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Mediterranean: A case study from Sicily based on
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Old growth forests are increasingly considered and studied all around the world. However, the knowledge of such important forest systems is still limited in some bioclimatic
regions, such as in the Mediterranean Basin. Starting from the knowledge acquired elsewhere, our research was carried out with the aim to select the most effective criteria to
identify potential old-growth forests in Mediterranean ecosystems (Sicily, Italy). Four key
proxy indicators were considered: deadwood amount, tree size, structural traits, and tree
species richness. A preliminary classiﬁcation of the local forest stands level in three
classes of old-growthness (high, medium and low) has also been proposed. The main
threats to woods conservation, as well as their biological value were considered.
Twenty-one forest stands have been detected and characterized; among them, seven forest stands were close to old growth conditions. Although the selected forest stands are
located in protected areas, browsing due to farming and feral ungulates represent a
widespread threat. The information provided for each forest stand may represent a
starting point for further and in-depth investigations in similar Mediterranean forest
ecosystems.
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1

Introduction

Since historical times, most of the forests at a global
level have been exploited and deeply altered by man for
the primary goal of obtaining timber and non-timber
goods (Parviainen 2005; Garbarino et al. 2015). This is
a quite general pattern; however, it has been more pronounced where human pressure has been historically
higher, like in Europe and in the Mediterranean Basin
(Torras et al. 2012; La Mela Veca et al. 2016). Productive forests have been managed for centuries according
to traditional silvicultural practices, aimed at maximizing
proﬁts from timber production. The long-lasting work of
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selection in favor of the most proﬁtable tree species, the
elimination of shrubs and secondary tree species, as
well as the systematic removal of deadwood led to deep
changes in the original features of forest ecosystems
(Spies et al. 2006), particularly in the Mediterranean
basin (Bengtsson et al. 2000; Barbati et al. 2012). A prolonged human impact caused a pronounced simpliﬁcation of the forest structure, a considerable change in the
ﬂoristic richness, the alteration of tree species abundance and distribution, and a severe impact on biodiversity at any level (Burrascano et al. 2009; Martin-Queller
et al. 2013). Accordingly, in Europe very few remnants
of primary forests still exist, chieﬂy conﬁned to small and
restricted mountain areas, within natural parks or strict
reserves (Parviainen 2005). It is estimated that the area
covered by such forests accounts for only 4% of the
total European forest area, excluding the Russian
25
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Federation (Forest Europe 2015). After a historically long
period of signiﬁcant decrease in the extension (Paillet
et al. 2010), the European forest cover has gradually and
steadily increased over the last decades (Young et al.
2005). This was mainly due to the widespread process of
abandonment of traditional agro-pastoral practices,
resulting in an encroachment by woody species, and the
concurrent increase in protection measures speciﬁcally
targeted to forest ecosystems (Lasanta-Martınez et al.
2005; Torras et al. 2012). However, such pattern did not
lead to a parallel development of mature, complex, resilient and biologically rich forest stands (Sferlazza et al.
2017). Nevertheless, some isolated forest stands, left
unmanaged for a long time and/or no more subject to relevant forms of human disturbance, tended to recover
structural and functional features resembling those of the
primary forests; such stands may be termed, under certain conditions, old-growth (Hilbert & Wiensczyk 2007;
Chirici & Nocentini 2010). In the last decades, research
efforts have been increasingly dedicated to the deﬁnition,
detection and characterization of old-growth forests
(OGFs) in Europe and elsewhere (Keenan & Ryan
2004), due to their widely recognized role in the conservation of biological diversity, the storage of atmospheric
carbon and the preservation of natural landscapes
(Luyssaert et al. 2008). Despite including a wide range of
ecological and/or management conditions, OGFs may
share some common features: the occurrence of largesize and old trees, the coexistence of different woody
species of various size and age, both in the tree layers
and in the understory, the occurrence of deadwood with
a differentiation in terms of amount, type and decay
class, as well as a certain degree of structural heterogeneity and peculiar biological diversity (Spies 2004).
