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Influences of mature Pinus nigra plantations on the floristicvegetational composition along an altitudinal gradient in the central
Apennines, Italy
Plantations of conifers are widespread in Europe, often occurring outside of
their native range. Reduction in species richness linked to increases in altitude
has been previously reported for natural forests, although there is a lack of
specific studies for mature pine plantations in both the Apennines and Europe.
The aim of this study was to quantify the long-term effects of the extensive
Pinus nigra plantations carried out between 1900 and 1956 in protected areas
on floristic richness, species composition, and ecological traits of the understorey vegetation. We compared 20 mature pine plantations selected along an
altitudinal gradient (700-1700 m a.s.l.) with neighbouring deciduous natural
forests dominated by Ostrya carpinifolia and Fagus sylvatica, which represent the most widespread forest types in the central Apennines. The results
showed that floristic richness follows two distinct altitude trends in pine plantations and natural forests. A strong reduction in species richness with elevation was observed in the natural forests, as well as a consequent increase in
the local contribution to beta diversity, with a turnover of the ecological traits
of the species. Contrastingly, no significant changes in richness and beta diversity were found for pine plantations in the same altitude range. Indeed, mature pine plantations up to 1400-1500 m a.s.l. showed the presence of many
heliophilous and thermophilous species that are usually distributed at lower
elevation. We discuss how such pine plantations can mitigate the effect of increasing altitude which is usually observed in the natural forests, slowing
down the typical diversification of the forest communities along the altitudinal
gradient.
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Introduction

Since the end of the 19 century, many areas throughout Europe have undergone
extensive planting of conifers. Hydrological
protection, wood and timber production,
and rural development perspectives promoted by the Community Agriculture Policy in 1992 were in general the main reasons for these forestation activities. The total area of planted forests with such protective and productive functions in Europe
was reported to be 6,027 ×10 3 ha and 21,651
th

