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The aim of this paper is to provide early feedback on stand structure attributes in Italian Apennines
forests that could be considered Old Growth Forests in the Mediterranean Eco-Region. Few data are
nowadays available relating to this Region. 10 forest reserves across the Apennines were selected and a
census of trees and structural parameters was conducted in permanent plots (0.16-1.0 ha), one plot for
each selected forest stand. Dimensional and structural characters indicate a large variability among the
investigated forest stands.
The considered parameters are compared with those reported for other European countries. Old
growth features and characteristics of each indicator should be revised and referred to the particular
climatic and biogeographic context. The chosen forest study sites are to be considered old if related to
common Apennine stands but, in some cases, their development stage is not so close to “truly” Old
Growth Forest. Permanent plots allow future investigations on dynamic processes leading to real Old
Growth Mediterranean Forests in Italian Apennines.
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1. Introduction
The occurrence of persistent woodlands
represents an unique chance for forestry
researchers involved in ecological studies. The
absence of silvicultural activities for decades
shows us dynamic processes according to
the potential of the site. Evolution can lead
to a diversification in terms of structure and
biodiversity, approaching the level of a native

forest (Frelich and Reich, 2003; Spies, 2004;
Lombardi et al., 2008). The characterization
and localization of old growth forests allows
effective conservation policies and ecological
network implementation. Besides, old growth
forests have also an important role in carbon
storing (Luyssaert et al., 2008).
Since there are many ways for a forest to grow
old, it is probably not possible and not useful to
try to provide a concise scientific definition of
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Old-Growth Forest (Wirth et al., 2009). For
this reason, we cannot find in literature a general and unambiguous definition of old growth
forests (Spies, 2004). We can try to recognize
an Old-Growth Forest supported by indicators that can be easily referred to structural and
functional complexity conditions (Peterken,
1996). Typical criteria to identify old-growth
conditions are: large, old trees with regard to
species and site; wide variation in tree size, age
and spacing, large dead standing and fallen trees; multiple canopy layers; heterogeneous vertical and horizontal structure; canopy gaps and
understory patchiness; abundant ferns, lichens
and bryophytes; decadence in terms of broken
and deformed tops or boles and root decay;
canopy tree mortality mostly agent-based (i.e.,
from disease and wind) rather than competition-based (except within dense patches of regeneration in the understory).
In Europe research has been mainly directed
towards boreal and temperate old-growth forests, where several surviving “virgin” reserves
tend to have a longer protection history and
were less influenced by human activities before
designation (Christensen et al., 2005). Many
studies were conducted on old growth forests,
focusing on their structure and composition
(e.g. Kuuluvainen et al., 1998; Emborg et al.,
2000; Tabaku, 2000), on their structural dynamics and natural regeneration (e.g. Korpel,
1982; Koop and Hilgen, 1987; Björkman
and Bradshaw, 1996; Lindner et al., 1997;
Linder, 1998; Bobiec et al., 2000; Diaci et al.,
2003; Nagel et al., 2006), on stand age structure (e.g. Rozas, 2003) and dead wood occurrence (e.g. Jonsson, 2000; Siitonen et al.,
2000; Saniga and Schutz, 2002).
In the Mediterranean region, forests have
been exploited since ancient times: cutting,
grazing and fire have all greatly simplified
forest stand composition and structure; for
this reason, Mediterranean old-growth forests
are very rare and usually are found only inside
strict forest reserves (Paci and Salbitano,
1998) or in remote and impervious mountain
areas (Motta and Edouard, 2005; Piovesan
et al., 2005; Motta et al., 2006; Piovesan et
al., 2010).
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Specifically in the Italian peninsula, since
Roman time, all forests have been heavily
affected by direct anthropogenic disturbances
throughout periodic forest loggings or indirectly
by many types of habitats management and
manipulation (Motta and Edouard, 2005).
However and almost everywhere the harvesting
removed the trees before they reached their
maximum dimensions at the end of the
physiological cycle.
New social priorities had led after the Second
World War to a reduction in silvicultural
activities, especially in some remote areas on
the mountain: as a result, many forests have
developed naturally over the past few decades,
even if their composition and structure still
reflect past human activity (Motta et al., 2006;
Citterio et al., 2007; Burrascano et al., 2008).
These forests could be so defined as persistent
woodlands (Marchetti et al., 2010). In 2006,
natural forests within the Cilento and Vallo
di Diano National Park (Southern Italy) were
selected as a primary study site for biodiversity
conservation efforts by the EU, where longterm-monitoring will estimate the time span