Structural attributes, relatively easy to assess, may provide useful information on the development stage of the
forest stand, as well as on its suitability to host speciﬁc
taxonomic groups which are strictly dependent on the
tree size and distribution patterns of woody vegetation
(La Mantia et al. 2014; Friedel et al. 2006). The most frequently considered structural parameters are those
related to large living trees exceeding a speciﬁc DBH
threshold, their contribution to total live biomass, quadratic mean diameter and deadwood characteristics (Nilsson
et al. 2002; Burrascano et al. 2013). Deadwood plays a
key role for the stability, functionality and biodiversity of
natural forest systems. Hence, its investigation in terms
of total amount, type (standing or lying) and decay class
(Lombardi et al. 2010) is widely regarded as essential to
identify potential OGFs (Christensen & Emborg 1996;
€ller et al. 2007; Seﬁdi & Etemad 2015). Deadwood
Mu
provides information about the past management, the
time elapsed since last human disturbance, and the
amount of potentially available microhabitats for wildlife.
Living organisms with limited dispersal ability, which
26
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need sufﬁcient ecological continuity, i.e. long time under
steady ecological conditions and low disturbance, may
be used as reliable proxy bioindicators of old growth forn & Appelqvist 2001; Blasi et al.
est systems (Norde
2010). In Italy, although the intensive exploitation of forest resources dates back at least to Roman times (Chirici
& Nocentini 2010), it is estimated that old growth forests
cover about 160.000 ha. They account for 1.6% of the
national forest cover (Marchetti et al. 2010), and are
mainly localized in less accessible contexts and steep
slopes and/or in areas subject to a special protection
regime (Motta 2002; Barbati et al. 2012). The relative
contribution of old growth stands to total forest cover
may range from about 0.3% in the Southern countries of
USA (Davis 1996) to more than 3% in Australia (Keenan
& Ryan 2004). Despite the increasing body of knowledge
in temperate ecosystems worldwide, including Europe
and Italy, still limited information is available for many
Mediterranean forest ecosystems, such as those dominated by Quercus ilex L. and Quercus pubescens Willd.
s.l. (Richard et al. 2004; Badalamenti et al. 2017). Filling
this gap of knowledge is the ﬁrst mandatory step if we
are to plan and adopt concrete actions for the protection
and long-term conservation of these valuable and biologically-rich natural ecosystems (Barbati et al. 2012). Our
research is focused in Sicily (Mediterranean Basin),
where the knowledge about old growth forests is still at a
very preliminary stage. Only recently a dedicated ﬁeld
survey has detected a downy oak stand showing typical
old growth traits (Badalamenti et al. 2017). Sicilian forest
stands are in most cases young and with a simpliﬁed
structure, far from late developmental forest phases
(Maetzke et al. 2009; Hofmann et al. 2011). During preliminary investigations carried out within the most
updated Regional Forest Inventory (Camerano et al.
2011), 18 forest stands considered to hold old-growth
traits have been identiﬁed. They entirely fall within the
regional Natura 2000 network of protected sites (Amato
& Traina 2011). However, parameters as reported were
not stand speciﬁc. These data need to be summarized
into stand speciﬁc parameters so that old growth characteristics can be better evaluated for each stand. Such
information may be of prominent importance for forest
management, because it would allow a differentiation of
the necessary actions according to the speciﬁc conditions of the stand. The main purpose of this study is to
identify the most suitable criteria to identify forest stands
showing old-growth traits in the Mediterranean, according
to the most common features associated to such peculiar
forest stands at a national and international level (e.g.
Hilbert & Wiensczyk 2007). Moreover, to the old-growthness of the selected Sicilian forest stands has been
given one out of three possible scores: high, medium
and low. For each score, different management options
are provided in order to foster the stand development
© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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towards more structurally-complex and biologically-rich
ecosystems, tending to old-growth conditions.

2

Materials and methods

Stands Selection
The forest stands that were suspected to hold some oldgrowth traits were identiﬁed according to peer opinion,
considering the knowledge acquired during about twenty
years of ﬁeld investigation, and by consulting the most relevant literature concerning Sicilian tree species and forest
vegetation (see La Mantia & Pasta 2005; Amato & Traina
2011, Guarino & Pasta, 2017, and references therein).

