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The aim of this paper was to investigate the functional composition of the understory of Mediterranean
beech forest stands that have been managed in two different ways, namely, coppicing and tree by tree
harvesting. In particular, we used a trait-based approach to characterize old coppice and high forest
stands, analyzing their differences and evaluating the status of old coppices by considering their conver-
sion towards high forest stands. The study area was the Montagne della Duchessa massif in central Italy,
which lies at the center of the Apennine chain. Sixty-six plots were laid out and their species abundance
and structural parameters were recorded. Data on plant traits were collected using both European data-
bases and the literature available. Redundancy analysis was performed to assess the relationship
between trait states and management, and forward selection was used to identify the structural param-
eters with a significant effect on trait variability. A Wilcoxon Rank-Sum test was done to assess differ-
ences in trait states between the management types. High forests proved to be more related to traits
typical of mature forest conditions, while old coppices seemed not to have a clear trait association, except
for some trait states related to open habitats, and showed the same ‘‘mature forest” trait composition,
even if with lower abundances. This indicates that, despite the higher initial disturbance pressure, once
abandoned, old coppices tend over time to evolve naturally towards mature forest functional conditions.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

The understory plays an important role in the functioning of
beech forest ecosystems, as it supports about 90% of the plant spe-
cies richness, provides habitat and forage for many wildlife species
and is sensitive to environmental and dynamic changes (Gilliam,
2007; Campetella et al., 2011). Silvicultural management affects
forest ecosystems by altering such ecological parameters as light,
temperature, humidity and soil properties (Federer and Tanner,
1966; Anderson et al., 1969; Frelich et al., 2003; Gondard and
Deconchat, 2003; Rubio and Escudero, 2003; Burton et al., 2011),
and induces a disturbance regime that is thought to have an impact
on understory species composition and competition processes
(Thimonier et al., 1992, 1994; Van Oijen et al., 2005; Fraterrigo
et al., 2006). In this context, the ground flora is a key element in
evaluating how different silvicultural practices affect forest diver-
sity, understanding how these practices affect conservation and
assessing their sustainability.

Several studies have investigated the variations in plant species
richness and diversity in order to analyze the impact of human dis-
turbance in forest ecosystems (e.g. Kirby and Thomas, 2000;
Aubert et al., 2003; Moola and Vasseur, 2004; Bermúdez et al.,
2007; Durak, 2012; Campetella et al., 2016; Canullo et al., 2017;
Horvat et al., 2017). However, since the traditional floristic
approach does not lend itself to making the effective comparisons
that are useful for detecting general patterns (Kenderes and
Standovár, 2003; Moffat and McLachlan, 2004; Bartha et al.,
2008), some authors began to emphasize the functional (sensu
Violle et al., 2007) rather than the taxonomic approach (Noss,
1990; Bossuyt et al., 1999; Ehrlén and Eriksson, 2000; Lavorel
and Garnier, 2002; McCarthy, 2003; Lavorel et al., 2007). Func-
tional diversity is based on the concept of plant traits, which are
‘‘the morphological, physiological and phenological features that
represent ecological strategies and determine how plants respond
to environmental factors, affect other trophic levels and influence
ecosystem properties” (Pérez-Harguindeguy et al., 2013). Inas-
much as they capture different aspects of the resource use and
habitat requirements of species (Cornelissen et al., 2003; Suding
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et al., 2008; Thuiller et al., 2009), plant traits represent a powerful
tool for understanding the relationships between plants and their
environment (Diaz et al., 2004; Garnier et al., 2007; Klimešová
et al., 2011). In fact, they provide insights into how environmental
factors shape biodiversity patterns at continental, regional and
local scales (Diaz et al., 1998; Garnier et al., 2004; McGill et al.,
2006; Shipley, 2010). Moreover, the use of functional traits has
improved our understanding of how forest ecosystems respond
to environmental constraints and human impact (Nagaike et al.,
2003; Verheyen et al., 2003; Decocq et al., 2004; Catorci et al.,
2013; Cervellini et al., 2017). On this basis, previous works
described specific traits that are associated with forest conditions,
explained how mature ecosystems are characterized by specific
traits such as slow growth, stress-tolerant strategy, early and short
flowering span and vegetative spread, and highlighted in unman-
aged forest stands a general increase of both shade-tolerant and
‘‘ancient forest” related species (sensu Hermy et al., 1999) (Graae
and Sunde, 2000; Bartha et al., 2008). On the other hand, distur-
bance was shown to favor species with such traits as ruderal strat-
egy, long dispersal seed strategy, and a generalized flowering
period. Land use is very significant for understanding the pattern
of species, and in efforts to conserve understory plant diversity
(Kopecký et al., 2013). Recently, some authors have stated that
major transformation events were caused by the interruption of
traditional forest management (Van Calster et al., 2007; Baeten
et al., 2009; Hédl et al., 2010).

Since beech forests in Italy dominate the Apennine chain and
are the most common woody resource, they have been managed
for centuries as coppices, or coppice-with-standards (CWS), and
as high forest (HF) harvested tree by tree (Oldeman, 1990; Piussi,
1994; Scarascia-Mugnozza et al., 2000). During recent decades in
Italy, as in many other parts of Europe (Van Calster et al., 2008;
Baeten et al., 2009), the progressive depopulation in the mountains
due to socio-economic changes has led to progressive abandon-
ment of CWS. As has been seen in Central and Northwestern
Fig. 1. The study area. The forest areas surveyed are bounded and colored in light gray;
are indicated by the black ones.
Europe, (Kopecký et al., 2013), in the Apennines as well, the aban-
doned coppices are destined to convert to high forest, a manage-
ment system that is quite different from coppicing, as it has
longer rotation periods and tends to maintain a certain canopy
cover (Ciancio et al., 2006; Coppini and Hermanin, 2007). This
management change is expected to have an effect on the under-
story layer. Since most of the studies investigating this problem
focused prevalently on mixed deciduous forests (van Calster
et al., 2008; Baeten et al., 2009; Vild et al., 2013) in temperate or
continental climatic conditions (Graae and Sunde, 2000;
Kenderes and Standovár, 2003; Decocq et al., 2004), there is a
general lack of knowledge about beech forest conversion in the
Mediterranean context. In fact, only a few studies have been con-
ducted in this area, focused prevalently on the relationship
between the understory and the environmental conditions after
cutting (Canullo et al., 2011; Campetella et al., 2011), or inspecting
the effect of short-term dynamics on functional understory compo-
sition (Canullo et al., 2017). However, there is a dearth of detailed
studies exploring differences in functional composition between
differently managed stands, in order to evaluate how the different
cut regimes affect the vegetation functional response. Such com-
parisons can be helpful not only to better understand these sys-
tems, but also to envision what could happen to the understory
functional diversity should the abandoned coppices finally be con-
verted to high forest management.

