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Effects of traditional coppice practices and microsite conditions on tree 
health in a European beech forest at its southernmost range

Sebastiano Cullotta, Gaetano La 
Placa, Federico G Maetzke

European beech (Fagus sylvatica) grows at the southern limit of its range in
the mountain-Mediterranean vegetation belt up to the timberline. The south-
ernmost beech forests of Sicily (southern Italy) show peculiar ecological, struc-
tural  and  silvicultural  characteristics,  growing  in  fragmented  and  isolated
stands near the timberline and in topographically marginal unfavorable habi-
tats. Past silvicultural practices increased the heterogeneity of stand structure
at these sites. We compared stand structural characteristics and tree health in
coppice-cut and control beech stands with respect to the local topographic
gradient (bottom, slope and ridge) and canopy cover (clearing/border vs. inte-
rior trees). Our results clearly showed a correlation between declining tree
health (crown and bark damage, higher percentage of dead trees and lower
seedling  density)  and  recent  coppice-cuts,  poor  (marginal)  site  quality  (on
ridges and slopes) and reduced canopy cover (in clearing/border trees). The
decrease of tree health indicate an increasing threat to the long-term viability
of beech stands facing multiple environmental stress factors (such as those
related to southern latitude and topographic position). Declining tree health in
the control plots also supports this hypothesis. We concluded that traditional
forest management practices, such as coppice-cuts applied regardless to the
specific microenvironmental conditions, may pose a risk to beech forest health
at the southernmost edge of the species’ range.

Keywords: Marginal Beech Sites, Site-specific Ecology, Topographic Gradient,
Cover Fragmentation, Silviculture, Coppice-cuts, Tree Damage, Madonie Mts,
Sicily

Introduction
Common beech (Fagus sylvatica L.) grows

in Europe from the northern and tempera-
te-Atlantic lowlands to the southern Medi-
terranean mountains, where it reaches the
timberline or mountain tops (Barbati et al.
2006).  In  Italy,  beech  forests  represent
about 12% of  the high-elevation forest co-
ver, ranging from the Alps to the species’
southern  limit  in  Sicily.  According  to  the
National  Forest  Inventory  (INFC  2005),
beech  forests  cover  1 042 129  ha  in  Italy,
over 9% of the country’s total forest area.
Beech stands are found in a wide range of
environmental settings, from highly humid
sites in the Alpine valleys to the dry moun-
taintops  of  Sicily.  This  broad  distribution
suggests the existence of  local provenan-

ces  and specific  adaptations (Magri  et  al.
2006, Rose et al. 2009).

Previous studies on climate change (Tho-
mas et  al.  2004,  Gessler et  al.  2007)  sug-
gested that the survival of beech stands is
significantly  threatened  at  the  southern-
most limits of the species’ range (Berry et
al. 2002, Attorre et al. 2008, Benito Garzon
et al. 2008). Kramer et al. (2010) projected
that both southern and northern limits of
European  beech  will  shift  northward.  In
addition, climate change may deeply affect
natural regeneration processes (Gessler et
al. 2007, Silva et al. 2012), growth and pro-
ductivity  (Ciais  et  al.  2005,  Dittmar  et  al.
2006,  Jump  et  al.  2006,  Seynave  et  al.
2008,  Aertsen et al. 2014), and physiologi-
cal performance (Erasmus et al. 2004, Ren-

nenberg et al. 2006, Granier et al. 2007).
In  the  Mediterranean  region mean tem-

peratures  are  currently  increasing,  rainy
seasons are becoming shorter and drought
periods  are  longer  and  more  frequent;  a
shift upward of the treeline and a shrinka-
ge of the species’ distribution in southern
Europe  is  anticipated  (Peñuelas  &  Boada
2003, Jump et al. 2006). The Sicilian beech
stands  growing  on  the  northern  coastal
mountaintops are expected to experience
increasingly severe drought and warming,
leading  to  decline,  population  decreases
and  potential  local  extinction  of  the  spe-
cies (Piovesan et al. 2008, Pignatti 2011).