Key indicators
On the basis of the international and national literature,
four key proxy indicators of old-growth status were considered: deadwood, tree size, structural characteristics
and tree species richness. Similar parameters have
been considered in USA (Ducey et al. 2013) and Australia (Keenan & Ryan 2004) for identifying old growth
forests. According to the compliance with the selected
parameters, a preliminary classiﬁcation in three old
growth classes has been proposed, distinguishing forest
stands next to old-growth conditions (high), potentially
old-growth stands (medium) and stands that are still far
from old-growth status (low).

Deadwood
Deadwood includes all the non-living woody biomass
occurring in a forest, including standing dead trees,
snags, stumps, coarse woody debris and ﬁne lying elements (Forest Europe 2015). Due to the lack of quantitative data for most of the Sicilian forest stands, we
estimated the occurrence of deadwood using an ordinal
scale and on the basis of personal ﬁeld observations.
Such scale ranges from 0 (negligible occurrence) to 2,
when abundant amount of deadwood, varying in terms
of size, type and decay class has been observed.

Tree size
As long as forest management and disturbance cease, a
corresponding increase of tree size is expected to occur.
As a consequence, a sufﬁcient number of large size
trees is recognized as one of the most reliable proxy
indicators of old-growth conditions. We considered as
large those trees with DBH reaching 50 cm, the recommended threshold diameter for temperate and Mediterranean OGFs (Torras et al. 2012; Burrascano et al.
2013; Ducey et al. 2013).
© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Structural characteristics
For what concerns forest structure we considered the
four main characteristics providing a diversiﬁcation of the
forest stand:

➢
➢
➢
➢

the vertical and horizontal stratiﬁcation of the
woody layers;
the occurrence of a shrub layer;
the age and size unevenness of trees (Lindenmayer et al. 2000);
the occurrence of gaps or of areas with reduced
woody cover (Kern et al. 2014).

Tree species richness
Tree species richness has to be considered, since regularly managed stands are usually even-aged and characterized by only one dominant tree species (Hansen et al.
1991; Bengtsson et al. 2000). Although the co-occurrence
of several tree species is not a feature common to all the
old-growth stands, for instance, many tree species are
found in the dominant layer and in the understory of old
growth forests in USA (Beane et al. 2010) and Australia
(Keddy & Drummond 1996). Within the Mediterranean
basin, natural woodlands have been deeply altered, and
the occurrence of a mono-speciﬁc tree layer (for instance
Fagus sylvatica or Quercus ilex pure forest stands) is largely the consequence of the intense and long-lasting
human management addressed to favor the most
proﬁtable tree species and to eliminate the other ones,
including secondary tree species (Torras & Saura 2008;
Martın-Queller et al. 2013). In the absence of forest management, natural disturbance factors are likely to create
suitable conditions (e.g. small gaps) for the establishment
of light-demanding woody (tree and shrub) species, thus
diversifying both biologically and structurally the forest
stand. Hence, the occurrence of more than one tree species may result from decades or even century-long dynamics of the forest stand under the prevailing inﬂuence of
natural rather than anthropic factors. Also, as OGFs do not
necessarily show a higher species-richness with respect to
young forests, woody plant richness alone is not diagnostic
of old-growth traits. We considered as sufﬁcient the occurrence of at least 3 tree species, each estimated to represent at least 10% of the total tree individuals. Considering
the peculiarity of Sicilian forest stands, we think that the
use of such minimum threshold is acceptable.

Biological value
In order to get an in-depth characterization of the
selected stands, their role for the conservation of native
forest biodiversity was considered, particularly as concerns endangered and/or threatened species or species
27
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with a particular biogeographical value, such as plant
and bird species (e.g. La Mantia et al. 2014). To assess
this, the management plans of the Sites of Community
Importance (SCI’s) hosting such forest stands (available
at: http://www.artasicilia.eu/old_site/web/pdg_definitivi/in
dex.html), the Habitat Directive 92/43/EEC, the National
Red Lists (for plant species: Conti et al. 1997) and International Conventions were primarily consulted. The
occurrence of plant taxa within selected forest stands
was assessed through peer opinion and consulting the
most updated inventories of the Sicilian endangered
plants (Raimondo et al. 2011), as well as the most
recent regional vascular plant checklist (Giardina et al.
2007). As far as birds and other vertebrates are concerned, we considered the most recent inventory on vertebrata fauna in Sicily (Aa. Vv. 2008) as well as some
recent researches on this issue (Bonaviri 2012; La
Mantia et al. 2014).