required for disturbed forest to become
equivalent to old-growth forests (Marchetti
et al., 2010). Studies carried on in persistent
protected woodlands can give precious
indications about the dynamics of forests
that are developing without human influence
(Mason, 2004).
Recently, several authors have identified
some potential old-growth forests in Italy
(Chirici and Nocentini, 2010). These are
mainly located in mountain areas in the Alps
(Motta, 2002; Motta and Edouard, 2005;
Motta et al., 2006), in the Apennine regions
(Paci and Salbitano, 1998; Piovesan et al.,
2005; Burrascano et al., 2009) and also in
the Mediterranean area (Citterio et al., 2007;
Puxeddu et al., 2010). However, studies in
Mediterranean areas are still scarce and for this
reason there is not a definition of old-growth
supported by indicators that can be easily used
for the individuation of old-growth forests in
different forests types, furthermore considering
that they can vary across the European ecoregions.
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This paper introduces some of the results
of the project “Innovative methods for
the identification, characterization and
management of old-growth forests in the
Mediterranean environment” funded by the
Italian Ministry for University and Research
(PRIN 2007, proj. 2007TFREJ9).
The aim of this research is to contribute to
redress the imbalance in knowledge on old
growth forest definitions in the Mediterranean
forest areas, considering how it was already
stressed in Central and North European forests
(Peterken, 1996; Pedlar et al., 2002; Siitonen
et al., 2000; Spetich et al., 1999; Wirth et
al., 2009). In so doing and then selecting
appropriate indicators of “old-growthness” and
research based thresholds for these indicators, it
is possible to identify “potentially” old-growth
forests and plan appropriate conservation
measures (Nocentini, 2010).
In order to identify old-growth conditions
in Mediterranean unmanaged forests by
analyzing the living tree component from the
dimensional and the structural point of view,
10 forest reserves across the Apennines in
Italian peninsula were considered. In this paper
attributes usually adopted to define old-growth
forest such as large trees for the species and the
site, wide variation in tree size, multiple canopy
layer, J-reverse shape or rotated sigmoid
diameter distribution were analyzed.
Data and discussion on dead wood
occurrence in the same study areas can be
found in Lombardi et al. (2010).
2. Material and methods
2.1. Study sites
The census was conducted in 10 forest sites
located across the Apennines (Italy) (Figure 1).
For each study area, forest type, altitude, main
climatic data and years since last harvesting are
reported in the brief description below.
1) Cozzo Ferriero – this is an almost pure
Fagus sylvatica high forest stand where
Acer pseudoplatanus presence increases
with the rise of the humidity conditions;
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according to EEA (2006) the forest type
is an Apennine-Corsican montane beech
forest. Cozzo Ferriero area, undisturbed
for 80 years, is located within the Pollino
National Park, in Basilicata (a Southern
Italy region), not so far from the village of
Rotonda (Potenza district). The study site,
West faced, is placed at 1700-1750 m a.s.l.,
on a bedrock made of Cretaceous limestone
where dolomitic limestones are prevalent,
with greensands and clay soils moderately
deep that can be referred to the Typical
Hapludolls (Regione Basilicata, 2004);
the mean annual temperature is 7.3 °C and
the mean annual rainfall is 1180 mm.
2) Fosso Cecita – according to EEA (2006)
this forest is a Mediterranean and Anatolian
black pine forest; the prevalent species is
Pinus laricio with presence of Quercus cerris.
The natural succession process of pine
forest towards more complex structures has
been delayed by the past human activities
(Iovino and Menguzzato, 1996). The
Fosso Cecita forest area, undisturbed for
110 years, is located into Sila National
Park, Calabria region (Southern Italy),
managed by the National Forest Service
and it’s located at 1140-1200 m a.s.l. The
climate of the study area is characterized
by a mean annual temperature of 7.3 °C
and a mean annual rainfall of 1180 mm; it’s
South-SouthWest faced and characterized
by metamorphic and igneous rocks, with
acid, moderately deep soils (Arssa, 2003).
3) Monte Sacro – this area is a pure Fagus sylvatica high forest, not managed for more
than 60 years because of its hard to reach
location; EEA (2006) classifies it as an
Apennine-Corsican montane beech forest.
Monte Sacro, 1330-1550 m a.s.l., belongs
to Cilento and Vallo di Diano National
Park, in the municipality of Novi Velia (Salerno district), Campania region (Southern
Italy). The study site is south-west facing,
where Cretacic limestone, with greensands and clay deep soils, is prevalent (Ispra,
2008).
4) Val Cervara – this stand is an almost pure
Fagus sylvatica high forest, an Apennine-
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Figure 1 – Location of the study sites. Numbers refer to the area described in the Material and
Methods section.
– Localizzazione delle aree di studio. I numeri si riferiscono alle descrizioni delle aree riportate
nel capitolo Materiali e Metodi.