In  recent  years,  severe  drought  has  af-
fected beech stands at the southern sites,
which  calls  for  an active  management  of
stands.  Past  silvicultural  practices  have
largely  influenced  stand structure  variabi-
lity  of  beech forests  in  all  Mediterranean
mountains,  by creating and maintaining a
wide spectrum of structural forms (Bengts-
son et al. 2000). Coppicing to supply wood
for charcoal in local markets has been the
major  factor  affecting  forest  structure
(Coppini  &  Hermanin  2007,  Ciancio  et  al.
2008, Nocentini 2009, Sabatini et al. 2015).
With  a  decreasing  demand  for  charcoal
production, the majority of the beech cop-
pices were no longer managed, and many
are currently  being converted to high fo-
rests (Bergmeier & Dimopoulos 2001, Cian-
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cio et al.  2006,  Nocentini  2009,  Lombardi
et al. 2012).

At the forest stand level, climate and ma-
nagement practices  may interact  with to-
pography, cover and edge effects. Indeed,
Mediterranean  mountain  beech  stands
located on ridges or steep slopes, as well
as those that are in fragmented stands or
near edges, are negatively affected by the
increased  exposure  to  wind,  turbulence,
warmer  air  and  higher  soil  temperatures
(Harper et al. 2005,  Heithecker & Halpern
2007, Barbeta et al. 2011).

This study focuses on the structural cha-
racteristics  of  coppice  beech  stands  gro-
wing on the Madonie Mountains (the nor-
thern mountain chain of Sicily) in relation
to the local topographic gradient and the
forest cover fragmentation, with the follo-
wing goals: (i) to verify whether traditional
coppice practices are still  suitable for sus-
tainable management of beech at its sou-
thernmost limit; (ii) to identify silvicultural
practices  for  maintaining beech stands  in
these  marginal  areas.  To  evaluate  the
effect of coppicing on stand structure and
tree health, structural characteristics, seed-
ling density, defoliation index, bark dama-
ge and the percentage of dead trees were
compared between recently coppiced and
non-cut (control) forest plots.

Material and methods

Study area
The Sicilian beech forests cover 15 924 ha

(Camerano et al. 2011) and are of particular
phytogeographic  and  ecological  interest
(Gentile 1969, Raimondo et al. 1992, Brullo
et al. 1999). Beech grows from 1200 up to
2000 m a.s.l. on the ridges and high slopes
of the Nebrodi and Madonie mountains (N
and  NE  Sicily  -  Fig.  1),  as  well  as  on  the
slopes of Mont Etna (Cullotta et al. 2013).
Annual  precipitation  in  the  area  usually
exceeds 1000 mm, barely fulfilling the wa-
ter  needs  of  the  species,  suggesting  the
existence  of  locally  adapted  populations
(Nahm  et  al.  2007).  The  typical  Mediter-
ranean summer drought is partly mitigated
on northern slopes (facing the sea) by hu-
mid winds. The mean annual temperature
ranges from 7.0 to 11.0 °C; the Rivas-Mar-
tinez bioclimatic classification is humid su-
pra-Mediterranean.

Beech stands in this area grow on quar-
tzarenite (Numidian Flysch) substrate. Soil
types  include  Eutric  Cambisols  (brown
soils),  Eutric Regosols and Lithosols,  vary-
ing with the topography (ridges, steep slo-
pes  or  summit  plateaus).  At  higher  alti-
tudes  beech  cover  is  highly  fragmented
and trees are often shrub-like, with multi-
ple stems and reduced height. Both decidu-
ous and evergreen oaks (Quercus petraea,

Q. ilex, Q. pubescens) can be found in beech
stands,  mainly  at  lower  elevations  (1200-
1300 m a.s.l.).

Traditionally, beech forests in Sicily were
mostly  managed  as  coppice  for  charcoal
production (Hofmann 1960). All  beech fo-
rests  are  still  used for  occasional  grazing
and  wood  harvesting,  resulting  in  highly
diversified structures which cannot be ea-
sily classified as standard structural mana-
ging models (simple coppice, coppice with
standards  or  selection  coppice).  Wildfires
are rare in the higher vegetation belt, inclu-
ding in beech forests.

Data collection
Six study sites (A, B, C, D, E and F) were

selected in the upper part of the Madonie
mountains after a review of the local litera-
ture on beech forests (Hofmann 1960,  Ca-
merano  et  al.  2011,  Cullotta  &  Marchetti
2007)  based  on  the  following  criteria:  (i)
coppice  stands  must  have  been  recently
(last one or two decades) managed using
local,  traditional  silvicultural  methods;  (ii)
at least part of the stands must not have
been  managed  in  the  last  three  or  four
decades (to be used as control plots). 