Risk assessment
We also assessed which are at present the main threats
for the conservation of each forest stand. Anthropogenic
disturbances of various kinds (illegal logging, resin
extraction, fruit harvesting, tourism pressure, etc.), forest
utilization, grazing and/or the presence of feral ungulates
and wildﬁres are considered by far the most relevant
factors affecting Sicilian forest stands.

3

Results and discussion

Our research allowed us to identify 21 Sicilian forest
stands displaying at least one old growth trait (Table 1).
Such stands may be clearly distinguished from younger
and simpliﬁed stands (Unep/Cbd/Sbstta 2001). Selected
woods were equally divided among high, medium and
low old growth class, each being represented by 7 forest
stands. However, as a consequence of the deep and
widespread human impact on regional forest resources,
no forest stand can be actually considered as a real oldgrowth. Such a result was somehow expected since in
the Mediterranean, and in Sicily as well, primary forests
are no longer present, and old-growth forests are extremely rare (Richard et al. 2004). In the coastal and hilly
areas of the Mediterranean basin, woodlands have been
more extensively and for longer time exploited as compared to inner mountainous areas (Paletto et al. 2014;
Paillet et al. 2015). Accordingly, they had less chance to
develop mature and complex forest structures. This is
conﬁrmed by our research, as only two cork oak stands
fall within the thermomediterranean bioclimatic belt. In
mountain areas, the decade-long abandonment played
an important role in fostering the development of structures and processes typical of late successional forests
28
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and triggered the natural dynamics of tree regeneration
(Fabbio et al. 2003; Lasanta-Martınez et al. 2005).
Among forest types, some variability was found, as nine
dominant tree species were found in the selected forest
stands. Downy oak (Quercus pubescens including
Quercus congesta C. Presl.) stands were the most common (6 woods), followed by beech (5 woods), cork oak
(3 woods), and holm oak (3 woods). Ilex aquifolium L.,
Quercus petraea subsp. austrotyrrhenica Brullo, Guarino
and Siracusa, Pinus nigra subsp. calabrica (Loud.) A.E.
Murray and Quercus cerris L. were each represented by
only one forest stand. All selected forest stands fall
within the Sicilian network of protected areas, including
Natura 2000 sites (Sites of Community Importance and
Special Protection Areas), Regional Parks and Regional
Nature Reserves. It is not surprising as the crucial role
played by regional protected areas for the conservation
of woody species of particular biogeographical and conservation value is widely acknowledged (La Mantia et al.
2004). However, the protection regime applied in Sicily
was limited, in fact, to the interruption of logging and the
reduction of the overall human impact as compared to
the past. Indeed, grazing and feral ungulates are still
widespread, being present in about 70% of the selected
stands. They represent by far the most serious bias for
the natural dynamics and the conservation of Sicilian
woods. This is not surprising as overgrazing is widely
considered to be one of the main biases for the development of woodlands in the Mediterranean Basin
(Bengtsson et al. 2000; Bagnato et al. 2012). In coastal
and hilly areas, even wildﬁres continue to seriously
threaten the stability of forests and the conservation of
the associated biological communities. For example, in
the Gibilmanna wood, frequent wildﬁres have encouraged the spread of generalist species such as rats and
reduced the presence of species typical of mature forests such as the edible dormouse (Glis glis L.) and the
 &
hazel dormouse (Muscardinus avellanarius L.) (Sara
Milazzo 2007). As concerns old-growth traits, almost all
the forest stands were found to have a sufﬁcient number
of large trees (Table 2). This result represents a positive
sign of the absence of signiﬁcant human impact since
long time. The reduction of the average tree size is one
of the most common consequences of long-lasting forest
management (Burrascano et al. 2013; Motta et al. 2015;
Tıscar & Lucas-Borja 2016). Conversely, no longer managed forest stands generally display higher values of
basal area (Motta et al. 2015; Paillet et al. 2015), live
biomass (Burrascano et al. 2013; Motta et al. 2015) and
density of large trees (Torras & Saura 2008; Burrascano
et al. 2013; Motta et al. 2015; Paillet et al. 2015; Tıscar
& Lucas-Borja 2016) than regularly managed forests.
Deadwood occurrence was sufﬁcient in about half of the
woods; it was abundant only in four woods and almost
absent in six woods. Hence, the amount of deadwood is
© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Bosco
comunale di
Monticelli*
Bosco di
Orippotto*
Bosco di
Gibilmanna*