On the basis of these considerations, the general aim of this
study was to investigate old coppice-with-standards (old CWS)
and high forests (HF) in terms of understory functional composi-
tion. The specific research objective was to understand which trait
states characterize and differentiate both systems. As coppice and
high forest management differ in cut frequency and severity, this
had an impact on understory diversity, and we expect to detect
also differences in functional traits between the two systems, given
the remarkable sensitivity of the herbaceous layer. We hypothesize
to find differences in (a) trait states composition and (b) trait
coppice-with standards plots are represented by white dots, while high forest plots
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abundance between old coppices and high forests. Moreover, we
expect to find a higher abundance of traits related to mature forest
conditions in high forests (c).
2. Materials and methods

2.1. Study area and recent history of the local forest

The study was carried out in the Montagne della Duchessa mas-
sif, located within the northern portion of the Velino-Sirente chain,
between the Lazio and Abruzzo regions (central Italy, see Fig. 1).
This mountainous site includes high altitude peaks such as Monte
Morrone (2141 m a.s.l.), Monte Costone (2239 m a.s.l.) and Monte
Murolungo (2184 m a.s.l.). The area is characterized by a limestone
substrate (Accordi et al., 1988), and a sub-Mediterranean climate.
Beech forests occupy a surface of about 1200 ha at altitudes rang-
ing approximately from 1000 to 1900 m a.s.l. Belonging to the Car-
damino kitaibelii-Fagetum sylvaticae association at higher
elevations, and to Lathyro veneti-Fagetum sylvaticae association at
lower elevations (Scolastri et al., 2014), these beech forests are rec-
ognized as priority habitat, classified under the 9210⁄ code (Apen-
nine beech forests with Taxus and Ilex, Habitat Directive 92/43
EEC). Over the centuries, pastoral activities (mainly sheep and cat-
tle grazing, frequently at high altitude) and forest management in
this site, as in many other Apennine areas, affected the forest struc-
ture and extent. These forests have been managed mainly as Cop-
pice with Standards (CWS) and as High Forest (HF) during two
main exploitation events. In 1915, the beech forests were cut
intensively, prevalently for charcoal and poles, while between
the 1950s and 1960s, cuttings were broader and distributed over
almost the entire area. During both periods, HF stands were man-
aged as shelterwood with successive cuts, albeit often with a lack
of intermediate treatments (for example, liberation treatment). In
many cases, this gave rise to stands formed by older trees and
younger individuals derived from the natural regeneration after
cuts. Subsequently, in the 1970s, cuts were only occasional and
very modest. As these stands have not been exploited since the
1960s, the surveyed coppices are on average between 50 and
60 years old, according to the information provided by the Forest
Management Plan, and thus are considered as old CWS (>38 years),
none of them having yet converted to HF. Since these environmen-
tal conditions and land use history are regionally widespread in the
central Apennines, the Montagne della Duchessa massif can be
considered a highly representative area. The progressive transfor-
mation in land use that has been taking place in recent decades
in mountainous areas of the central Apennines and, in particular,
the trend to convert old CWS into HF in beech forest stands, has
led to differences in terms of understory floristic diversity
(Scolastri et al., 2017).

Most of the area considered in this study is part of the ‘Mon-
tagne della Duchessa’ Regional Natural Reserve. Recently, the
Reserve has been recognized as a Special Protection Area (accord-
ing to the European Directive 79/409/EEC); part of it has also been
recognized as a Site of Community Importance (according to the
European Directive 92/43/EEC). The territory also belongs to the
‘‘Apennines high-elevation” site of the international Long-Term
Ecological Research (LTER) network (Stanisci, 2012; Cutini et al.,
2012).
2.2. Sample design and data collection

Information about management was collected using the
Reserve forest management plan and the book of cuts available
at the Italian State Forestry Corps. The data obtained for old CWS
and HF stands were spatialized in the GIS environment (ArgGIS
9.2, ESRI). Aspect and slope data were extracted using a digital ele-
vation model (DEM, 20 m resolution) and each variable was
divided into two categories: SW and NE for the aspect, and 0–30�
and 31–45� for slope. Subsequently, the management types (old
CWS and HF) and environmental categories were merged in order
to select old CWS and HF stands that shared similar environmental
conditions. This stratification and the subsequent selection were
done in order to have old CWS and HF plots with a comparable
environmental variability, and then to consider only the possible
effects due to differences in management (Appendix A provides a
more detailed description of the stratification method, together
with a plot x environmental variables table). Eighty points were
randomly placed inside the strata created using Hawth’s tool pro-
gram (Beyer, 2004) in the GIS environment. The points were at a
minimum distance of 200 m from each other and at a minimum
of 30 m from the forest borders, in order to reduce pseudo-
replication and the edge effect. Eighty square plots of 400 m2 each
were designated during the May-July period (2012–2013; climatic
data regarding this period, taken by the Borgorose climatic station,
are available in Appendix B. Next, the dataset was restricted to 66
plots (36 old CWS and 30 HF) to avoid mixed situations and to
include only the plots representative of the two management sys-
tems. Each plot was divided into 16 sub-plots of 25 m2, and inside
each plot the vascular species abundance was quantified by sub-
plot frequency (from 0 to 16). Plants species were identified using
standard floras (Tutin et al., 1964–1980, 1993; Pignatti, 1982),
while nomenclature was standardized according to Conti et al.
(2005). The following structural parameters were registered at plot
level: canopy closure (taken using a spherical densiometer), diam-
eter at chest height (DBH, 1.3 m above ground level) for trees with
dbh � 2.5 cm, and tree height (every 5 sampled trees, using a laser
rangefinder; data on structural features are available in Appendix
B). Trees were classified as dominant, co-dominant, dominated or
shrubby and as individual, sucker or standard tree (Tabacchi
et al., 2006). Since the purpose of the study was to compare old
CWS and HF in terms of functional composition, we selected a
set of plant functional traits (Violle et al., 2007) that took into
account both vegetative and reproductive strategies: life form, leaf
anatomy, leaf phenology, earliest flowering period, flowering dura-
tion, diaspora, dispersion, pollination and clonality. We chose traits
for which data were readily available in online databases and the
literature (Pignatti, 1982, 2005; Klotz et al., 2002; Klimešová and
Klimeš, 2006), and then narrowed the list to those available for
all the species in our dataset. Moreover, we considered the Social
Behavior Types (SBT, Borhidi, 1995; Bartha et al., 2008), which
are categories of species sharing the same habitat preference, since
this approach provides a useful and simple method for assessing
the forest ecosystem status (Bartha et al., 2008; Scolastri et al.,
2014). Table 1 reports a description of each trait and the SBT cate-
gories, together with a list of the respective states and data sources.