A field survey was conducted at each site
on 2 paired plots  (i:  recently coppiced;  ii:
control),  totaling  12  sample  plots  (Fig.  2,
Tab. 1). Each plot was circular, with a radius
of 20 m. Plots were located in pure beech
stands  along  an  elevation  (1600-1800  m
a.s.l.)  and  topographic  gradient  (bottom,
slope, ridge -  Fig. 3).  Paired plots allowed
the  comparison  of  stand  characteristics
(structural variables, seedling density, tree
defoliation  index,  bark  damage,  and  the
percentage of dead trees) between recent-
ly  coppices  stands  and  controls  growing
under similar ecological conditions (Fig. 2,
Fig.  3).  Altitude,  topographic  position,
aspect and slope of each plot were recor-
ded, and its center georeferenced by GPS.
The position of all trees in the sample area
was determined by polar coordinates (dis-
tance  from  plot  center  and  azimuth).  To
determine the maximum age of shoots in
each  plot,  core  samples  were  collected
from the base of  the six largest stems in
the plot using an increment borer.

Diameter at breast height (DBH) of all li-
ving trees (all shoots >3 cm on each stool)
and tree height (H) were measured. Addi-
tionally,  the following structural characte-
ristics were recorded in each sample plot:
height  of  crown  insertion  (m),  crown  ra-
dius (mean of  the radii  taken at  the four
cardinal  points),  canopy  cover  (%),  stool
number  and location,  coppice-shoot num-
ber per stool.

The presence and location of beech rege-
neration was determined by recording all
plants with diameter (D) < 3 cm (at ground
level) and height (H) < 1 m along two tran-
sects  in  each  sample  plot;  the  transects
were 40×2 m, oriented according along the
cardinal  directions.  Seedling  production
(seedlings  ha-1)  was  determined  by  coun-
ting  all  recruitments  of  the  current  year
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Fig. 1 - (a) Distribu-
tion of Fagus syl-
vatica in Europe

(after EUFORGEN
project map); (b)

beech forests in
Sicily and (c) in the
study area (Mado-

nie mountains).
Data from the Fo-

rest Map of Sicily -
Regional Forest

Information Sys-
tem 2011). Sample
sites are indicated
by black circles in

the panel (c).
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along the transects, while recruitments of
the previous  years were classified as sap-
lings  (saplings  ha-1).  Seedling  and  sapling
were  defined  according  to  Borghetti  &
Giannini  (2004),  Papalexandris  &  Milios
(2010) and Barbeta et al. (2011).

Based on the above measurements,  the
following  structural  parameters  were  cal-
culated for each sample plot: stem density
(shoots ha-1) and stool density (stools ha-1);
mean tree DBH (cm) and mean tree height
(m); basal area (G, m2 ha-1); frequency distri-
bution of trees with respect to DBH (2.5 cm
classes) and H (5 m classes). The number of
individuals in each size class for DBH and H
was calculated based on the stand density
of  each  plot  (number  of  individuals  per
hectare). The total basal area (G, m2) from
all  the  shoots  for  each  individual  (stool)
was also calculated. The whole shoot vol-
ume (V, m3) was obtained using the mathe-
matical  models  developed  by  the  Italian
National  Forest  Inventory  (MAF-ISAFA

1985)  and  the  Sicilian  Regional  Forest
inventory (Hofmann et al. 2011).

Tree health data collection
Damage was assessed for all beech trees

in  each  sample  plots.  Crown  defoliation
and bark damage were estimated visually
and  defined  as  the  percentage  of  crown
leaf  loss and the percentage of  damaged
stem bark (necrosis;  cracks),  respectively.
Stem bark damage are to be considered as
the  effect  of  direct  sunlight  on  the  bark
after  the  canopy  opening  by  cutting.  To
assess crown damage, the shoot crown on
each stool was split into 9 (3×3) quadrants
(Fig. 4), and each quadrants assigned to a
damage and defoliation class (based on 5%
percentage of increment). Trees were ob-
served systematically from the south side.
Dead trees were recorded, and the ratio of
dead to total individuals was calculated for
each plot.

