precise study of Holocene fire
history, climate and human impact within the Maurienne
valley, North French Alps. Journal of Ecology, 86, 384–
396.

Cherubini, P., Piussi, P. & Schweingruber, F.H. (1996)
Spatiotemporal growth dynamics and disturbances in a
subalpine spruce forest in the Alps: a dendroecological
reconstruction. Canadian Journal of Forest Research, 26,
991–1001.

Crossley, D.I. (1976) Growth response of spruce and fir to
release from suppression. Forestry Chronicle, 56, 189–193.

Daniels, L.D. & Klinka, K. (1996) The dynamics of  old-
growth. Thuja-Tsuga forests near Vancouver, British
Columbia. Tree Rings, Environment and Humanity (eds
J.S. Dean, D.M. Meko & T.W. Swetnam), pp. 379–393.
Radiocarbon, Tucson.

Dellagiacoma, F., Motta, R. & Piussi, P. (1996) Ricerche
sull’ecologia della pecceta subalpina nella foresta di Pan-
eveggio (TN). Dendronatura, 17, 77–86.

Di Tommaso, P.L. (1983) Contributo ad una tipologia
floristico-ecologica della foresta di Paneveggio (Trento).
Versante meridionale. Annali Accademia Italiana Di
Scienze Forestali, 32, 287–315.

Dotta, A. & Motta, R. (2000) Boschi Di Conifere Montani.
Indirizzi Selvicolturali. Regione Piemonte, Blu Edizioni,
Peveragno.

Ferguson, D.E. & Adams, D.L. (1980) Response of advance
grand fir regeneration to overstory removal in northern
Idaho. Forest Science, 26, 537–545.

Filipello, S., Sartori, F. & Vittadini, M. (1980) Le associazioni
del Cembro nel versante meridionale dell’arco alpino. 2.
La vegetazione: aspetti forestali. Atti Istituto Botanico E
Laboratorio Crittogamico Università Di Pavia, 6 (14), 1– 46.

Foster, D.R., Orwig, D.A. & McLachlan, J. (1996) Ecological
and conservation insights from retrospective studies of
old-growth forests. Trends in Ecology and Evolution, 11,
419– 424.

Foster, D.R., Zebrik, T., Schoonmaker, P. & Lezberg, A.
(1992) Post-settlement history of  human land-use and
vegetation dynamics of a Tsuga canadensis (hemlock) woodlot
in central New England. Journal of Ecology, 80, 773–786.

Gandolfo, C. & Sulli, M. (1993) Studi Sul Clima Del Trentino
Per Ricerche Dendroclimatologiche E Di Ecologia Forestale.
Provincia Autonoma di Trento – Servizio Foreste, Trento.

Glitzestein, J.S., Canham, C.D., McDonnell, M.J. & Streng,
D.R. (1990) Effects of environment and land-use history on
upland forests of the Cary Arboretum, Hudson Valley,
New York. Bulletin of Torrey Botanical Club, 117, 106–122.

von Guttemberg, A. (1915) Wachstum und Ertrag der Fichte
Im Hochgebirge. Franz Deuticke, Wien.

Hett, J.M. & Loucks, O.L. (1976) Age structure models of
balsam fir and eastern hemlock. Journal of Ecology, 64,
1029–1044.

Hillgarter, F. (1971) Waldbauliche und ertragskundliche
Untersuchungen im subalpinen Fichtenwald Scatlé/Brigels.
Beih. Schweiz. Z. Forstwes., 48, 1–80.

Hofgaard, A. (1993) Structure and regeneration patterns in a
virgin Picea abies forest in northern Sweden. Journal of
Vegetation Science, 4, 601–608.

Johnson, E.A., Miyanishi, K. & Kleb, H. (1994) The hazards
of interpretation of static age structures as shown by stand
reconstruction in Pinus contorta-Picea engelmannii forest.
Journal of Ecology, 82, 923–931.

Kalhs, J. (1974) Struktur und Entwicklungsdynamik im sub-
alpinen Fichtenwald Schloβberg. Lienz. BOKU Dissert.,
Wien.



506
R. Motta, P. Nola 
& P. Piussi

© 2002 British 
Ecological Society, 
Journal of Ecology, 
90, 495–507

Kitzberger, T., Veblen, T.T. & Villalba, R. (2000) Metodos
dendroecologicos y sus aplicaciones en estudios de
dinamica de bosques templados de Sudamerica. Dendro-
cronologia en America Latina (ed. F.A. Roig), pp. 17–78.
EDIUNC, Mendoza.

Kohm, K.A. & Franklin, J.F. (1997) Creating a Forestry for
the 21st Century: the Science of Ecosystem Management.
Island Press, Washington DC.