Corsican montane beech forest according
to EEA (2006). The forest is located in
an amphitheatre-shaped valley orientated
from east to west and the absence of
disturbance in the study area, located
in the upper part of Val Cervara Forest
(1730-1830 m a.s.l.), is due to its difficult
access; summer grazing in higher elevation
pastures may have been for centuries the
main human activity. This stand is located

within the Abruzzo, Lazio and Molise
National Park, L’Aquila district, Abruzzo
region (Southern Italy). The study site lays
on a bedrock of Cretaceous limestone and
soils can be referred to the brown group;
the mean annual temperature is 7.2 °C and
the mean annual rainfall is 1211 mm.
5) Abeti Soprani – the forest is an almost pure
Abies alba stand, somewhere with Fagus
sylvatica and Quercus cerris; other species
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(Acer pseudoplatanus, Acer campestre, Acer
obtusatum, Tilia platyphyllos and Taxus
baccata) may occur. EEA (2006) defines it
as a Mediterranean and Anatolian fir forest;
even if last disturbance is dated 30 years
ago, it can be considered as a relict stand
representative of the past Appennine fir
stands that survive only in small areas of the
Italian peninsula (Ciancio et al., 1985). The
Abeti Soprani forest (1250-1450 m a.s.l.)
is located near Pescopennataro (Isernia
district, Molise Region, Southern Italy).
The prevalent study area soils developed on
a bedrock dominated by miocenic-clay soils
and cretacic white limestone, on a north
facing slope; Rendzina soils are also present.
8.4 °C is the mean annual temperature and
1124 mm the mean annual rainfall.
6) Collemeluccio – this stand, located between
900 and 1000 m a.s.l., is dominated by
Abies alba mixed with Quercus cerris,
Fagus sylvatica, Carpinus betulus and
Ilex aquifolium; it is a Mediterranean and
Anatolian fir forest according to EEA forest
types (2006). The vegetation has recently
been referred to Aremonio agrimonioidisQuercetum cerridis subass. abietetosum
albae (Allegrezza and Biondi, 2008). As
the previous area this is a relict of the last
stand survived from the last glacial period.
The forest has been undisturbed since 1960
and it is situated in the Mab Unesco Reserve
of “Collemeluccio-Montedimezzo” (Isernia
district, Molise Region, Southern Italy).
The study area geology is characterized by
the presence of a single Miocene formation,
constituted by micaceous sandstones, shaly
clays and marly limestones; the mean
annual temperature is 9.2 °C and the mean
annual rainfall is 960 mm.
7) Montedimezzo – the forest is dominated
by Fagus sylvatica and the forest type
is Apennine-Corsican montane beech
forest (EEA, 2006). The beech forest is
characterized by a significant presence
of Quercus cerris at the lowest altitudes
and, somewhere, Acer pseudoplatanus,
Acer obtusatum, Taxus baccata and Tilia
platyphyllos can also be found. Even if
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Quercus cerris is quite important in the
censed area, the vegetation unit is the
Polistycho aculeati-Fagetum sylvaticae
aceretosum pseudoplatani (Carranza et
al., 2006). As Collemeluccio, this stand
belongs to the Mab Unesco Reserve of
“Collemeluccio-Montedimezzo” and the
last disturbance action is dated 1950. The
study area is located on a North facing
slope, on a Cretacic limestone, with
greensands and prevalent clay soils; the
mean annual temperature is 8.6 °C and the
mean annual rainfall is 1022 mm.
8) Monti Cimini – this forest (925-1150 m
a.s.l.) is dominated by Fagus sylvatica,
somewhere Acer pseudoplatanus, Acer
obtusatum, Castanea sativa, Sambucus
nigra can be found; the literature classifies
Monti Cimini forest as Polysticho-Fagetum
aceretosum pseudoplatani (Scoppola and
Caporali, 1998; Feoli and Lagonegro,
1982) and EEA (2006) defines it as an
Apennine-Corsican montane beech forest.
The human activities haven’t been practiced
since 1950. The Monti Cimini area is placed
on an isolated relief of volcanic origin
located in Central Italy (Viterbo district,
Lazio Region) and the soil is characterized
by a very fertile soil with a mull horizon.
The study site has a temperate oceanic
semicontinental bioclimate, the mean
annual temperature is 14.3 °C and the
mean annual rainfall is 1300 mm.
9) Fonte Novello – this area (1340 m a.s.l.) is
classified by EEA (2006) as an ApennineCorsican montane beech forest. The
vegetation of all the valley (Venacquaro
Valley, Gran Sasso - Laga National Park,
Abruzzo region, Central Italy) is dominated
by beech forests, mainly pure but somewhere
Acer obtusatum, Acer pseudoplatanus and