2.3. Statistical analysis

Functional differences between CWS and HF stands were inves-
tigated considering only the understory layer, which includes herb
and shrub species that grow on the forest floor (height up to
1.5 m). A quantitative ‘‘relevés x trait state abundances” matrix
(Ta, absolute weighted abundances) was obtained by multiplying
‘‘relevés x species abundances” with the binary ‘‘species x trait
states” matrix (Catorci et al., 2013). A Kolmogorov-Smirnoff proce-
dure was conducted for all the variables in order to test the nor-
mality. Because the data did not meet the assumption of a
normal distribution, we performed a Wilcoxon Rank-Sum test to
detect the differences in Ta values between CWS and HF. Before
the test, the Ta matrix was standardized and relativized using
the method proposed by Borcard et al. (2011). A sequential Bonfer-



Table 1
Detailed list of traits and Social Behavior Types, with data source, state codes and
description.

Trait and SBT (Source) State code Details

NP Nanophanerophytes
Life form Ch Chamaephytes
(Pignatti, 2005) H Hemicryptophytes

G Geophytes
T Therophytes

LA_1 Succulent
Leaf anatomy LA_2 Scleromorphic
(Klotz et al., 2002) LA_3 Mesomorphic

LA_4 Hygromorphic

LP_1 Spring green
Leaf phenology LP_2 Summer green
(Klotz et al., 2002) LP_3 Overwintering green

LP_4 Persistent

FD_2 Two months
Flowering duration FD_3 Three months
(Pignatti, 1982) FD_4 Four months

FD_5 Five months
FD_6+ Six or more months

EFP_II February
Earliest flowering duration EFP_III March
(Klotz et al., 2002) EFP_IV April

EFP_V May
EFP_VI June
EFP_VII+ July or later

DIASPO_1 Mericarp
DIASPO_2 Spore

Diaspora DIASPO_3 Seed
(Klotz et al., 2002) DIASPO_4 Fruit

DIASPO_5 Fruit with appendage
DIASPO_6 Frui with appendage/mericarp
DIASPO_7 Aggregate fruit (syncarpous)

DISP_aut Autochory
Dispersion DISP_anem Anemochory
(Pignatti, 1982) DISP_zoo Zoochory

DISP_myr Myrmecochory

IMP_ento Entomophilous
Pollination IMP_anem Anemophilous
(Klotz et al., 2002) IMP_ento1 Ento/anemophilous

IMP_anem1 Anemophilous/self
IMP_ento2 Entomophilous/self

Clonality CLO_0 Not clonal
(Klimešová and Klimeš, 2006) CLO_1 Clonal

SBT 1 Beech forest specialist species
Social behavior type SBT 2 Forest generalist species
(Bartha et al., 2008) SBT 3 Non-forest species

SBT 4 Marginal species
SBT 5 Gap species
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roni correction was applied in order to adjust significance levels to
control Type 1 error rates in multiple testing (Quinn and Keough,
2002). To analyze the association between traits and silvicultural
system, we chose to use constrained multivariate analysis. DCA
was performed to choose the appropriate constrained ordination
method: as the length of the first gradient was < 4 S.D., we decided
to use a linear ordination method (RDA; Borcard et al., 2011) and
we tested the model using permutation tests (999 iterations). Prior
to RDA, a forward selection between Ta matrix and structural data
matrix was done to identify only the structural parameters that
have a significant effect on traits variability; the Ta was used as a
response variables matrix, where the selected structural features
were used as explanatory variables. Prior to DCA, forward selection
and RDA, the Ta matrix was Hellinger-trasformed to avoid the
horseshoe effect, in which double zero (absence) is considered as
a resemblance between sites (Borcard et al., 2011). Adjusted R-
square values were calculated to produce unbiased estimates of
how the independent variables contribute to explain the response
variables (Peres-Neto et al., 2006). The ‘‘relevés x trait states abun-
dances” matrix was done using PCORD 5.0 software (McCune and
Mefford, 2006). The Wilcoxon Rank-Sum test was performed using
‘‘exactRankTests” package. The DCA, forward selection and RDA
were computed using ‘Vegan’ and ‘Packfor’ packages. The transfor-
mation was performed using the ‘‘decostand” function with the
‘‘Hellinger” method, while the standardization and relativization
were performed with ‘‘standardization” in ‘Vegan’ package. All
the analyses were performed using the R-Studio software (version
3.0.3, R Foundation for Statistical Computing, Vienna, Austria.

http://www.R-project.org).
3. Results

3.1. Wilcoxon Rank-Sum test

After the sequential Bonferroni p-value adjustment on the Wil-
coxon Rank-Sum test, the Social Behavior Types and at least one
state for each of the 9 traits showed significant differences
(Table 2). The analysis of Social Behavior Types showed that the
number of species related to forest habitats (SBT1, SBT2) was
higher in HF stands than in old CWS. Among the life forms, geo-
phytes and hemicryptophytes (G, H) showed higher abundance
in HF stands, while the other life forms proved to be better dis-
tributed between the two systems. Regarding vegetative traits,
the analysis showed a higher number of species with mesomorphic
and higromorphic leaves (LA3, LA4) in HF, together with summer
green (LP 2) and persistent green (LP 4) leaves. In terms of repro-
ductive traits, HF showed a higher number of species that start
flowering in May (EFP 5), and species with short flowering duration
(FD 2, FD 3). Differences in pollination strategies showed higher
frequency of entomophilous (ImpEnto) and entomophilous/selfish
(ImpEnto/Self) species in HF. Dispersal unit comparison indicated
significant differences only for species with mericarps (DIASPO
1), which were higher in HF, while other categories showed a com-
parable distribution. In terms of dispersal strategy, there was a
higher contribution of species which use animals as dispersal vehi-
cle (DISP ZOO) in HF, together with species with autochorous dis-
persion (DISP AUTO). Both clonal (CLO 1) and non-clonal (CLO 0)
species showed higher abundance in HF.