Körner, W., Dupouey, J.L., Dambrine, E. & Benoït, M.
(1997) Influence of past land use on vegetation and soil of
present day forest in the Vosges mountains, France. Journal
of Ecology, 85, 351–358.

Korpel, S. (1995) Die Urwälder der Westkarpaten. Fischer,
Jena.

Leemans, R. (1991) Canopy gap and establishment patterns
of  Spruce (Picea abies (L.) Karst.) in two old-growth
coniferous forests in central Sweden. Vegetatio, 93, 157–
165.

Leibundgut, H. (1982) Europäische Urwälder der Bergstufe.
Paul Haupt, Bern.

Linder, P., Elfving, B. & Zackrisson, O. (1997) Stand struc-
ture and successional trends in virgin boreal forest
reserves in Sweden. Forest Ecology and Management, 98,
17–33.

Lorimer, C.G. (1984) Methodological considerations in the
analysis of forest disturbance history. Canadian Journal of
Forest Research, 15, 200–213.

Lorimer, C.G. & Frelich, L.E. (1989) A methodology for
estimating canopy disturbance frequency and intensity in
dense temperate forests. Canadian Journal of Forest
Research, 19, 651–663.

Mattes, H. (1985) The role of animals in cembran pine forest
regeneration. Proceedings of the 3rd IUFRO Workshop.
Eidg. Anst. Forstl. Verschchswes., 270, 197–205.

Mayer, H. & Neumann, M. (1981) Structureller und entwick-
lungsdynamischer Vergleich der Fichten-Tannen-Buchen
Ürwalder Rothwald/Niederösterreich und Corkova Uvala/
Kroatien. Forstswissenschaftliches Centralblatt, 100, 111–
132.

Mayer, H. & Ott, E. (1991) Gebirgswaldbau. Schutzwaldpflege.
Gustav Fisher, Stuttgart.

Mazzucchi, M. (1999) Selvicoltura del parco o selvicoltura
senza etichette? Sherwood, 43, 5–11.

McCaughey, W.W. & Schmidt, W.C. (1982) Understory Tree
Release Following Harvest Cutting in Spruce-Fir Forests of
the Intermountain West. US Department of Agriculture.
Forestry Services Pap. Int-285. Intermountain Forest and
Range Experiment Station, Ogden, VT.

McLachlan, J.S., Foster, D.R. & Menalled, F. (2000) Anthro-
pogenic ties to late successional structure and composition
in four New England hemlock stands. Ecology, 81 (3), 717–
733.

Morisita, M. (1959) Measuring of  the dispersion of  indi-
viduals and analysis of the distributional pattern. Memories
of Faculty of Science, Kyushu University, Series E. Biology,
2, 215–235.

Motta, R. (1996) Metodi e problemi nella determinazione
dell’età di alberi viventi in studi ecologici e di dinamica fore-
stale. Linea Ecologica, 37, 2–9.

Motta, R. (1999) Wild ungulate browsing, natural regenera-
tion and silviculture in the Italian Alps. Journal of Sustainable
Forestry, 8, 35–53.

Motta, R. & Nola, P. (2001) Growth trends and dynamics in
subalpine forest stands in the Varaita valley (Piedmont,
Italy) and their relationships with human activities
and global change. Journal of Vegetation Science, 12, 219–
230.

Motta, R., Nola, P. & Piussi, P. (1999) Structure and stand
development in three subalpine Norway spruce (Picea abies
(L.) Karst.) stands in Paneveggio (Trento, Italy). Global
Ecology and Biodiversity, 8, 455–473.

Motta, R., Nola, P. & Piussi, P. (2000) Structure and stand
development in a mixed Norway spruce (Picea abies (L.)
Karst.), larch (Larix decidua Mill.) and stone pine (Pinus
cembra L.) stand in Paneveggio (Trento, Italy). Dendro-
chronologia, 16–17, 57–74.

Nowacki, G.J. & Abrams, M.D. (1994) Forest composition,
structure, and disturbance history of  the Alan Seeger
Natural Area, Huntington Country, Pennsylvania. Bulletin
of Torrey Botanical Club, 121, 277–291.

Nyland, R.D. (1992) Exploitation and greed in Eastern hard-
woods forests. Journal of Forestry, 90, 33–37.

Orwig, D.A. & Abrams, M.D. (1994) Land-use history
(1720–1992), composition and dynamics of  oak-pine
forests within the Piedmont and Coastal Plain of  northern
Virginia. Canadian Journal of Forest Research, 24, 1216–
1225.

Ott, E., Frehner, M., Frey, H.U. & Luscher, P. (1997) Gebirg-
snadelwalder. Paul Haupt, Bern.