Sorbus aria can be found. Salix caprea in the
moister areas occurs, while on the unstable
and warmer slopes Ostrya carpinifolia and
Laburnum anagyroides are present. At
lower altitudes the secondary species can
be: Quercus cerris, Quercus petraea, Ulmus
montana and Acer platanoides. The study
area was left undisturbed for centuries
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because of ownership disagreement
between Pietracamela and Fano Adriano
municipalities. Regarding the geological
features, the area is dominated by 200300 millions-year-old rocks of carbonatic
genesis; soils are classified as Lithic
Rendolls, derived from alteration of the
calcareous rock. The study area, North
oriented, has a temperate continental
climate and 10.0 °C is the mean annual
temperature and the mean annual rainfall
consists of 1071 mm.
10) Sasso Fratino – as the previous, Sasso
Fratino forest is defined by EEA (2006)
as an Apennine-Corsican montane beech
forest; the beech is the dominant species in
the upper storey with an average dominant
height of about 40 m; small groups (1215 m tall) and single trees (2-5 m tall) of
Abies alba locally occur (Bianchi et al.,
2009). The study area (950-1050 m a.s.l.)
is located in Central Italy (Emilia-Romagna
Region) within Foreste Casentinesi, Monte
Falterona and Campigna National Park.
Sasso Fratino is a Strict Nature Reserve
established in 1959; the Reserve area is
764 ha and it is managed by the National
Forest Service. The study site has been
left to natural evolution for more than
seventy years. 9.0 °C is the mean annual
temperature and the mean annual rainfall
consists of 1041 mm.
2.2. Field methods
Fieldwork was carried out in 2009. In each
study site, living trees were assessed within one
plot by a standard field protocol. In seven sites,
a square plot of almost 1 ha was established. In
three sites, the size of the plot area was reduced
because of the very steep slopes (Monte Sacro
0.20 ha; Cozzo Ferriero 0.16 ha; Fosso Cecita
0.45 ha). The size of sampled plots is of
distinctive relevance (Corona et al., 2010). If too
small, plots cannot effectively provide an overall,
meaningful picture of the stand structure: they
might not truly reflect the proportions of the
following stages and thus might overrepresent
certain structural features. Small plots are prone
to sampling vagaries if probabilistic repeated
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sampling is not adopted, and even in this case
there is the risk to create artifacts, as shown by
Rubin et al. (2006). In each plot, the coordinates
of the corners were acquired by a GPS, then the
plot area was computed with a GIS.
The following attributes have been recorded
for each sampled living tree: position, obtained
by measuring horizontal distances and azimuth
from points acquired by GPS; species; diameter at breast height (DBH) (from a minimum
threshold of 3 cm); height.
The volume of each tree was computed using
double-entry volume equations (Castellani
et al., 1984). The volume and the basal area
of each tree were summed up at plot level in
order to obtain the total volume in cubic meter
per hectare and the basal area in square meter per hectare. Diameter distribution for each
site was represented adopting 5-cm diameter
classes.
Finally a representation of vertical structure
was elaborated. For each study site four vertical
layers (same width equal ¼ maximum height)
were defined and each plant was assigned to
the reached layer.
3. Results
3.1. Tree size and structural traits
The main results are reported in Table 1.
Number of trees per hectare ranged between
177 in “Sasso Fratino” stand and 675 in “Fosso
Cecita” site. The highest values are shown by
the conifer dominated stands (“Abeti Soprani”,
“Collemeluccio” and “Fosso Cecita”).
Dimensional traits, such as mean and
maximum DBH, number of large trees
and height of tallest plants, indicate a large
variability among the investigated forest stands.
Mean DBH ranged between 15.5 cm in “Fosso
Cecita” area and 56.2 cm in “Sasso Fratino”
site and exceeded 30 cm in 6 study areas. The
maximum DBH ranged between 80.0 cm in
“Abeti Soprani” area and 150.0 cm in “Fonte
Novello” site and exceeded 1 m in 4 study areas.
In order to quantify the number of large trees
two different DBH thresholds were considered:
50 cm and 70 cm. Large trees with DBH > 50 cm

97
20
40.6
150.0
60.40
40.8

Large trees DBH > 50 cm (N ha-1)

Large trees DBH > 70 cm (N ha-1)

Mean DBH (cm)

Maximum DBH (cm)

Basal area (m2 ha-1)

Maximum height (m)

54.1
25.6

% volume Large trees DBH > 50 (cm)