In addition to sampled plots, tree health

data collection was extended to a total of
three transects located along the topogra-
phic and altitudinal gradient (Fig. 2, Fig. 3).
Each transect was 5 m large and 350-450 m
long, and included bottom, slope and ridge
segments. The same procedure of damage
assessment  adopted  for  plots  was  also
used for the transects.

Data analysis
The non-parametric Kolmogorov-Smirnov

(KS) test was used to test for differences in
the  diameter  distribution  of  stems  or
shoots (by size class) between coppice-cut
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Tab. 1 - Physiographic characteristics of the study sites. The label “cut” indicates recently coppice-cut plots, while control plots are
labelled as “control”. Geographic coordinates are given for the center of the two paired plots sampled at each site. Altitude, aspect,
slope and stand density are given as the mean of the two plots.

Site name Label
Latitude

Longitude Topography
Altitude
(m a.s.l.) Aspect

Slope
(%)

Stand density
(n ha-1 ± SE)

Vallone Prato A (cut) 37° 50′ 52″.77 N
14° 02′ 14″.60 E

bottom 1640 SE 30-40 2769 ± 280

Piano Iola B(control) 37° 50′ 50″.14 N
14° 02′ 10″.43 E

bottom 1630 S 10 20 4687 ± 368

Piano Iola-Piano Grande C(cut) 37° 50′ 45″.54 N
14° 02′ 07″.63 E

slope 1720 NO 30-40 2984 ± 301

Piano Grande D(cut) 37° 50′ 32″.59 N
14° 02′ 06″.64 E

ridge 1770 - 0-5 3287 ± 316

Piano Grande E(control) 37° 50′ 29″.08 N
 14° 02′ 14″.75 E

ridge 1760 - 0-5 14705 ± 613

Piano Iola-Piano Grande F(control) 37° 50′ 45″.43 N
 14° 01′ 58″.92 E

slope 1700 NO 30-40 5411 ± 357

Fig. 2 - Location of the paired plots at each sample site (A, B, C, D, E, F) and location of
the sample transects. (L): length of each transect in meters.

Fig. 3 - Location of the paired plots and
the transects along the topographic and
elevation gradients.
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and control plots. The Student’s t-test was
applied  to  compare  structural  variables
(plant and stool density, no. of shoots per
stool, mean tree DBH, H, G and V), regene-
ration density (seedlings and saplings), and
damaged  and  dead  trees  between  cop-
piced and control plots.

Differences  in  the  measured  variables
among  silvicultural  treatments  (coppice-
cut plots  vs. non-cut plots/controls), topo-
graphy  (bottom,  slope  and  ridge  plots),
and canopy cover (clearing/edge trees  vs.

interior  trees)  were  tested  by  ANOVA.
Mean  comparison  was  carried  out  using
the Tukey’s post-hoc test (α = 0.05). 

All  statistical  analyses  were  carried  out
using  the  software  package  STATISTICA®

version 8 (StatSoft Inc., Tulsa, OK, USA).

Results

Structural characteristics
The  analysis  of  core  samples  extracted

from the larger stools in the sample plots
revealed that  all  the  studied stands  have
been subject  to previous coppice cuts 43
and  54  years  ago.  Only  a  single  stem
(shoot)  of  age  of  63  and  one of  age  76
years were recorded in plots E and D, res-
pectively.

A total of 4714 stems/shoots with DBH > 3
cm were measured in the 12 sample plots.
The mean values (± SE) of all measured and
derived stand variables are reported in Tab.
3, for both coppice-cut plots (A, C, D) and
control plots  (B, E, F - Tab. 2).

Beech  stands  in  coppice-cut  plots  were
significantly less dense than control  plots
(3013  ± 232  vs. 8268 ± 2040 n  ha-1 –  Stu-
dent’s t = -2.57; p < 0.05; df = 10); the num-
ber of shoots per stool was also significant-
ly smaller (5.3 ± 0.23 vs. 6.6 ± 0.48 n ha-1 in
coppice-cut and control plots, respectively
– Student’s  t = -2.39; p < 0.05; df = 800 –
Fig. 5). Contrastingly, the stool density was
similar in both stand types (Student’s  t =
-1.81; p = 0.09, df= 10). 