Ott, E., Luscher, F., Frehner, M. & Brang, P. (1991)
Verijüngungsökologische Besonderheiten im Gebirgsfich-
tenwald im Verleicht zur Bergswaldstufe. Schweizerische
Zeitschrift für Forstwesen, 142, 879–904.

Parker, A.J. & Parker, K.C. (1994) Structural variability of
mature lodgepole pine stands on gently sloping terrain in
Taylor Park Basin, Colorado. Canadian Journal of Forest
Research, 24, 2020–2029.

Payette, S., Filion, L. & Delwaide, A. (1990) Disturbance
regime of a cold temperate forest as deduced from tree-ring
patterns: the Tantaré Ecological Reserve, Québec. Cana-
dian Journal of Forest Research, 20, 1228–1241.

Peterken, G.F. (1996) Natural Woodland. Ecology and Con-
servation in Northern Temperate Regions. Cambridge
University Press, Cambridge.

Peterson, D.L., Prichard, S.J. & McKenzie, D. (2000) Distur-
bance in mountain forests. Forest in Sustainable Mountain
Development: a State of  Knowledge Report for 2000
(eds M.F. Price & N. Butt), pp. 51–58. CABI Publishing,
Wallingfors.

Piussi, P. (1965) Alcune osservazioni ed esperienze sulla rinno-
vazione naturale della Picea nella foresta di Paneveggio
(Trento). Annali Accademia Italiana Di Scienze Forestali,
14, 345–400.

Piussi, P. (1979) Nuovi studi sulla rinnovazione delle
peccete nella Val di Fiemme. Memorie Del Museo Triden-
tino Di Scienze Naturali, 23, 113–169.

Piussi, P. (1986) La rinnovazione della pecceta subalpina. Le
Scienze, 215, 58–67.

Piussi, P. (1988) Accrescimento e sopravvivenza del novel-
lame di Picea in tagliate a raso a buca. Scritti Di Selvicoltura
in Onore Di Alessandro de Philippis, pp. 209–221. Accademia
Italiana di Scienze Forestali, Firenze.

Piussi, P. (2000) Expansion of European mountain forests.
Forest in Sustainable Mountain Development (eds M.F. Price,
N. Butt), pp. 19–25. CABI. Publications, Wallingford.

Rigling, A. & Schweingruber, F.H. (1997) Entwicklung
waldföhrenreicher Wälder im Gebiet Brienz-Wiesen (GR).
Eine historisch-dendroökologische Studie. Schweizerische
Zeitschrift für Forstwesen, 148, 173–196.

Rinn, F. (1996) TSAP Reference Manual, Version 3.0. TSAP.
Heidelberg.

Ruffner, C.M. & Abrams, M.D. (1998) Relating land-use
history and climate to the dendroecology of  a 326-year-
old Quercus prinus talus slope forest. Canadian Journal of
Forest Research, 28, 347–358.

Schütz, J.P. (1996) Sylviculture 2. La Gestion Des Forêts
Irrégulières et Mélangéés. Presses Polytechniques et Uni-
versitaires Romandes, Lausanne.

Schweingruber, F.H., Eckstein, D., Serre-Bachet, F. &
Braker, O.U. (1990) Identification, presentation and inter-
pretation of event years and pointer years in dendro-
chronology. Dendrochronologia, 8, 9–38.



507
Investigations in a 
subalpine forest

© 2002 British 
Ecological Society, 
Journal of Ecology, 
90, 495–507

Stewart, G.H. (1986) Population dynamics of  a montane
conifer forest, Western Cascade Range, Oregon, USA. Ecology,
67, 534–544.

Taylor, A.H. & Halpern, C.B. (1991) The structure and
dynamics of Abies magnifica forests in the southern Cascade
Range, USA. Journal of Vegetation Science, 2, 189–200.

Taylor, A.H., Qin, Z. & Liu, J. (1996) Structure and dynamics
of subalpine forests in the Wang Lang Natural Reserve,
Sichuan, China. Vegetatio, 124, 25–38.

Veblen, T.T. (1979) Structure and dynamics of Nothofagus
forests near timberline in south-central Chile. Ecology, 60,
937–945.

Wessely, J. (1853) Die Österreinchischen Alpländer und Ihre
Forste. Braunmüller, Wien.

White, M.A. & Mladenoff, D.J. (1994) Old-growth forest
landscape transitions from pre European settlement to
present. Landscape Ecology, 9, 191–205.

White, P.S. & Pickett, S.T.A. (1985) Natural disturbance and
patch dynamics: an introduction. The Ecology of Natural
Disturbance and Patch Dynamics (eds S.T.A. Pickett &
P.S. White), pp. 3–13. Academic Press, San Diego.

Received 21 December 2001 
revision accepted 30 January 2002