×103 ha, respectively (FAO 2006).
The conifer species used in these forestation activities were often established outside of their native range and on nonforested land originally covered by broadleaved species. The most widespread nonnative tree genera and species were pines
(Pinus spp.), whereby species from this
genus currently cover approximately 1.7
million ha in Europe (Forest Europe 2015).
Recently, the main focus has been on the
conversion of pine plantations into natural
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broad-leaved forests. For ecological and
economic reasons, the integration of natural regeneration processes into conversion
management is considered an important
task (Zerbe 2002).
Many studies of these forest communities were focused on silvicultural aspects,
and some of these were aimed at renaturalisation (Mosandl & Küssner 1999). Although less numerous, vegetation studies
have also been published for European
countries, such as those on Pinus pinaster
and Pinus halepensis in Italy (Chiarucci & De
Dominicis 1995, Baiocco et al. 1996). Finally,
many studies have highlighted the effects
of pine plantations on biodiversity. The biodiversity of these communities depends on
numerous abiotic and biotic ecological factors, such as climate, former land cover,
tree layer cover, competitive/facilitative
species interactions, management, and distance from natural forests (Carnus et al.
2006, Gómez-Aparicio et al. 2009). It has
been shown that forests of artificial origin
have lower species richness than natural
forests (Barlow et al. 2007), although some
authors highlighted the importance of pine
plantations in biodiversity conservation
and restoration of forest species through
iForest 13: 279-285
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positive microclimate and biotic interactions (Kunstler et al. 2007). In particular,
mature pine plantations established on
previously forested lands are generally expected to support higher levels of diversity, and, in the long term, they can develop a structural complexity that is similar
to that of native forests (Carnus et al.
2006, Brockerhoff et al. 2008, Bremer &
Farley 2010, Ottaviani et al. 2015), as their
favourable microclimates, litter and humus
layers are more conducive to native plant
colonisation (Geldenhuys 1997, Brockerhoff et al. 2008).
So far, a few studied focused on the biodiversity of forest plantations along environmental gradients. For natural forests, a
decline in species richness has been demonstrated with increasing altitude, both
in tropical forests (Vazquez-García & Givnish 1998) and in temperate forests (Sharma et al. 2009, Sabatini et al. 2018, Scolastri
et al. 2014), with rare exceptions for temperate fire-beech forests in central Europe
(Hrivnák et al. 2014). Specific studied on
pine plantations are generally lacking for
both the Italian Apennines and Europe, except for those of Gómez-Aparicio et al.
(2009) on Pinus spp. for the Iberian Peninsula. These authors investigated the biodiversity of pine plantations along an altitudinal gradient with a Mediterranean climate
on the Sierra Nevada, showing that species
richness decreased with increasing altitude
following a Gaussian pattern (Gómez-Aparicio et al. 2009), similar to that seen for
the natural forests of the western Mediterranean (Olthoff et al. 2016). Their pine plantations also appeared to be in line with the
general distribution of species richness
commonly reported in the literature (Rahbek 1995).
In Italy, Pinus nigra s.l. has been widely
used in forestation activities since the early
1900s (Amorini & Fabbio 1992, Nocentini
1999). In particular, Pinus nigra subsp. nigra
has been employed until the 1950s for extensive afforestation of non-forested areas
on the Apennines at elevation from ~600
to 1600 m a.s.l., with the aim of guaranteeing hydrogeological protection (so as to
quickly cover the soil) and satisfying the socio-economic needs of local populations
(timber production, new jobs, qualified
manpower, etc.), especially in mountain
marginal areas (Cantiani et al. 2018). In this
context, the choice of establishing Pinus nigra subsp. nigra outside of its native range
(i.e., outside of its south-eastern Europe
distribution) in areas with the potential for
deciduous forests was favoured by its ease
of growth in the nursery and its distinctly
pioneering characteristics (Cantiani et al.
2005).
Pine-dominated forest communities are
widespread along the Apennines, covering
about 28,000 ha from Liguria in the north
to Calabria in the south (INFC 2007). This is
especially the case for montane southern
slopes, where the anthropic effects over
the centuries have been more intense, as
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demonstrated in a recent study on the current limits of forests in the Apennines (Bonanomi et al. 2018). In general, these artificial stands were not managed, thus they
underwent the natural dynamic processes
of restoration by the native vegetation, as
it is particularly obvious in mature pine
plantations (Allegrezza et al. 2013, Ottaviani et al. 2015). Additionally, in some
cases mature pine plantations host rare
forest plant species of biogeographic interest in the Apennines, such as the orchid
Goodyera repens (Allegrezza et al. 2014)
which is at the southern limit of its native
range in Europe. Furthermore, due to their
current structure and species composition,
these pine plantations are the preferential
habitat for many species of birds, including
the finch Loxia curvirostra L. which is included in Annex II of Habitats Directive
92/10 (Benkman & Parchman 2009).
The aim of this study was to investigate
the extensive Pinus nigra plantations carried out between 1900 and 1956 on nonforested areas in the Apennines with a
temperate climate and the potential for deciduous forests. We quantified the longterm effects of pine plantations on species
richness, floristic compositional diversification (i.e., beta-diversity), and ecological
traits of the vegetation (i.e., local contributions to beta-diversity, LCBD). This was
achieved by comparing pine plantations
along an altitudinal gradient of 1000 m
(from 700 to 1700 m a.s.l.) with neighbouring deciduous natural forests, which are
dominated by Ostrya carpinifolia and Fagus
sylvatica and represent the most widespread forest vegetation community in the
Apennines. We expected pine plantations
to show a lower biodiversity in comparison
to adjacent natural forests, and this trend
to be affected by the altitude.