% volume Large trees DBH > 70 (cm)

1030.3
(230.9)

239

391

Number per ha

Volume total (m3)

1

1

Censed tree species

25.4

75.6

363.6
(230.9)

35.8

25.76

88.0

29.0

12

50

10

10

Val
Cervara

DBH minimum threshold (cm)

Fonte
Novello

49.9

63.1

469.3
(294.3)

36.3

30.50

92.6

18.0

19

31

548

1

3

Monte
Sacro

27.9

73.4

1383.3
(271.5)

32.5

97.36

97.1

36.2

31

141

460

1

3

Cozzo
Ferriero

73.7

95.5

1189.1
(210.9)

44.8

57.38

125.8

56.2

68

112

177

4

3

Sasso
Fratino

72.6

92.5

783.8
(247.3)

37.6

42.44

149.0

37.8

42

72

196

4

3

Monti
Cimini

11.7

38.0

569.8
(260.8)

32.4

56.17

80.0

30.8

14

66

589

8

10

10.8

42.9

557.9
(260.8)

35.0

46.42

83.0

27.4

10

58

573

10

10

Abeti
Collemeluccio
Soprani		

6.1

57.8

702.5
(264.4)

41.0

44.99

84.0

35.6

5

80

351

8

10

Monte
di Mezzo

35.9

60.9

583.9
(322.7)

34.9

53.29

127.3

15.5

11

29

675

6

3

Fosso
Cecita

Table 1 – Dimensional and structural features of studied sites. In brackets the average volume value for the dominant forest types in the administrative regions.
– Principali caratteristiche dendrometriche e strutturali dei popolamenti oggetto di indagine. Tra parentesi viene riportato il valore del volume medio riportato dall’Inventario Nazionale delle Foreste e dei Serbatoi Forestali di Carbonio (www.ifni.it) per le categorie forestali di boschi alti e le regioni amministrative di appartenenza delle aree
oggetto delle aree di studio.
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ranged between 29 ha-1 in “Fosso Cecita” stand
and 141 ha-1 in “Cozzo Ferriero” site and almost
everywhere are more than 50 ha-1. Large trees
with DBH > 70 cm exceed the number of 20
only in 3 study areas (“Sasso Fratino”, “Monti
Cimini” and “Cozzo Ferriero”) and the values
ranged between 5 ha-1 in “Monte di Mezzo”
stand and 68 ha-1 in “Sasso Fratino” site.
The census was carried out on trees of more
than 40 m in height in “Fonte Novello”, “Sasso
Fratino” and “Monte di Mezzo” study areas.
Everywhere maximum height is remarkable
(more than 30 m).
Basal area and total living trees volume
are dissimilar among the investigated sites.
Particularly, “Cozzo Ferriero” is the site with
the highest living tree volume (1383 m3ha-1) and
basal area (97,4 m2ha-1), while “Val Cervara” is
characterized by the lowest values (364 m3ha-1
and 25,8 m2ha-1 respectively). The volume

3.2. DBH distribution
Figures 2 and 3 show the diameter distribution
in each study site. In all study areas a wide
variation in tree diameter was observed. Bimodal
or rotated sigmoid curve like distributions were
observed in 6 areas: “Val Cervara”, “Monte
Sacro”, “Cozzo Ferriero”, “Sasso Fratino”,
“Monti Cimini” and “Monte di Mezzo”.
Reverse-J distributions were observed in
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exceeded 1000 m3 ha-1 in “Sasso Fratino”,
“Fonte Novello” and “Cozzo Ferriero” sites too.
Large trees account for a large portion of
total volume. Range of contribution for trees
DBH>50 is 38.0%-95.5% (“Abeti Soprani” and
“Sasso Fratino” respectively) with values more
than 60 % in 6 study areas. Range of contribution
for trees DBH>70 is 6.1%-73.7% (“Monte di
Mezzo” and “Sasso Fratino” respectively) with
values exceeding 25 % in 7 study areas.
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Figure 2 – Diameter distribution in pure beech studied stands (5 cm classes).
– Distribuzione dei diametri in classi di 5 cm nelle faggete pure oggetto dell’indagine.
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Figure 3 – Diameter distribution in mixed beech or other species studied stands (5 cm classes).
– Distribuzione diametrica in classi di 5 cm nei rimanenti popolamenti oggetto dell’indagine.

conifer dominated study sites “Abeti Soprani”
and “Fosso Cecita”. Lack of information
on plants DBH<10cm make uncertain the
distribution in “Collemeluccio” site. “Fonte
Novello” study area shows a typical even-aged
distribution.