Coppice-cut  stands  had  significantly  lo-
wer values of both basal area (Student’s t =
-6.18;  p <  0.01;  df  =  10)  and volume (Stu-
dent’s  t = -5.63; p < 0.001; df = 10 –  Fig. 5,

Tab. 3). The diameter distribution of coppi-
ce-cut and control stands showed a similar
shape, but were significantly different (KS
test, p = 0.029). In general, the number of
individuals (stems) decreased from smaller
to larger size classes.  Student’s  t-test  ap-
plied to each diameter class revealed signi-
ficant differences for the intermediate clas-
ses (DBH 10, 12, 14 cm –  Fig. 6a). Similarly,
the cumulative distribution of volume per
individual (summing all the stems of each
individual)  was  significantly  different  bet-
ween  coppice-cut  and  control  plots  (KS
test, p = 0.001 –  Fig.  6b),  with significant
differences  in  the  intermediate  volume
classes (V 20, 40, 60, 80).

Regeneration
The  number  of  seedlings  and  saplings

was not significantly  different in  coppice-
cut and control stands (Fig. 5). Significant
differences  in  regeneration  were  found
among topographic positions after ANOVA
(Fig. 7). Pooling data from coppice-cut and
control  plots  together,  regeneration  was
significantly lower on ridges as compared
with  other  topographic  locations  (seed-
lings: p < 0.01; saplings: p < 0.05 – Fig. 7a).
The number of seedlings showed a decrea-
se from the lower to the higher elevation
plots, while the number of saplings increa-
sed with the topographic gradient. In cop-
pice-cut stands (Fig. 7b), the lowest rege-
neration level occurred on the ridges (p <
0.01), while the number of saplings decrea-
sed in the opposite direction from ridges
down  to  the  bottomlands.  Contrastingly,
seedling number was the highest in plots
located on slopes (p < 0.05).
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Tab. 2 - Structural characteristics of the sample plots (mean values) before and after the cutting treatments . The percentage of va-
riation of density, basal area (G), and volume (V) after the cutting is reported. (*): include the natural mortality in control plots.

Plot Year of cut
Density (n ha-1) G (m2 ha-1) V (m3 ha-1)

Before After* % Before After* % Before After* %

A (cut) 2011 6891 4122 60 30 7 22 121 21 17
B (control) 2000 4862 175 4 32 1 2 136 3 2
C (cut) 1997 5507 2523 46 18 8 42 57 24 42
F (control) > 30 years ago 5634 223 4 37 1 2 166 2 1
D (cut) 1998 9868 6525 66 25 11 43 53 20 37
E (control) > 30 years ago 15308 603 4 49 1 2 149 3 2

Tab. 3 - Stand parameter values after cut (mean ± SE) for each sample site (two plots of each site).

Parameter
Site (mean ± SE)

A(cut) B(control) C(cut) D(cut) E(control) F(control)

Stand density (n ha-1) 2769 ± 280 4687 ± 368 2984 ± 301 3287 ± 316 14705 ± 613 5411 ± 357
Stool density (n ha-1) 637 ± 37 1098 ± 59 851 ±57 461 ± 41 509 ± 29 1146 ± 63
N.shoots/stool 4 ± 0.26 4 ± 0.22 3 ± 0.27 7 ± 0.71 29 ± 3.23 5 ± 0.46
DBH (cm) 10.3 9.2 6.7 7.8 6.5 9.2
H (m) 9.3 9.5 6.7 5.5 6.3 9.2
G (m2 ha-1) 23.1 31.4 10.5 15.8 48.4 36.3
V (m3 ha-1) 100.1 133.5 33.3 38.5 146.6 163.5
Seedlings density (n ha-1) 637 ± 226 485 ± 174 573 ± 278 294 ± 154 350 ± 88 605 ± 112
Saplings density (n ha-1) 31.8 ± 12.8 31.8 ± 11.4 15.9 ± 10.9 23.9 ± 12.8 31.8 ± 9.1 31.8 ± 10.1
Defoliation index (% individual) 14.0 ± 2.3 12.4 ± 1.4 21.6 ± 5.7 27.3 ± 9.7 17.5 ± 1.5 17.1 ± 4.7
Bark damage index (% individual) 0.0 0.0 11.7 ± 1.9 7.1 ± 2.9 0.0 0.1 ± 0.04
trees (n ha-1) 0.0 0.0 127.3 ± 41.3 0.0 15.9 ± 5.7 0.0