Bosco
di Calatamauro*

Bosco di Gurgo

Bosco di Rifesi

Bosco del Fanuso*

Monte Carcaci*

Agrifogli
di Piano Pomo*
Bosco di Pomieri*

2

5

6

7

8

9

10

12

11

4

Faggeta di
Cozzo Luminario*

Bosco
Granza*

1

3

Common
name

Id number

Cozzo Luminario

Contrada Pomieri

Piano Pomo

Monte Carcaci

Contrada Fanuso

Contrada Rifesi

Santa Maria del Bosco

Santa Maria del Bosco

Contrada
Montaspro
Contrada
Pianetti

Contrada
Bosco

Bosco
Granza

Locality

Castelbuono (PA)

Petralia
Sottana (PA)
Petralia
Sottana (PA)

Castronovo
di Sicilia (PA)

Contessa
Entellina (PA)
Palazzo
Adriano (PA)
Godrano (PA)

Contessa
Entellina (PA)

Gratteri (PA)

Isnello (PA)

Castelbuono (PA)

Sclafani
Bagni (PA)

Municipality
(Province)

Sessile oak (Quercus
petraea subsp.
austrotyrrhenica) wood
Mesophilous basiphilous beech
(Fagus sylvatica) wood

Holly (Ilex aquifolium) stands

Mesoxerophilous downy
oak (Quercus pubescens) wood

Mesoxerophilous holm
oak wood (Quercus ilex)
Xerophilous downy
oak (Quercus pubescens)
wood growing on siliceous
substrata
Mesomediterranean
xerophilous holm
oak wood (Quercus ilex)
Mesoxerophilous downy
oak wood (Quercus pubescens)
Mesoxerophilous downy
oak wood (Quercus pubescens)
Mesoxerophilous downy
oak (Quercus pubescens) wood

Mesoxerophilous holm
oak wood (Quercus ilex)

Inner cork oak
wood (Quercus suber)

Forest type
(dominant tree species)

Slh

Slh

Slh

Sus

Mus

Mus

Mus

Mus

Mls

Mlh

Mlh

Mud

Bioclimatic
belta

X

X

X

X

X

X

X

X

X

X

SPA

ITA020004 and
ITA020016

ITA020004

ITA020034

ITA020007

ITA020025

ITA020035

ITA020002

ITA020017

ITA020016

ITA020032

SCIb

“Madonie”
RP

“Monti
Sicani” RP

“Bosco
della Ficuzza,
Rocca
Busambra,
Bosco del
Cappelliere
e Gorgo del
Drago” RNR

“Monti
Sicani” RP

“Madonie”
RP

“Bosco
della Favara e
Bosco
Granza”
RNR

RNR or RP

Table 1. Overview and main characteristics of the old-growth forests candidate in Sicily. Data for common names followed by an asterisk are from HOFMANN
et al. (2011, modiﬁed). Protected areas: SPA = Special Protection Area, SCI: Sites of Community Importance, RNR = Regional Nature Reserve, RP = Regional
Park
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30