3.3. Vertical structure
In each site, 4 strata were considered, on the
basis of the height of the tallest tree. The study
areas show many differences in stratification
(Figures 4 and 5). Cohorts of growing plants
growing to the highest stratum are present
in pure beech stands (“Val Cervara”, “Cozzo

g. calamini et al.
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Figure 4 – Vertical layers in pure beech studied sites; amount of plants reaching each layer.
– Struttura verticale delle faggete pure oggetto dell’indagine; consistenza, in numero di piante, degli strati.

Ferriero” and “Monte Sacro”) and in silver fir
dominated stands (“Abeti Soprani” and “Collemeluccio”). The largest amount of plants
in the lowest stratum was found in “Fosso
Cecita”. In “Sasso Fratino” stand most of the
plants are part of the upper stratum.
4. Discussion
Results indicate a large variability in
dimensional features but anywhere the attribute
“large tree for species and site” that distinguish
old growth from younger managed growth is
found.
It is possible to compare the collected data in
Fagus pure or Fagus dominated study stands with

those of European old Growth Forest stands in
Table 2. For both basal area and volume, almost
all the study areas present “old growth” values.
In all the study sites volume is many times
greater than the average volume estimated by
the National Forest Inventory (www.ifni.it) for
the corresponding forest type and administrative
region (in brackets in Table 1).
Summarizing the work of various authors,
a general model of forest succession can be
described as a four stages process: establishment,
thinning, transition, and shifting mosaic. The
first two stages dominate managed forest stands
(young even-aged stands). When succession
continues beyond the thinning phase, the original
overstorey begins to slowly break up, promoting
understorey development and recruitment
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Table 2 – Comparison of structural variables for pure and mixed Fagus stands in different European countries.
– Variabili strutturali in faggete, pure e miste, europee.
Country

Min DBH
N
cm 		

G
m2 ha-1

Volume
m3 ha-1

Pure Fagus Forests
Italy, Fonte Novello
10
Italy, Val Cervara
10
Italy, Cozzo Ferriero
3
Italy, Monte Sacro
3
Italy, Lateis
2.5
Italy, Trelli
2.5
Italy, Timau
7.5
Italy, Gracco
17.5
Italy, Cleulis
2.5
Italy, Val Cervara
2.5
Italy, Coppo del Principe
2.5
Italy, Fonte Regna
2.5
Italy, Monte Cimino
2.5
Italy, Valle Cervara
2.5
		
Poland
8
Poland
8
Slovakia, Stužica
7
Slovakia, Stužica
7
Slovakia
16

391
60
239
26
460
97
548
30
878
40
741
29
568
40
336
34
430
35
1590
41
296
44
317
42
197
48
1590
41
(272-3857) (31-53)
160-288
33-32
158-288
33-35
		
		
112-272		

1030
This study
364
This study
1383
This study
469
This study
533
Piovesan et al., 2010
319	Piovesan et al., 2010
647	Piovesan et al., 2010
302	Piovesan et al., 2010
394	Piovesan et al., 2010
497
Piovesan et al., 2010
715
Piovesan et al., 2010
540
Piovesan et al., 2010
707	Piovesan et al., 2010
497
Piovesan et al., 2005
(381-654)
611-632
Jaworski et al., 2002
600-610
Jaworski et al., 2002
549-709
Saniga and Schütz, 2002
481-677
Saniga and Schütz, 2002
490-778
Korpel, 1989

Mixed Fagus Forests
Italy, Abeti Soprani
Italy Monte di mezzo
Italy, Cimini
Italy, Sasso Fratino
Sweden
Slovakia
Spain
Poland
Poland
Poland
Poland
Slovakia, Sitno
Slovakia, Sitno
Slovakia, Hrončokowskŷ grǔń
Slovakia, Hrončokowskŷ grǔń
Slovakia, Badin
Slovakia, Badin
Slovakia, Dobroč
Slovakia, Dobroč
Slovenia
Slovakia