Fig. 4 - Schematic representation of the
shoot crown on a stool,  divided into 9
(3x3) quadrants in order to assess defo-
liation and stem damage in the different
parts of the plant.
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Health status and dead plants
Generally, crown defoliation was greatest

in  the upper  and outside portions  of  the
crown; less defoliation was observed in the
lower and inside portions. By contrast, the
greatest bark damage was observed in the
lower  part  of  each  stem,  mainly  on  the
southern warmer exposures, and in plants

bordering clearings and open areas.
Comparisons  of  coppice-cut  and control

plots revealed statistically significant diffe-
rences in all the indicators of beech health
(defoliation, bark damage, dead tree). The
canopy defoliation index was twice as high
in  coppice-cut  plots  compared  with  con-
trols (20.77% ± 1.02  vs. 9.03% ± 0.48 – Stu-

dent’s  t = 10.51; p < 0.01; df= 472 –  Fig. 5).
The bark damage index, which was negligi-
ble in control plots (0.15% ± 0.06), was rela-
tively high in the cut stands (6.35% ± 0.56 –
Student’s t = 12.24; p < 0.01; df= 472). As a
consequence,  a  possible  drought  effect
could be excluded. Moreover, the percen-
tage of dead trees within sample plots was
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Fig. 5 - Mean number of shoots per
stool, basal area, regeneration

(sapling) density, defoliation index,
bark damage index, and percentage

of dead trees for coppice-cut and con-
trol plots. Bars represent the standard

error. (*): p < 0.05; (**): p < 0.01.

Fig. 6 - (a) Diameter distribution of living stems (shoots) per hectare in the coppice-cut and control plots. (b) Distribution of cumula -
tive volume per individual, obtained as the sum of all shoots for each individual. Seedlings and saplings were not included. Bars re -
present the standard error. (*): p < 0.05; (**): p < 0.01.
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also higher in coppice-cut (6.97% ± 2.62) as
compared with control areas (0.17% ± 0.41 –
Student’s t = -2.49; p < 0.05; df= 10 – Fig. 5).

The analysis of the health status of trees
with  respect  to  the  topographic  gradient
revealed  that  the  defoliation  index  and
bark damage index were higher on ridges
and slopes than on bottom sites. Additio-
nally,  trees  bordering  clearings  were  less
healthy  than trees  in  stand interiors  (Fig.
8). Indeed, beech trees in coppice-cut plots
located on ridges and in clearings showed
the highest defoliation index (up to 34.5% ±
4.4 – the highest value was in plot D with
41%  defoliation),  which  was  significantly
higher  than those found for in slope and
bottom positions (Tukey’s  post-hoc  test, p
<  0.01  –  Fig.  8a).  Beech  trees  in  control
plots  with the same topographic position
and canopy cover  showed similar  results,
although with lower values,  e.g., the defo-
liation index was 14.8% ± 1.6 for trees in the
clearings on ridges (Fig. 8b).

The bark damage index is reported only
for  coppice-cut  plots  (Fig.  8c);  in  control
plots, the index was close to 0%. The bark
damage  index  was  significant  higher  in
plots on slopes for both edge and interior

trees (Tukey’s post-hoc test, p < 0.01 –  Fig.
8c).

In  coppice-cut  plots,  dead  beech  trees
were  significantly  more  abundant  on  slo-
pes and ridges (Tab. 3).

Discussion and conclusions
Southern European beech forests mainly

grow in the mountain-Mediterranean vege-
tation belt of northeastern Spain, southern
Italy and Sicily, and central Greece (Piove-
san et al. 2005,  Peñuelas et al. 2007,  Tsiri-
pidis  et  al.  2007).  Beech in Sicily  grow at
the  very  edge  of  the  species’  European
range  (Cullotta et al. 2013). Beech stands
on  the  Madonie  mountains  (about  2500
ha), as well as those located on the eastern
slopes of Mount Etna (about 2000 ha), are
highly  fragmented  as  compared  with  the
wider beech forests of the Nebrodi moun-
tains  (approximately  10 000  ha  -  Fig.  1b).
Moreover, the latter stands are characteri-
zed by higher biomass and more growing
stock as a result of deeper soils and more
humid environment (Hofmann et al. 2011),
while  the  former  stands  grow  on  less-
developed  shallow  soils,  and  are  mainly
composed of multi-stemmed trees (several

shoots on each stool), due to both environ-
mental conditions and past coppicing. 