Bosco di
Santo Pietro*

Querceto
di Monte Arso*

Pineta di Ragabo*

Faggeta
di Monte Colla*

Cerreta
di Sant’Antonio*

Bosco
della Tassita*

Faggeta
di Mangalaviti

Bosco
di Malabotta*

Sughereta
di Niscemi*

13

14

15

16

17

18

19

20

21

Contrada Pisciotto

Contrada Faggita

Contrada
Mangalaviti

Monte Pomiere

Contrada S.
Antonio

Monte Colla

Piano Pernicana

Monte Arso

Contrada Molara

Locality

Niscemi (CL)

Montalbano
Elicona (ME)

Longi (ME)

Caronia (ME)

Capizzi (ME)

Randazzo (CT)

Linguaglossa (CT)

Bronte (CT)

Caltagirone (CT)

Municipality
(Province)

Xerophilous downy
oak (Quercus congesta)
wood growing on
siliceous substrata
Pine (Pinus nigra subsp.
calabrica) wood
Mesophilous beech
(Fagus sylvatica)
wood growing
on siliceous substrata
Turkey oak
(Quercus cerris)
wood
Mesophilous beech
(Fagus sylvatica)
wood growing on
siliceous substrata
Mesophilous beech
wood growing
on siliceous substrata
(Fagus sylvatica)
Mesophilous beech
wood growing
on siliceous substrata
(Fagus sylvatica)
Thermomediterranean
coastal
cork oak wood
(Quercus suber)

Thermomediterranean
coastal cork
oak (Quercus suber) wood

Forest type
(dominant tree species)

ITA050007

Tld

ITA030038

ITA030014

ITA030035

ITA070013

ITA070017

ITA070005

SCIb

ITA030005

X

X

X

SPA

Mus

Slh

Mlh

Sus

Sus

Slh

Sus

Tld

Bioclimatic
belta

“Sughereta
di Niscemi”
RNR

“Bosco di
Malabotta”
RNR

“Nebrodi”
RP

“Etna” RP

“Bosco di
S. Pietro”
RNR
(currently
inactive)

RNR or RP

a

According to RIVAS-MARTINEZ (2004); T = Thermomediterranean; M = Mesomediterranean; S = Supramediterranean; u = upper; l = lower; d = dry; h = humid; s =
subhumid;
b
The extended name of the SCI’s may be found at http://www.artasicilia.eu/old_site/web/pdg_definitivi/index.html

Common
name

Id number

Table 1. Continued
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X
X
X

2

1
0
1

1
1

Bosco del Fanuso (8)

Monte Carcaci (9)
Agrifogli di Piano Pomo (10)
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Bosco di Pomieri (11)

Faggeta di Cozzo
Luminario (12)
Bosco di Santo Pietro (13)

Querceto di Monte Arso (14) 0

X

X

X

X
X
X

X

X

X

X

X

X

X

X

X

L, P

P

P
L, P

P

P

L; P

P
P

W

G

A, G

G
A, G

G

F, G
G
G, W

G
G, W

L

M

L

H

M
L

H

H
L
M

H
M

De Marco &
Furnari 1976

 et al. 1985;
Marceno
Venturella et al. 1991
Gianguzzi & La Mantia
2004; La Mantia et al.
2010; Falci et al. 2012;
Rapuzzi & Sparacio 2012;
Badalamenti et al. 2017
Gianguzzi et al. 2007
Di Martino 1974; Padula
& Raimondo 1979
Schicchi et al. 2000;
Bagnato et al. 2012;
Compagno et al. 2014;
Venturella et al. 2014

&
Milazzo 2006; Sara
Milazzo 2007

Cascio 2013
Schicchi & Raimondo
1999

1
1
1

X
X

H
L

Bosco di Calatamauro (5)
Bosco di Gurgo (6)
Bosco di Rifesi (7)

X
X

A
G

X
X

P
P

2
0

X
X

X
X

1
0

Bosco Granza (1)
Bosco comunale
di Monticelli (2)
Bosco di Orippotto (3)
Bosco di Gibilmanna (4)

X

Deadwood Large-size Structural
Tree species Relevant Main threats
Old-growthness References
trees
characteristics richness
aspects to conservation class