3.2. RDA analysis

Of all the structural parameters tested through the forward
selection, only the mean height and the number of individuals
turned out to be significant explanatory variables of the whole trait
variability. The results of the RDA analysis are shown in a graph in
Fig. 2. The total explained variance resulting from RDA ordination,
constrained by these two structural parameters, was 4.3%
(adjusted R-squares; P = 0.002) with 0.006 and 0.002 for the eigen-
values of the first two axes. The first axis explained the structural
differences and provided a clear separation between the two silvi-
cultural systems. Old CWS stands were concentrated toward the
positive part of the first axis and the negative part of the second
axis, while HF stands were concentrated toward the negative part
of the first axis and the positive part of the second axis. The distri-
bution along the second axis did not clearly depend on the silvicul-
tural system but, on the basis of the trait states dispersion, may be
interpreted as a canopy closure gradient, as in the negative part
there were traits related to open environment strategies such as
anemochory, wind/self-pollination, terophytes, late flowering per-
iod (flowering in June, July, or later), seeds and fruit with appen-
dages, long flowering duration, scleromorphic leaf anatomy. Also
found on this side were the non-forest (SBT 3), marginal (SBT 4)

http://www.R-project.org


Table 2
Wilcoxon Rank-Sum test results. The table presents the significant trait states, their detailed description, median and standard deviation (given in parentheses) for each system
(CWS-coppice with standard; HF-high forest) and the p-level values (adjusted after Bonferroni correction). The column ‘‘mature forest traits” highlight the traits considered
typical of mature forest conditions.

Traits and SBT state code Description Mature forest traits CWS HF p-level

G Geophytes � �0.31 (1.01) 0.40 (0.83) <0.001
H Hemicryptophytes �0.56 (0.73) 0.20 (1.11) <0.001
LA_3 Mesomorphic leaves � �0.58 (0.83) 0.23 (1.0) <0.001
LA_4 Hyghromorphic leaves � �0.44 (0.89) 0.40 (0.90) <0.001
LP_2 Summer leaves �0.43 (0.94) 0.43(0.96) <0.001
LP_4 Persistent green leaves �0.48 (0.71) 0.20 (1.1) <0.001
FD_2 Two months flowering � �0.55 (0.8) 0.48 (0.98) <0.001
FD_3 Three months flowering � �0.51 (0.88) 0.64 (0.95) <0.001
EFP_5 Earliest flowering in May � �0.49 (1) 0.45 (0.85) <0.001
CLON_0 Not clonal species �0.63 (0.68) 0.32 (0.95) <0.001
CLON_1 Clonal species � �0.49(1.11) 0.30 (0.85) <0.001
DIASPO1 Mericarps �0.75 (0.76) 0.64 (1) <0.001
DISP_auto Autochory � �0.61 (0.8) 0.76 (0.97) <0.001
DISP_zoo Zoochory �0.57 (0.8) 0.51 (1) <0.001
IMP_ento1 Entomophilous pollination � �0.43 (1.1) 0.43 (0.91) <0.001
IMP_ento2 Ento/selfish pollination � �0.59 (0.62) �0.74 (1) <0.001
SBT1 Beech forest specialist �0.32 (0.74) 0.45 (1.1) <0.001
SBT2 Forest generalist �0.48 (0.92) 0.37 (0.90) <0.001

Fig. 2. Redundancy analysis ordination graph. Number of individuals (Individuals) and mean height (height.mean) were used as constraining variables. Old coppice-with-
standards (old CWS) plots are triangles, while high forest stand (HF) plots are dots; traits are written in black. On the lower right part of the diagram lies the old CWS centroid,
marked with the number 1, while on the upper left part lies the HF centroid, marked with the number 2. The trait and sbt codes shown in the graph directly refer to those
explained in Table 1.
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and gap (SBT 5) species as Social Behavior Types. Conversely, in the
upper part of the second axis, trait states were mainly related to
shady environments: short flowering duration, mesomorphic and
higromorphic leaf anatomy, chamaephytes, hemicryptophytes,
geophytes and nanophanerophytes, spring and summer leaf phe-
nology, early flowering (flowering started in February and May),
autochory, spores as diasporas, entomophilous/self-pollination,
and forest generalist species (SBT 2) as Social Behavior Types. On
the basis of their position in the RDA space, only 4 trait states were
associated with old CWS, while 16 trait states were associated with
HF stands. Among the vegetative traits, old CWS showed associa-
tion only with scleromorphic leaves (LA 2) while, in terms of repro-
ductive traits, it was associated with anemophilous pollination
(IMP_ANEM), April as earliest flowering period (EFP_IV), and fruit
with appendages as dispersal unit (DIASPO 5). Old CWS showed
no particular association with specific life form or specific Social
Behavior Types category. Among the trait states related to old
CWS stands, those represented by a higher species number were
zoochorous dispersion and fruits with appendages. Among the veg-
etative traits, HF stands were found to be associated with chamae-
phytes and geophytes (Ch and G, respectively). HF were also
characterized by species with hygromorphic leaves (LA 4) that
green in spring and summer (LP 1 and LP 2). In terms of reproduc-
tive traits, HF stands showed association with species with an early
flowering period ranging between February, March and May (EFP
II, EFP III and EFP V, respectively) and with both short (FD 3) and
long (FD 5 and FD 6+) flowering duration. Pollination was mainly
carried out by insects (IMP_ENTO 2), even though there was also
an incidence of self-pollination, and the associated dispersal units
were mericarps (DIASPO 1), spores (DIASPO 2) and fruits (DIASPO
4), while there was no specific association with a particular disper-
sion trait. In terms of Social Behavior Types, HF was found to be
related to generalist forest species (SBT 2).
4. Discussion