Our results confirm that vegetative rege-
neration (sprouting) largely predominates
in  high  mountains  and  in  topographically
marginal  sites,  which is  a  common repro-
ductive strategy for beech growing under
unfavorable environmental conditions (Pe-
ters 1997), especially in the Mediterranean
region (Peñuelas et al. 2007, Papalexandris
& Milios 2010, Bianchi et al. 2011, Cullotta et
al. 2013).

Past  silvicultural  practices  carried  out  in
the analyzed stands have fostered irregular
stand  structures  and  increased  structural
variability,  reinforcing  the  importance  of
the adoption of a correct coppicing mana-
gement (Ciancio et al. 2006,  2008,  Coppini
& Hermanin 2007,  Nocentini 2009). Coppi-
ce with standards was the most common
treatment of  beech stands in Sicily,  inclu-
ding the Madonie mountains, until the first
half  of  the  last  century  (Hofmann  1960).
Their subsequent abandonment or the irre-
gular (less frequent) utilization have contri-
buted to the current atypical  stand struc-
tures and dynamics.

Our results revealed a significant impact
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Fig. 7 - Mean and standard error of beech regeneration, distinguished as seedling and sapling, by topographic position of the plot
analyzed. (a) All plots; (b) coppice-cut plots.  (*): p < 0.05; (**): p < 0.01.

Fig. 8 - Mean and standard error of health status indicators by topographic position of the plot analyzed. (a) Defoliation index of
coppice-cut plots; (b) defoliation index of control plots; (c) bark damage index of coppice-cut plots. Significant differences among
topographic positions after Tukey’s post-hoc test are indicated (**: p < 0.01).
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of  silvicultural  practices  on  the  studied
beech forests. Felling practices carried out
in the last two decades (Tab. 2), uniformly
applied  to  a  coppice-like  stand  structure
without consideration of site-specific envi-
ronmental conditions (i.e., topography and
soil),  negatively influenced stand develop-
ment.  Ciancio & Nocentini  (2004) empha-
sized that coppicing in harsh climates and
environmental  conditions  produces  many
crooked and branched stems.

The comparison of coppice-cut and con-
trol plots indicated a high utilization rate,
i.e., 20-40% of plant basal area (G) and vo-
lume (V) and up to 66% of stem (shoots)
density (Tab. 2). The higher G and V obser-
ved in the control plots as compared with
coppice-cut plots (Tab. 3) reflect the diffe-
rent architecture of individual trees in the
two stand types, because stools in control
plots  tend  to  have  more  stems  (shoots)
per individual than stools in coppiced plots
(Fig. 5, Fig. 6).

The analysis  of  regeneration did  not  re-
veal  significant  effects  of  the  silvicultural
treatment on seedlings and saplings densi-
ty.  However,  seedlings  tend  to  be  less
abundant  in  coppice-cut  plots  compared
with controls, while the opposite was true
for saplings.

Climate, topography, soil and stand struc-
ture are the main factors controlling seed-
ling density at the microsite level (Silva et
al. 2012). In this study, we found a conside-
rably  lower  number  of  seedlings  in  plots
located  on  ridges  and  mountaintops  as
compared with those in the bottomlands,
with the largest reduction of recruitments
in  the  coppice-cut  plots  (Fig.  7).  On  the
other hand, such reduction was not found
for saplings. Similar results were reported
by  Barbeta  et  al.  (2011),  who  compared
fragmented and continuous forests at the
edge of the species’ range in southeastern
Spain.  However,  the  projected  increasing
temperatures in the Mediterranean region
are likely to reduce the frequency of  suc-
cessful seedling establishment (Jump et al.
2007,  Pulido  et  al.  2008,  Wagner  et  al.
2010), possibly leading to a general decline
and local extinction (Piovesan et al. 2008).

The observed decrease in seedling esta-
blishment and plant health are indicative of
the  poor  site  quality  at  the  coppice-cut
stands  analyzed.  Our  results  suggest  a
strong effect of  silvicultural  treatment on
habitat  quality:  beech  trees  in  coppiced
plots were more than twice as defoliated
and had 6 times more bark damage than
those  in  control  plots.  Moreover,  dead
trees were 7 times more abundant in cop-
pice-cut than in control plots (Fig. 5).