Material and methods
Study site selection and description

We preliminarily identified 70 sites across
the extensive areas of Pinus nigra plantations established between 1900 and 1956 in
a sector of the central Apennines (central
Italy) between 43° 47′ 46.69″ N and 41° 46′
47.43″ N of latitude and 12° 19′ 59.65″ E and
13° 55’ 59.70″ E of longitude. This was
achieved through the analysis of cartographic documents of the Italian Military
Geographic Institute and using historical
photographs (http://www.igmi.org).
Site selection was carried out based on a
series of parameters related to the diversity and floristic composition of pine plantations (Carnus et al. 2006, Gómez-Aparicio
et al. 2009): time of planting; type of planting (pure or mixed); management; tree
layer coverage; and distance from native
forests. Preliminary analyses using a Geographic Information System (ArcGIS® v.
10.0 – ESRI, Redlands, CA, USA) allowed to
select pine plantation sites showing the following characteristics (see also Tab. S1 in
the Supplementary material): pure, unman-

aged stands with at least 50% tree cover,
and the presence nearby (distance between surveyed plots: 170.8 to 8828.9 m)
of a mature natural forest dominated by
Ostrya carpinifolia or Fagus sylvatica, defined as under the same topographic conditions (e.g., calcareous lithology, prevalent
southern aspect).
These natural forests are the most extensive and widespread in the central Apennines (Blasi 2010), as they cover 8.1% and
9.8% of the total forest area for Ostrya carpinifolia and Fagus sylvatica, respectively
(INFC 2007). In syntaxonomic terms (Biondi et al. 2014), the forest communities that
are dominated by Ostrya carpinifolia mainly
refer to the plant association Scutellario columnae-Ostryetum carpinifoliae Pedrotti,
Ballelli & Biondi ex Pedrotti, Ballelli, Biondi,
Cortini Pedrotti & Orsomando 1980, which
belongs to the endemic Apennines suballiance Laburno anagyroidis-Ostryenion carpinifoliae (Ubaldi 1995) Blasi, Di Pietro &
Filesi 2004 – forest communities of Ostrya
carpinifolia, Fraxinus ornus, Quercus cerris,
Quercus pubescens, which develop in the
areas with a mesotemperate thermotype,
along the entire Apennine chain up to 9001100 m s.l.m. –, and to the alliance Carpinion orientalis, the order Quercetalia pubescenti-petraeae, and the class Querco roboris-Fagetea sylvaticae. The Fagus sylvatica
forests are referred to the plant association Lathyro veneti-Fagetum sylvaticae Biondi et al. ex Biondi, Casavecchia, Pinzi, Allegrezza & Baldoni 2013 – thermophilous,
macrotherm Fagus sylvatica forest characterized by the presence of plants of the
hilly bioclimatic belt such as Sorbus aria,
Ostrya carpinifolia, Hepatica nobilis, etc.,
which are mixed with those typical of the
montane bioclimatic belt. It is distributed in
the central Apennines in the lower supratemperate thermotype from 600(1100)1200(1600) m a.s.l. These beech forest
communities represent the transitional aspect between the Ostrya carpinifolia forests of the plant association Scutellario
columnae-Ostryetum carpinifoliae (suballiance Laburno-Ostryenion) and the microtherm beech forests of the plant association Cardamino kitaibelii-Fagetum sylvaticae
(suballiance Cardamino kitaibelii-Fagenion
sylvaticae), that is present at higher altitudes (>1300-1600 m a.s.l.). The plant association Lathyro veneti-Fagetum sylvaticae
belongs to the endemic central Apennines
suballiance Lathyro veneti-Fagenion sylvaticae, of the alliance Aremonio-Fagion sylvaticae, the order Fagetalia sylvaticae, and the
class Querco roboris-Fagetea sylvaticae.
Commonly, for the southern slopes, the
Ostrya carpinifolia forests are replaced by
Fagus sylvatica forests above 1100 m (Blasi
2010).
We finally selected 20 sites, each including a pine plantation and a neighbouring
natural forest (Fig. 1): 10 sites at altitude
<1100 m a.s.l., and 10 sites at altitude >1100
m a.s.l. (Tab. S1 in Supplementary material).
The selected sites were located within NaiForest 13: 279-285

tional Parks (Monti Sibillini National Park,
Gran Sasso and Monti della Laga National
Park, Majella National Park, Abruzzo, Lazio
and Molise National Park), Regional Natural Parks (Sasso Simone and Simoncello Regional Natural Park, Gola della Rossa and
Frasassi Regional Natural Park, SirenteVelino Regional Natural Park) and Natura
2000 areas (see Tab. S1 in Supplementary
Materials).
Tab. 1 shows the mean values of altitudes,
annual temperatures, annual precipitation,
and bioclimatic diagnoses for the sites analysed in this study, in relation to the low
(<1100 m a.s.l.) and high (>1100 m a.s.l.) elevation.