4.1. Vegetative plant traits

In terms of vegetative plant traits, the HF stands showed greater
affinity to mature forest conditions, as described by Graae and
Sunde (2000) and Aubin et al. (2007). In fact, when the dense
canopy negatively affects light penetration to the forest floor,
spring green leaves are one of the main strategies for light acquisi-
tion in woods (Decocq et al., 2004; Catorci et al., 2013). Geophytes
(e.g. Cardamine sp. pl., Galium odoratum, Lathyrus vernus, Anemone
apennina), which have an earlier growing season than trees, adopt
the same strategy. Otherwise, HFs were also highly represented by
species such as Aremonia agrimonoides, Lathyrus sp. pl., Pulmonaria
apennina and Viola reichenbachiana, characterized by summer
green leaves, with adaptations to shady and moist conditions, like
meso-hygromorphic leaves in Cardamine sp. pl., Anemone sp. pl.
(Thomas and Packham, 2007). Most of the chamaephytes found
in HF stands showed a persistent green strategy, allowing them
to photosynthesize throughout the year without seasonal tissue
regrowth. The higher abundance of hemicryptophytes, which
include both forest species (e.g. Aremonia agrimonoides, Carex
pilosa, Luzula sylvatica, Sanicula europaea) and open habitat related
species (e.g. Brachypodium genuense, B. rupestre, Sesleria nitida),
cannot be clearly explained, but could be interpreted as the result
of both environmental conditions (e.g. cold stress) and land use
history. In fact, the presence of hemicryptophytes related to open
habitats could be due not only to forest management that recently
created several canopy gaps, but also to the progressive abandon-
ment of land use and the resultant ongoing landscape transforma-
tion with a mosaic of meadows and woods, as documented by
previous studies (Scolastri et al., 2014). Old coppices did not show
a particular trait association, except with scleromorphic leaves (e.g.
Sesleria nitida, Asphodelus macrocarpus, Poa nemoralis). This trait
state is generally related to sunny and open habitat conditions
and, in a forest context, can also be seen as an indicator of dis-
turbed habitat (i.e. SBT 3, Bartha et al., 2008; Catorci et al., 2012)
or one belonging to the forest edges.

4.2. Reproductive plant traits

The similarity of HF stands to more mature and stable forest
conditions is also reflected by reproductive traits; in fact, HF stands
were characterized by early flowering species (Anemone sp. pl,
Corydalis cava, Euphorbia amygdaloides, Galanthus nivalis, Galium
odoratum, Viola reichenbachiana), often paired with short flowering
duration (Alliaria petiolata, Anemone apennina, Cardamine sp. pl.,
Galium odoratum). These trait states are typical adaptations of
mature forest, where the species exploit temporal reproductive
niches when trees are still leafless (Graae and Sunde, 2000). The
temporal flowering pattern is also associated with the pollination
type: HF stands were more represented by species pollinated by
insects (Galium odoratum, Rubus hirtus, Viola reichenbachiana), a
common adaptation for those species that grow under canopy clo-
sure during the summer season, while wind-pollinated species
proved to be related to old CWS stands (Fig. 2). In this case, anemo-
philous pollination seems to have a double meaning, depending on
the species involved: it can be a winning strategy in early spring,
when canopy closure does not affect wind penetration (Mercurialis
perennis, Melica uniflora, Carex pilosa) or in the summer, as the cut
frequency and severity creates wide clearings (Brachypodium sp. pl.,
Festuca sp. pl.) suggesting, in this case, that coppicing has a higher
impact than HF management. The ability of plants to disperse
seeds is another critical factor to ensure the persistence of the spe-
cies over time, and the relative adaptations are good indicators of
the habitat conditions. Zoochory and anemochory are both long
distance seed dispersion strategies considered the most effective
colonizers of disturbed habitat (McLachlan and Bazely, 2001;
Mabry et al., 2000; Dzwonko and Loster, 1992). The results for zoo-
chory were contradictory: despite being related to old CWS stands
(Fig. 2), zoochorous species (Calamintha grandiflora, Carex pilosa,
Corydalis cava, Festuca heterophylla, Galium odoratum, Lilium bulb-
iferum, Mercurialis perennis, Polygonatum odoratum) showed higher
frequency in HF stands (Table 2), a finding that highlights the
importance of this dispersion strategy in both systems. Neverthe-
less, this predominance in HF stands may also be explained by
the ability of zoochorous species to persist through vegetative
propagation, as most of these species keep rhizomes. In contrast,
species with short dispersal strategy characterized only HF stands:
autochorous and myrmecochorous species are common in mature
forests, and seem strongly dependent on shady and humid condi-
tions (Matlack, 1994; Bossuyt et al., 1999; Aubin et al., 2007,
2009). In agreement with Campetella et al. (2011), our results indi-
cate that short distance seed dispersal became increasingly impor-
tant along the forest recolonization process, from the last cut to
closed canopy conditions. In fact, species with this ability are usu-
ally shade-tolerant and flower in spring and summer. The diaspora
type mainly reflects the dispersion pattern, as high forests showed
higher association with mericarps, related to both autochorous
(glabrous seeds) and zoochorous dispersion (thorny seeds), and
fruits. As seed dispersal is considered crucial for recolonization,
the presence of clonal organs is strictly related to the species per-
sistence in stable and shady environments (van Groenendael et al.,
1996), when sexual reproduction is hindered (Silvertown, 2008).
Our findings agree with this trend, as we found a higher proportion
of clonal species in HF than in old CWS. In fact, the clonal strategies
seek to accumulate resources in below-ground structures such as
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bulbils or rhizomes, which can also act as vegetative spread to
explore the environment, since resources are not homogeneous
(Canullo et al., 2011; Catorci et al., 2013).