The  defoliation  index,  the  bark  damage
index,  and  the  percentage of  dead  trees
were strongly  correlated with  local  topo-
graphy  (Fig.  8,  Tab.  3).  The  defoliation
index  of  coppiced  plots  on  ridges  was
nearly double (35% mean defoliation) that
that of coppiced plots in bottomlands (21% -
Fig. 8a). The effect of topography was also
evident in the control plots, with approxi-

mately 3-4  times more damage on ridges
than in  bottomlands.  Similar  results  were
also observed for other indicators of tree
health, such as bark damage and frequency
of dead trees. These findings support the
hypothesis that the negative effect of inap-
propriate  silvicultural  practices  could  be
strengthened by the worse environmental
conditions expected under the current cli-
mate change.

In summary, our results suggest that the
health  of  beech  stands  on  the  Madonie
mountains declines in more marginal sites,
at  higher  altitudes,  and  on  steep  slopes,
ridges  and  summit  plateaus,  as  a  conse-
quence of the combined effect of anthro-
pogenic and ecological factors. In particu-
lar,  the shallow soils  (siliceous,  rocky and
skeletal)  and the effects of strong winds,
such  as  increased evapotranspiration  and
air  turbulence  (Harper  et  al.  2005)  are
among  the  most  limiting  environmental
factors. Aridity and wind speeds are expec-
ted  to  be  higher  in  these  marginal  sites,
affecting tree health through drought and
mechanical damage (Barbeta et al. 2011).

In addition, habitat quality in the studied
sites is strongly affected by the lack of  a
continuous canopy cover (Heithecker & Ha-
pern 2007). The negative effects of habitat
fragmentation  on  tree  health  have  been
attributed  to  edge and area  effects  (Fer-
reira & Laurance 1997,  Harper et al. 2005).
The effect of direct sun on trees bordering
clearings  is  particularly  evident  in  their
health  indicators  (defoliation,  bark  dam-
age,  dead  trees),  especially  for  Mediter-
ranean beech stands at high altitudes or at
the  southernmost  edge  of  the  species’
range.

Environmental stress can be strongly en-
hanced by the adoption of different mana-
gement  regimes  or  silvicultural  practices
(Kramer  &  Kozlowski  1979,  Ciancio  et  al.
2006,  Wagner et al.  2010).  Extensive cop-
picing in the analyzed plots A, C and D in-
creased  environmental  stress.  Coppicing
amplified  the  ecological  effects  of  forest
fragmentation and canopy gap formation,
affecting  growth  patterns,  regeneration
processes, and sunlight effects ( Topoliantz
& Ponge 2000, Collet et al. 2001, Caquet et
al. 2009, Robson et al. 2009).

To  mitigate  the  negative  effects  of  fre-
quent  coppice  clearcutting on  soils,  land-
scape  and  biodiversity  conservation,  the
conversion of  coppices to high forests or
to natural stand dynamics with continuous
cover has recently become an increasingly
common  management  goal,  especially  in
hilly  and  mountainous  Mediterranean  re-
gions  (Serrada  et  al.  1998,  Ciancio  et  al.
2006,  Nocentini  2009,  Montagnoli  et  al.
2012). Anyway, in harsh habitats (as in the
case  study)  where  multi-stemmed  shrub-
like growth forms are common and conver-
sion  is  not  feasible,  it  is  compulsory  to
maintain a high canopy cover and a large
stem  density.  Therefore,  management  in
such ecological  context  should  aim at  re-
ducing the fragmentation of beech stands

and increasing canopy cover by plantation.
In summary, the results of this study high-

light  the  various  ecological  and  manage-
ment effects that influence habitat quality
in  outlying  beech  stands  of  the  Madonie
mountains.  Here,  beech  has  to  be  consi-
dered as  a  “pioneer” species  surviving in
extreme habitats, characterized by severe
summer  drought,  shallow  soils,  strong
winds, scattered canopy cover and unsuita-
ble  management  practices,  such  as  occa-
sional  wood  harvesting  and  uncontrolled
grazing. In this context, traditional silvicul-
tural  practices  used  in  the  past  are  no
longer  suitable  and  quite  detrimental  to
the  stands’  survival.  A  cautious  manage-
ment  approach  should  be  adopted,  avoi-
ding felling practices and other anthropo-
genic  disturbances  in  the  most  marginal
topographic  sites  such  as  ridges,  summit
plateaus and steep slopes.
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