Fig. 1 - Location
of the 20 selected Pinus nigra plantations
established between 1900 and
1956, with neighbouring natural
forests for comparison. Black
circles: sites with
altitude <1100 m
a.s.l. (Ostrya
carpinifolia natural forests);
white circles:
sites with altitude >1100 m
a.s.l. (Fagus sylvatica natural
forests). Based
on the physical
Google Maps™.

Data collection

At each selected site, we identified two
plots (one for a pine plantation and one for
a natural forest), for a total of 40 plots: 20
plots at <1100 m a.s.l. (10 plots, pine plantations; 10 plots, natural forests) and 20 plots
at >1100 m a.s.l. (10 plots, pine plantations;
10 plots natural forests). The plot size was
300 m2. For each plot, all of the vascular
plant species were recorded, and their
cover-abundance estimated according to
the Braun-Blanquet method (1928). The
seven-point Braun-Blanquet scale was used
according to the following cover values:
with cover <1% (r, very few individuals; +,
few individuals); and with cover ≥1% (1: 1%
to 5%; 2: 5% to 25%; 3: 25% to 50%; 4: 50% to
75%; 5: 75% to 100%). The vegetation surveys
were repeated in spring and late summer,
to capture the seasonal variability of the
vegetation. A community matrix of 40 surveys × 267 species was obtained. The species nomenclature follows the check-list of
Italian flora (Bartolucci et al. 2018). In addition, the following ecological traits of the
plant species were considered: (i) the biological form (Pignatti 1982); (ii) the Ellenberg’s indicator value (Light, Temperature,
Continentality, Moisture, Reaction of soil,
Nitrogen – Ellenberg et al. 1992, Pignatti et
al. 2005); and (iii) the social behaviour type
(SBTs: 1, beech forest specialist species; 2,
forest generalist species; 3, no forest species; 4, marginal species [exotics, weeds,
members of ruderal or agricultural communities]; 5, gap species [linked to forest
edges and gaps]), according to Bartha et
al. (2008). We multiplied the “surveys ×
species cover-abundance values” matrix
(species cover-abundance values were
scaled to presence/absence: 0, 1) with the
“species × ecological trait values” matrix
(trait values standardised into range 0-1),
obtaining the quantitative “surveys × ecological traits” (with the proportion for each
biological form and SBT and the mean Ellenberg indicator values).
The complete plant list of the “species ×
ecological trait values” and the species frequencies (%) within each plot group (low/
high altitude pine plantations; low/ high altitude natural forests) are reported in Tab.
S2 (Supplementary material).
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Data analysis

The local contributions to beta-diversity
(LCBD) was estimated based on the “surveys × species cover-abundance values”
matrix (Legendre & De Cáceres 2013) using
the Hellinger-transformed abundance data,
with the calculation of the richness of the
plots. The LCBD analysis measures the individual contributions of each plot (i.e., the
LCBD plot as percentages) to the total beta
diversity (i.e., the total variation of the matrix of the Hellinger surveys × transformed
species abundance). The LCBD value is a
comparative indicator of the ecological
uniqueness of the plot in terms of its community composition. Plots with a mean
species composition will have LCBD values
close to zero, while large LCBD values can
indicate unusual species compositions (Legendre & De Cáceres 2013).
The effect of the main environmental factors (forest origin, ORIG: pine plantation/
natural forest; altitude, ALT: low/high; and
their interaction effect) on LCBD and richness were tested through a factorial twoway ANOVA. Before the analysis, all vari-