4.3. Social Behavior Types

Finally, the same trend found with vegetative and reproductive
traits was mirrored well by Social Behavior Types (SBTs), which
cannot be considered traits, as they are characterized by species
sharing similar preferences to the associated habitats, that is, based
on their similar phytocoenological role (Nagaike et al., 2003; Moola
and Vasseur, 2004), as determined by regional synecology and
their role in the local floras (Pignatti 1982, 1998). HFs were found
to be more highly associated with specialist (SBT1) and generalist
(SBT2) forest species than old CWS. Instead, we did not observe sig-
nificant differences among the stands for the other SBTs: non-
forest species (SBT3), marginal (SBT4) and gap species (SBT5)
showed similar abundances in both stands. This lack of difference
could be explained by the quick recovery of the canopy closure,
which markedly reduces the abundance of all the light-requiring
species (Howard and Lee, 2003).

4.4. Old CWS conversion to HF

From the functional point of view, the results confirm our
hypotheses that the twomanagement types showed (b) differences
in trait states abundance (see Table 2), with a (c) dominance of those
states related to mature forest conditions in HF. The results would
seem to highlight two points: first, HF stands shared the same func-
tional composition with mature forest ecosystems. Second, our
hypothesis (a) is rejected, as oldCWSproved to have a good recovery
from disturbance, since they showed the same trait states found in
HF stands, but with lower quantitative value (Table 2). As already
hypothesized in Scolastri et al. (2017), they probably have not had
enough time to spread and become abundant. Other studies dedi-
cated to the ecological characteristics of the old-growth forest
(Burrascanoet al., 2011, 2013) and related to the functional transfor-
mation along temporal gradients in the montane beech forest
(Bartha et al., 2008; Campetella et al., 2011) clearly show the
Table A1
The stratification procedure. Old CWS are old coppice-with-stand
and slope were created considering warmer (SW) and cooler (NE)
points were randomly selected on the basis of this stratification,
above-mentioned classes inside the two management categories.

Warmer
System Number of plots (SW)

10 •
10 •
10

10

10 •
10 •
10

10

Aspe

HF

old CWS
progressive increase of some significant species trait states, such
as short-distance seed dispersal, shade- and stress-tolerant atti-
tudes, increase of geophytes and forest specialist species (SBT1), that
highlight a more efficient resource allocation strategy. The increase
of shade-tolerant species (mostly geophytes dispersed by ants) was
reported for unmanaged and ancient forests (Verheyen et al., 2003;
Aubin et al., 2009; Campetella et al., 2011). Our findings are consis-
tentwith this trend related to forestmanagement:while the coppice
involves shorter turns and consequently a higher impact on the
understory layer, the conversion toHF determines over time a selec-
tion of the trait states adapted to shaded and moist environmental
conditions. These species are stress-tolerant (sensu Grime, 2001)
and/or late-successional, which are characteristics of old-growth
forests (Hermy et al., 1999), and, in general, are characterized by
short-distance dispersal. The fact that the differences found
between old CWS and HF stands are prevalently in terms of trait
abundance only, can be explained by considering that herbaceous
vegetation in deciduous forests generally recovers over a time span
of between 50 and 80 years (Metzger and Schultz, 1984; Duffy and
Meier, 1992). Moreover, the recovery of the herb layer in the old
CWS probably has been favored by the patchy distribution of the
two silvicultural management types in the area, similar to findings
in other Apennine beech forests (Canullo et al., 2017). HF stands
might have acted as a source of ‘‘true” forest species, as demon-
strated by the coexistence of the SBT 1 and 2 in these forest stands,
as indicated above. On the other hand, HF stands showed a certain
relationship with trait states related to disturbed habitats (e.g. zoo-
chorous species).

5. Conclusions

The present investigation characterized old CWS and HF stands,
assessed the relationship between traits and management, high-
lighted significant differences in the functional trait composition
in these management systems, and confirmed some of our
hypotheses. The analysis showed differences in the abundances
of understory trait states, and HF stands showed a functional
composition that is similar to that reported for natural unmanaged
forests (Graae and Sunde, 2000; Kenderes and Standovár, 2003;
ards, while HF are high forest stands. Classes of aspect
aspect and lower (0–30�) and higher (31–45�) slope. The
in order to have an homogeneous representation of the

Cooler Lower Higher
(NE) (0-30) (31-45)

•
•

• •
• •

•
•

• •
• •

ct Slope (°)



Table A2
List of the parameters recorded for the 66 plot used for the analysis. Old CWS are old coppice-with-standards, while HF are high forest stands. Altitude was
recorded using a GPS, aspect and slope were recorded using a compass with clinometer and canopy closure was detected using a spherical densiometer.

Plot code System Altitude (m) Aspect (°) Slope (°) Rockiness (%) Stoniness (%) Canopy closure  (%)

D01 Old CWS 1417 360 30 2 2 97
D02 Old CWS 1694 60 22 0 1 100
D03 Old CWS 1449 10 18 2 5 100
D04 Old CWS 1590 45 12 0 0 99
D05 Old CWS 1514 50 15 0 7 100
D06 Old CWS 1799 50 18 2 9 100
D10 Old CWS 1811 100 30 0 4 99
D11 Old CWS 1586 310 10 0 5 100
D12 Old CWS 1522 360 30 0 7 97
D13 Old CWS 1639 270 30 0 8 100
D15 Old CWS 1329 210 30 1 4 100
D19 Old CWS 1523 23 30 11 1 99
D22 Old CWS 1375 240 28 0 2 98
D23 Old CWS 1696 120 22 1 4 99
D25 Old CWS 1347 120 40 2 3 98
D27 Old CWS 1711 40 34 0 3 100
D28 Old CWS 1671 45 33 0 9 100
D29 Old CWS 1333 40 35 0 15 100
D30 Old CWS 1830 90 33 0 12 99
D31 Old CWS 1688 45 32 0 8 93
D32 Old CWS 1866 40 33 0 17 99
D33 Old CWS 1773 340 38 0 4 100
D35 Old CWS 1692 60 38 0 2 99
D36 Old CWS 1319 320 32 5 4 100
D37 Old CWS 1436 210 36 0 6 100
D40 Old CWS 1448 180 41 0 2 100
D42 Old CWS 1408 290 40 4 15 100
D44 Old CWS 1579 175 36 2 7 100
D46 Old CWS 1196 150 35 0 12 100
D55 Old CWS 1762 350 28 1 7 100
D62 Old CWS 1631 170 25 1 5 100
D68 Old CWS 1681 310 18 0 4 99
D72 Old CWS 1677 160 18 0 9 96
D91 Old CWS 1239 29 43 9 2 100
D93 Old CWS 1312 160 36 0 10 99
D95 Old CWS 1649 290 33 2 2 95
D100 HF 1485 285 40 0 4 98
D101 HF 1624 130 40 0 6 100
D50 HF 1422 10 20 0 2 100
D58 HF 1713 330 20 0 9 100
D74 HF 1485 40 38 0 5 100
D75 HF 1553 330 35 0 2 95
D77 HF 1503 340 38 0 32 100
D78 HF 1857 80 35 11 10 99
D80 HF 1826 30 31 0 27 99
D84 HF 1533 350 40 1 5 100
D85 HF 1512 250 40 0 5 99
D87 HF 1510 280 47 0 6 100
D88 HF 1518 245 35 0 3 100
D96 HF 1468 306 45 2 23 99