10
589
56
570
This study
10
351
45
702
This study
3
196
42
784
This study
3
177
57
1189
This study
10
402-445
37-40		Nilsson et al., 2003
10
173
37		Nilsson et al., 2003
2
1081-1169
32		
Rozas, 2003
8
183
32
547
Jaworski et al., 2002
8
189
33
578
Jaworski et al., 2002
8
145-324
34-44
442-691
Jaworski and Paluck., 2002
8
140-346
35-44
464-693
Jaworski and Paluck., 2002
7			
530-661
Saniga and Schütz, 2002
7			
346-617
Saniga and Schütz, 2002
7			
839-1102
Saniga and Schütz, 2002
7			
702-1115
Saniga and Schütz, 2002
7			
648-968
Saniga and Schütz, 2002
7			
502-736
Saniga and Schütz, 2002
7			
565-1075
Saniga and Schütz, 2002
7			
600-853
Saniga and Schütz, 2002
10
265		
799
Boncina, 2000
16
179-594
37-56
251-1046
Korpel, 1989
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of new cohorts to the overstorey. Lynds and
Leduc (1995) define this stage as Immature Old
Growth. The transition period progresses into
the shifting mosaic phase, in which stands persist
in a dynamic uneven-aged condition dominated
by gap formation and recruitment from a
developed multi-layered understorey; the shifting
mosaic state is generally regarded as a true oldgrowth condition (Oliver and Larson 1996).
In many study areas the Immature Old
Growth stage is recognizable; vertical structure
shows the occurrence of abundant regeneration
layer within canopy gaps in “Fonte Novello”
and “Monti Cimini” sites. In some stands, more
patches of the same forest should be analyzed
in order to evidence shifting mosaic state: e.g.
in “Sasso Fratino” study area were not found
those gap dynamics described in the forest
by Bianchi et al. (2009). Also “Val Cervara”
site characteristics differ from those reported
for the same forest in previous scientific paper
(Piovesan et al., 2005; Piovesan et al., 2010)
Since the forest type varied only slightly
among the study areas, with the exception of
three sites (“Abeti Soprani”, “Collemeluccio”
and “Fosso Cecita”), the following stages of
each stand, species composition, the forest
history and exogenic disturbances can be
considered as the main factors explaining the
very different structural features observed.
The main question of this study was to
ascertain if easy to measure dimensional and
structural features can be used as indicators
of naturalness in Apennines forest areas, with
special focus on woodland that could evolve
to old growth traits in the following decades.
Many results of the present project can help to
answer. Other investigated aspects can confirm
the old growthness of the study areas.
The volume of deadwood generally occurring
in Italian forests (mainly managed forest) is
markedly lower (Infc, 2009; Pignatti et al.,
2009) than values observed in the considered
study areas (Lombardi et al., 2010). This
aspect suggests how all the investigated forests
are nowadays characterized by high levels of
naturalness (Hansen et al., 1991).
“Fonte Novello” area was compared by
Sabatini et al. (2010) with beech forest of
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Tassete - Grotta delle Fosse (a high forest
located on the eastern slope of Monte Cima
Alta, at the head of Rio San Giacomo valley).
This area was chosen for its similarity and
closeness (5.6 km) to Fonte Novello stand.
Species richness at stand level was higher in the
old-growth stand than in the managed one (78
vs 67 species). The high vertical and horizontal
structural heterogeneity of the studied oldgrowth stand modulates the ecological factors
the species of the understorey have to face.
As the environmental heterogeneity increases,
species with different ecological requirements
are able to coexist in a finegrained mosaic of
microhabitat, in accordance with the niche
diversification hypothesis (Connnell, 1978).
Some other indications on old growthness
come from genetic analysis too. Old-growth
forests are considered important pools for
species conservation not only because they
provide special habitats for an array of forest
dependent wildlife but also because they can
represent a reservoir of reproductive fitness as
superior seed sources and gene pools (Rajora,
2003). Vettori et al. (2010) made a comparison
with a managed mature beech stand close to the
study site. Differences between the potential
old growth stand and managed one are very
evident in terms of diameter distribution and
basal area; furthermore genetic diversity is
significantly lower in the managed beech stand.
Regarding “Monte Sacro” e “Cozzo Ferriero”
sites, the results show a great difference in
structural characters. A detailed analysis on
structural features (Iovino et al., 2010) and
deadwood occurrence (Lombardi et al., 2010)
confirm that the study areas show the typical
mature phases in forest dynamics. For this
reason the 2 areas could be considered as OldGrowth in terms of age, structure and biomass.
“Collemeluccio” and “Abeti Soprani”
support a very interesting lichen flora (Ravera
et al., 2010).
In the “Fosso Cecita” site a complex vertical
structure was pointed out by the Latham Index
(Latham et al., 1998) analysis. In close forests
a similar structure of small group uneven-aged
pine forests is instead the consequence of
small group selection felling, i.e. elimination
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of groups of 2 or 3 big trees, together with
limited intervention on nearby dense groups.
Results confirm how small group uneven aged
Calabrian pine forests show a kind of structure
that, while linked to anthropic activity,
resembles that of Calabrian pine old growth