Common name

Table 2. Old-growth traits and selected woods. Deadwood amount - 0: negligible occurrence; 1: low quantity; 2: considerable quantity and occurrence of
different decay classes. Relevant aspects - B: biodiversity conservation; L: landscape and/or cultural value; P: phytogeographical and/or ﬂoristic value
(including bryophytes, lichens, ferns and fungi); Main threats to conservation - A: anthropogenic pressure of different kinds (e.g. illegal logging, resin
extraction, harvesting of fruits, tourism pressure, etc.); F: forest utilization; G: grazing and/or feral ungulates; W: wildﬁres. Old-growthness class – H: high; M:
medium; L: low.
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31

32
1

Sughereta di Niscemi (21)

X

X
X
X
X

X

X
X

L; P

P
P

L, P

F, W

G
G

G
G

M

M
H

M
L
H

Ilardi et al. 2000;
Mazzola & Domina 2006
Gianguzzi et al. 2004
Ronsisvalle & Signorello
1977; Pasta et al. 2010
Costanzo et al. 1998;
€hl et al. 2005; Pasta
Ru
2007; Rapuzzi &
Sparacio 2012

Lo Valvo et al. 1993;
Brullo et al. 2001;
Baviera & Sparacio 2002;
Baviera et al. 2005;
Turrisi 2007; Barreca
et al. 2010

1
2

X
X

M

Bosco di Mangalaviti (19)
Bosco di Malabotta (20)

X
X
X

A, F

1
0
2

B, L, P

Faggeta di Monte Colla (16)
Cerreta di Sant’Antonio (17)
Bosco della Tassita (18)

X

1

Pineta Ragabo (15)

X

Deadwood Large-size Structural
Tree species Relevant Main threats
Old-growthness References
trees
characteristics richness
aspects to conservation class

Common name

Table 2. Continued
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considerably deﬁcient in many Sicilian forest stands and
more efforts should be addressed to enhance it. The
simultaneous presence of large trees and the low amount
of deadwood may indicate that elapsed time has not been
enough to cause the mortality of dominant plants or to trigger disturbance events at least at local scale. Even the
prolonged removal of deadwood, often continued also
after the cessation of silvicultural interventions, has contributed to further deplete Sicilian woods from this valuable ecological resource (Maetzke et al. 2009). About
62% and 52% of the selected Sicilian forest stands,
respectively, were diversiﬁed in terms of tree species richness and were characterized by a certain degree of structural complexity. Although information on the biological
diversity of Sicilian forest ecosystems is still lacking and/
or limited, most of the considered woods were found to be
host to a relevant native ﬂora and fauna, thus playing a
major role in the conservation of regional biodiversity (See
Supplementary Material). For example, the Mangalaviti
wood hosts one of the few populations of Petagnaea
gussonei (Sprengel) Rauschert, a rare plant endemic to
Sicily (Gianguzzi et al. 2004).