DF05 HF 1520 210 3 0 19 99
DF06 HF 1556 50 6 0 3 100
DF07 HF 1481 20 20 0 3 100
DF10 HF 1482 220 10 0 12 100
DF11 HF 1499 280 10 0 2 100
DF12 HF 1565 270 10 0 7 100
DF13 HF 1525 240 15 0 9 100
DF14 HF 1527 222 18 0 13 100
DF16 HF 1564 20 15 0 5 99
DF17 HF 1623 70 15 0 6 100
DF18 HF 1624 20 10 0 34 100
DF19 HF 1448 275 5 0 1 100
DF20 HF 1414 210 10 0 2 100
DF21 HF 1574 290 20 0 31 100
DF24 HF 1582 250 10 0 13 100
DT01 HF 1544 190 20 0 4 100
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Table B1
Structural variables and Ellenberg Indicator Values for each plot: basal area (m2/ha), mean diameter at breast height (DBH; cm2), mean tree height (m), the number of individual
trees (Individuals), Light (L), Temperature (T), Continentality (C), Moisture (M), Soil Reaction (R) and Nitrogen (N). In table, CWS are coppice with standards, while HF are high
forests.

Plot code System Basal area DBH mean Height mean Individuals L T C M R N

D01 Old CWS 1.12 9.59 9.44 47.00 4.20 5.20 4.50 4.40 5.20 4.80
D02 Old CWS 1.26 6.17 7.19 106.00 4.70 5.60 4.70 4.40 5.90 4.70
D03 Old CWS 1.65 10.91 9.68 29.00 4.26 4.21 4.26 4.89 4.95 5.63
D04 Old CWS 1.35 13.51 13.15 30.00 3.93 4.29 4.36 5.00 5.86 5.00
D05 Old CWS 1.06 8.80 8.55 61.00 3.78 4.28 4.50 4.11 6.00 4.78
D06 Old CWS 2.01 10.67 10.84 53.00 5.10 4.75 4.55 4.50 5.05 4.70
D10 Old CWS 1.51 9.53 8.69 39.00 6.75 3.60 4.15 4.05 4.85 3.90
D11 Old CWS 1.12 9.15 8.25 52.00 3.80 5.40 4.80 4.40 6.10 5.70
D12 Old CWS 1.29 7.71 9.54 88.00 4.47 4.84 4.84 5.05 6.16 4.68
D13 Old CWS 1.36 10.38 10.17 32.00 4.58 4.89 4.79 4.63 5.84 5.00
D15 Old CWS 1.11 10.88 9.39 25.00 5.36 4.57 4.57 4.29 6.36 3.93
D19 Old CWS 1.03 8.76 8.90 61.00 4.92 5.67 4.83 5.08 5.75 5.25
D22 Old CWS 1.71 12.24 11.75 36.00 5.43 5.18 4.53 4.25 5.58 4.40
D23 Old CWS 1.61 7.12 8.46 123.00 4.20 6.00 4.40 4.60 6.20 4.20
D25 Old CWS 1.33 9.19 9.62 53.00 5.31 5.15 4.15 4.31 6.08 4.08
D27 Old CWS 1.45 8.46 7.19 43.00 4.79 4.93 4.71 4.64 5.79 4.64
D28 Old CWS 1.24 7.78 8.68 48.00 4.36 4.57 4.71 4.43 4.93 4.93
D29 Old CWS 1.06 8.93 11.14 64.00 6.50 4.75 4.75 4.25 6.00 3.13
D30 Old CWS 1.48 10.69 8.19 34.00 4.21 4.79 4.71 4.79 5.50 4.71
D31 Old CWS 1.26 8.39 7.20 22.00 5.11 5.22 4.61 4.44 5.44 3.94
D32 Old CWS 1.22 10.02 8.07 59.00 4.68 4.95 4.68 4.82 6.00 4.77
D33 Old CWS 1.30 7.64 8.40 63.00 4.57 4.33 4.76 4.90 5.33 5.24
D35 Old CWS 1.47 8.34 6.77 68.00 3.75 4.63 4.88 4.31 5.88 4.75
D36 Old CWS 1.32 10.18 10.17 67.00 4.83 4.67 4.83 4.83 5.67 4.17
D37 Old CWS 1.04 11.80 8.69 43.00 5.12 5.29 4.65 4.24 6.18 3.47
D40 Old CWS 1.30 10.10 7.92 52.00 4.33 4.22 4.39 4.28 6.17 4.94
D42 Old CWS 1.52 10.47 10.06 43.00 4.56 4.11 4.78 4.33 6.22 5.22
D44 Old CWS 0.99 9.21 8.47 41.00 5.26 4.96 4.74 4.39 5.65 3.57
D46 Old CWS 1.18 10.26 10.05 44.00 5.14 5.86 4.57 4.00 7.29 4.14
D55 Old CWS 1.45 7.27 8.89 67.00 4.82 5.27 4.27 4.55 6.82 5.36
D62 Old CWS 1.71 7.54 8.96 103.00 4.93 5.13 4.67 4.27 5.87 4.00
D68 Old CWS 1.63 8.09 10.53 72.00 4.18 3.91 4.73 5.64 5.36 5.73
D72 Old CWS 1.39 7.28 13.14 105.00 5.15 4.77 4.62 4.46 5.85 4.15
D91 Old CWS 0.89 9.28 8.02 55.00 5.13 5.07 4.60 3.80 5.93 3.67
D93 Old CWS 1.40 10.88 11.73 37.00 5.00 8.00 5.00 5.00 7.00 6.00
D95 Old CWS 1.14 7.65 7.81 43.00 4.57 4.50 4.79 5.14 6.36 4.93
D100 HF 0.95 16.79 11.75 18.00 5.00 4.73 4.40 4.40 5.60 4.73
D101 HF 1.44 16.94 10.30 29.00 4.65 4.71 4.35 4.53 5.59 4.65
D50 HF 2.12 18.68 19.75 46.00 3.89 4.50 4.72 4.56 6.33 5.06
D58 HF 1.89 26.15 16.40 17.00 5.19 3.67 4.36 4.75 5.08 4.72
D74 HF 1.87 26.37 17.33 27.00 3.56 4.56 4.78 4.67 5.33 4.67
D75 HF 0.99 18.22 13.83 24.00 4.35 4.80 4.75 4.85 5.60 5.35
D77 HF 1.64 15.04 13.10 27.00 3.83 4.83 4.67 5.00 6.00 4.75
D78 HF 1.53 14.89 8.00 36.00 5.50 4.00 4.68 4.76 5.24 5.00
D80 HF 2.05 38.60 12.67 15.00 5.94 3.76 4.82 5.06 4.06 4.53
D84 HF 1.28 15.76 9.60 40.00 4.59 4.53 4.82 4.65 6.12 4.88
D85 HF 1.11 14.24 10.05 41.00 5.41 4.63 4.52 4.59 5.63 3.67