forests. (Ciancio et al., 2010)
Finally, vertical structure can also provide
some information on trend in species
composition based on differences in the
proportion between living and dead wood
volumes of different species. In “Abeti
Soprani”, the percentage of silver fir dead
wood is higher than its living volume, while
hardwoods (in this case, beech) are almost
absent as dead wood; on the contrary, what
observed in “Collemeluccio” is opposite.
This aspect reveals that probably the “Abeti
Soprani” stands are evolving towards a
mixed forest (of silver fir and beech) while
“Collemeluccio” stands are evolving towards
a pure silver fir forest (Lombardi et al., 2010).
5. Concluding remarks
Considering that indicators of old-growth
features can vary across the European ecoregions, this paper provides early feedback
to identify some easy to measure traits of Old
Growth Forests in the Mediterranean EcoRegion. Distinctively, three attributes appear
to be directly effective for characterizing oldgrowthness of forest stands in Mediterranean
environments (Barbati et al., 2011): number
of tree distribution vs. stem diameter at breast
height (DBH); deadwood; species richness.
Other attributes like the amount of standing
basal area or wood volume appear to be more
controversial, since there are true old-growth
forest stands with lower standing wood volume
(or basal area or wood biomass) than managed
stands under comparable environmental and
compositional conditions. Even the number
of large trees is not in itself a proof of oldgrowthness since their presence is very much
related to the past management of the stand: a
typical example is the clearcut with retention
of some trees applied in Southern Italy that
have originated stands, still managed or not,
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characterized by the presence of many large
trees.
Typical rotated sigmoid DBH distribution
(i.e. diameter distributions characterized by
steep decreases in tree density in the smallest
and largest diameter classes and a plateau in
the middle diameter classes that becomes more
pronounced when displayed on semilogarithmic
axes, see Janowiak et al., 2008) has been
observed only in the oldest beech stands on the
Apennines, like Val Cervara and Monti Cimini
in this study. In the same study sites Lombardi
et al. (2010) highlighted that, under the
investigated conditions, three main deadwood
features have proven to characterize oldgrowthness of forest stands: a ratio of dead to
living wood higher than 10%; lying deadwood
much more abundant than the standing one;
large range of deadwood size and decay classes
across all the deadwood components, which can
guarantee availability of microhabitats in time
and space for the saproxylic fauna, fostering the
stand naturalness.
The structure-based approach provides a
snapshot inventory of structural attributes
commonly associated with old-growth forests.
This approach allows us to identify forests to
be protected and studied during their evolution
to old growth. Identification, characterization
and monitoring in time of forest areas where
direct human disturb has been very low or
has stopped for a long period of time is the
basis for planning preservation of such areas
(Nocentini, 2010).
Further research is necessary to combine
forest structural features with those data
obtained in other scientific disciplines (e.g.
lichenology, zoology) in order to have complete
and clear understanding to come to a definition
of an Old Growth Mediterranean forest.
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RIASSUNTO
Caratteri strutturali di potenziali foreste vetuste
appenniniche: risultati preliminari
Lo scopo del lavoro è quello di fornire risultati preliminari su alcune caratteristiche strutturali di boschi appenninici che per la loro complessità strutturale potrebbero
essere considerati come esempi di foreste vetuste o potenzialmente tali nella Eco-Regione Mediterranea. Ad oggi
per questa Regione i dati di riferimento disponibili sono relativamente scarsi e la definizione di parametri indicatori di
vetustà è complicata dalla forte e prolungata, fin da tempi
remoti, azione di disturbo da parte dell’uomo. Il presente
studio ha preso in considerazione 10 foreste appenniniche,
da tempo sottoposte a vincoli di protezione, nelle quali si
osservano significative differenze rispetto a popolamenti
attivamente gestiti dal punto di vista selvicolturale. In ogni
foresta è stata costituita un’area di studio permanente di
dimensioni variabili fra 0,16 e 1 ha e si è proceduto al
censimento della componente arborea viva e al rilievo dei
parametri dendrometrici secondo un protocollo unico. Le
caratteristiche dimensionali e strutturali hanno mostrato
un’ampia variabilità fra le aree considerate.
I parametri analizzati sono stati confrontati con quelli
riportati in letteratura per popolamenti forestali europei
mettendo in evidenza come nelle aree esaminate il grado di
complessità strutturale raggiunto sia rilevante. In ogni caso
va sempre considerato che le caratteristiche strutturali e i
parametri utilizzati per l’individuazione di boschi vetusti
devono essere riferiti al particolare contesto climatico e
biogeografico. I popolamenti oggetto di indagine possono
essere considerati potenzialmente vetusti. La costituzione
delle aree di studio permanenti permetterà di studiare nel
corso degli anni i processi dinamici che portano, in ambiente appenninico, ad una Foresta Mediterranea Vetusta.
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