4

Conclusions and management proposals

In Sicily, potentially old growth stands have been
detected only under particular conditions. The lack of
quantitative data for most of the selected indicators
allowed us to make only a preliminary classiﬁcation.
However, the research is one of the ﬁrst attempts to
detect and characterize potential OGFs within Mediterranean insular ecosystems. Filling this gap of knowledge
is a crucial step if we are to ensure long-term preservation of the most intact forest resources and their outstanding biological heritage. There is also the potential
to achieve an old-growth status under appropriate management strategies and protection regime, at least in a
long-term perspective. The elimination of the still present
anthropogenic pressure is the ﬁrst preliminary condition,
despite being not sufﬁcient per se in most cases. After
human disturbance has ceased, the question as to
which is the best approach to enhance the structural
complexity and biological diversity of forests is currently
under debated, especially in the Mediterranean (Fabbio
et al. 2003). On the one hand, forests may be left to natural development; on the other hand, some regulated
forms of forest management may be necessary. The
current conditions of the site, along with its disturbance
and management history are essential factors to be
taken into account. The onset of old-growth traits after
the abandonment of traditional forestry activities has
been observed in European temperate forests. In
France, woods abandoned for about 46 years, showed a
signiﬁcantly higher living and dead aboveground
© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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biomass as compared to regularly managed forest
stands (Paillet et al. 2015). The living volume and number of very large trees (DBH > 67 cm) increased the
longer they had been abandoned, while stumps showed
an opposite trend, being a typical evidence of past management (Sweeney et al. 2010; Motta et al. 2015). Similarly, Swiss beech forests left unmanaged and
undisturbed for about 40 years showed higher values of
basal area, standing deadwood and variability of tree
diameter classes, indicating the increasing structural
diversiﬁcation of the stand (Heiri et al. 2009). In temperate beech and oak forests, the natural accumulation of
deadwood after management ceasing appears to be a
rather quick process, with a mean annual accumulation
rate ranging from 2.59 to 3.10 m3 ha 1 (Vandekerkhove
et al. 2009). However, in other contexts the required
time seems to be much longer. In the Italian alpine forests, 50-60 years have not been sufﬁcient (Motta et al.
2015). In several countries, direct interventions consisting in the girdling or felling of living trees are regularly
planned within forest management plans in order to
increase snags and logs, respectively (Corace et al.
2013). In the Mediterranean, the knowledge of deadwood dynamics is so far quite limited. As a consequence of the peculiar bioclimatic conditions and the
different management history of each stand, a strongly
site-speciﬁc response could be expected. Moreover,
here forest management has been found to play a more
important role than environmental factors in explaining
the differences between managed and unmanaged
Mediterranean forests (Tıscar & Lucas-Borja 2016).
Low-intensity human interventions, localized in small
areas, spatially and temporally differentiated, could be a
recommended management option to enhance the structural complexity and biological diversity of Mediterranean
forests (Torras & Saura 2008; Barreca et al. 2010;
Martın-Queller et al. 2013). Such interventions may favor
the coexistence of ecologically different living organisms
due to the increased availability of potential ecological
niches (Torras et al. 2012; Horak et al. 2014). An excessively dense canopy, resulting from the abandonment
after forest management, is widely recognized as a
cause of biodiversity loss in Mediterranean forests (GilTena et al. 2007; Barreca et al. 2010). A key limiting
factor is the availability of light in the understory. A more
open canopy and gaps occurrence may allow the survival of shade-intolerant plants and their associated biological communities (Heiri et al. 2009), with speciﬁc taxa
of beetles and birds particularly favored (Gil-Tena et al.
2007). A rational choice has to be made since the
increase of several biodiversity indicators in many forest
types has been observed in Spain, following the abandonment of traditional silvicoltural practices for about a
decade (Torras et al. 2012). However, the same authors
found that selective cuts seem to favor the abundance
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and richness of shrub species. As concerns our selected
woods, the management option of direct interventions
has to be restricted to forest stands falling within the
medium or low old-growthness classes. On the contrary,
for stands falling in the high class, full protection from
any form of anthropogenic disturbance, especially from
overgrazing, appears to be the most suitable management strategy. A good solution could be to subdivide the
whole stand in two areas; the core and most integral
area to be reserved for full protection, and an outer area
where the adoption of speciﬁc measures to encourage
the natural development of the forest should be planned.
Our investigation allowed us to make a preliminary
selection of the Sicilian forest stands that hold some oldgrowth traits and which could evolve towards old-growth
conditions under appropriate management strategies. In
this regard, the current lack of in-depth knowledge is still
a major limitation for most of Mediterranean forest types
(Badalamenti et al. 2017). Such a preliminary assessment will need to be corroborated by ﬁeld data on forest
structure and biological communities, following the latest
protocols speciﬁcally developed to investigate OGFs
(e.g.: Calamini et al. 2011). The comparison with thresholds values recently considered for Mediterranean forest
stands (Lombardi et al. 2012), will serve as an important
benchmark for the identiﬁcation, management and future
investigations of potentially old growth regional forests.
The research was carried out within the national
research project PRIN2012 “Development of Innovative
methods for Forest Ecosystem Monitoring by Remote
Sensing”. We are particularly grateful to Giovanni Giardina, Giovanna Sala, Antonio Cairone and Simone Di
Prima for their valuable support during ﬁeld surveys.
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