D87 HF 1.71 19.62 11.10 33.00 4.55 4.42 4.52 4.45 6.26 4.26
D88 HF 1.84 22.00 12.33 31.00 3.60 5.20 4.40 4.20 6.80 3.40
D96 HF 1.34 23.73 12.33 18.00 4.56 4.83 4.72 4.61 5.78 5.17
DF10 HF 1.43 28.10 20.00 20.00 4.13 4.67 4.53 4.73 5.53 4.53
DF11 HF 1.50 16.35 16.29 25.00 3.93 4.47 4.73 4.40 5.67 4.73
DF12 HF 1.51 24.88 18.00 24.00 4.00 4.30 4.75 4.80 5.95 4.85
DF13 HF 1.69 28.32 17.25 22.00 3.89 4.74 4.74 4.42 5.63 4.95
DF14 HF 1.21 23.20 15.00 22.00 3.96 4.68 4.57 4.46 5.39 5.11
DF16 HF 1.48 17.36 10.27 40.00 4.11 4.84 4.47 3.95 5.84 5.11
DF17 HF 1.43 23.33 13.75 14.00 4.47 4.93 4.60 4.53 5.60 5.33
DF18 HF 1.39 16.84 11.86 17.00 4.64 5.21 4.71 4.43 5.57 5.64
DF19 HF 0.96 19.81 14.17 29.00 4.06 4.94 4.67 4.89 5.78 5.61
DF20 HF 1.03 18.44 13.71 31.00 4.71 4.79 4.54 4.54 5.83 4.58
DF21 HF 1.87 15.18 11.00 28.00 4.05 4.24 4.71 4.71 5.67 4.43
DF24 HF 1.14 16.22 14.20 45.00 4.50 4.92 4.42 4.88 5.71 5.08
DF5 HF 1.47 23.37 19.00 30.00 4.57 4.22 4.74 4.65 5.43 4.65
DF6 HF 1.09 16.15 14.22 40.00 4.33 4.44 4.89 4.83 6.33 5.17
DF7 HF 1.45 22.52 19.17 30.00 4.17 4.56 4.72 4.89 5.56 5.17
DT01 HF 1.28 13.78 13.58 37.00 4.46 4.50 4.71 4.42 4.67 4.13
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Verheyen et al., 2003; Aubin et al., 2007). This leads to the consid-
eration that the silvicultural practice of HF management has a
lower impact on understory composition and, by maintainingmore
stable microclimatic condition over time, favors the persistence of
‘‘ancient forest” species that show such trait states as mesomor-
phic and hygromorphic leaves, short and earliest flowering dura-
tion, entomophilous and/or selfish pollination, as well as
autochorous dispersion.



Table B2
Mean monthly values of rainfall (mm) and temperature (�C) taken from the Borgorose climatic station (732 m a.s.l.), during the years 2012–2013.

Rainfall Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2012 30 110.8 23.8 148.8 49.6 9 23.6 46.2 145.6 164.8 183.4 122.8
2013 123.4 122.8 236.6 123 160.2 97.8 113.2 29.4 87 109.8 198 53.6

Temperature Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2012 1.9 -0.7 8.1 10 14 18.7 21.2 22.1 16.4 12.7 8.9 1.6
2013 2.6 1.3 6 11.1 12.2 16.1 19.3 20 15.8 13.5 7.9 4.3
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On the other hand, old CWS also showed the same ‘‘mature for-
est” traits, even if with lower abundance. This indicates that
despite the higher initial disturbance pressure, once old coppices
have been abandoned they tend over time to evolve naturally
towards mature forest functional conditions. As also reported in
Scolastri et al. (2017), the understory maintains a memory of the
past management regime, and species with functional characteris-
tics related to disturbed conditions persist (and coexist) with spe-
cies related to mature habitats. This coexistence is guaranteed
locally by the remarkable geomorphological variability of the study
area, especially in terms of altitude and slope, which ensures the
maintenance of plot-scale heterogeneity, as evidenced in other
Fagus Apennine forests (Campetella et al., 2011; Canullo et al.,
2017).

We can conclude that functional trait analysis integrated with
SBTs has proven to be a powerful tool for discovering evidence
not clearly detected by merely floristic approaches. In fact, the
measurement of species richness alone can lead to misleading con-
clusions for conservation purposes (Bartha et al., 2008).
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Appendix A

The following table shows the stratification procedure used to
select the relevés points, and the stational parameters’ categories
considered for the selection.
Appendix B

In this section are provided more information about the struc-
tural parameters, the rainfall and temperature data collected by a
local climatic station, and a table with the Ellenberg Indicator
Values for each plot.
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