ables were tested for normality and homoscedasticity, and transformed when
necessary.
We also tested the effect of forest origin,
altitude and their interaction on the ecological traits by applying the two-way multivariate ANOVA (MANOVA) with redundancy analysis (RDA) using the above factors and their interaction as explanatory
variables and the variables of the “surveys
× ecological traits” matrix as the response
variables. The factors were coded using
Helmert contrasts as the orthogonal (this
allowed the correct F values to be obtained). We previously checked the multivariate homogeneity of the within-group
covariance using the distance-based tests
suggested by Anderson (2006). The statistical significance of each main factor and
their interaction was assessed based on
10,000 permutations (free for interaction,
stratified for main factor). With respect to
the classical parametric MANOVA, the RDA
provides a graphical representation of the
results (i.e., the RDA triplot; for further details, see Borcard et al. 2011). We plotted

Tab. 1 - Mean climatic and bioclimatic data for the 20 sites with Pinus nigra plantations
used in this study, as derived from the bioclimatic map of Italy (Pesaresi et al. 2014,
Pesaresi et al. 2017). Low altitude: 10 sites at altitude <1100 m a.s.l., where the neighbouring natural forests are dominated by Ostrya carpinifolia. High altitude: 10 sites at
altitude >1100 m a.s.l., where the neighbouring natural forests are dominated by
Fagus sylvatica. (a): Bioclimatic diagnosis according to Rivas-Martinez et al. (2011).
Altitude

Variable
Mean site altitude (m. a.s.l.)

Low

High

770 ± 100

1324 ± 171

Mean annual temperature (°C)

11.4 ± 1.07

8 ± 0.95

Mean annual precipitation (mm)

1070 ± 200

1100 ± 157

Temperate, low
supratemperate,
upper humid

Temperate, upper
supratemperate,
low humid

Bioclimatic diagnosis

(a)
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Fig. 2 - Interaction plot of the
local contributions to the
beta diversity (LCBD) and
the richness values of the
forest origin vs. altitude. (a)
Richness; (b) LCBD. (ALT):
altitude, m a.s.l. (L: ALT <
1100; U: ALT > 1100); (ORIG):
forest origin (N, natural forest; R, pine plantation). Data
are means ± standard error.
Different letters indicate statistically significant differences (P <0.05) after posthoc Duncan tests.
the final RDA triplot with the site-weighted
sum scores related to the factor levels and
the arrows of the mean ecological trait
scores (those with at least 30% variance explained). Significant differences were evaluated at α = 0.05 level.

Results

The analyzed plots had species richness
values ranging from 15 to 40. The pine plantations had a mean richness of 31.2. The
mean richness values for the low- and highaltitude plantations were 32.0 and 30.5
(i.e., 5% difference in mean richness between low and high altitudes). The natural
forests had a similar mean richness of 31.0.
However, the means of the low and high
altitudes for the natural forests were 40.4
and 21.7 (i.e., 46% difference in mean richness between low and high altitudes – Fig.
2a). The two-way ANOVA showed significant interaction effects between altitude
(ALT) and forest origin (ORIG), with 16% of
the total variation (Tab. 2). Therefore, the
effects of ALT (22%) depended on the level
of the ORIG factor. Pine plantations and
natural forests had two distinct altitude

trends (Fig. 2). Post-hoc tests showed a significant difference between the low and
high altitude zones for the natural forests,
with strong reduction in the richness with
increasing the elevation, while no effects
of altitude were observed on pine plantations (Fig. 2a).
The two-way ANOVA of the LCBD plots
showed significant effects of the main factors ORIG and ALT, which explained 38%
and 12% of the total variation, respectively,
though the interaction effects was not significant (p = 0.06 – Tab. 2). Fig. 2b shows
the altitude trends for pine plantations and
natural forests, with a greater increase for
the natural forests. The post-hoc tests
showed significant differences between
the low and high altitude zones for the natural forests, with marked increase in the
LCBD means, while for pine plantations,
the altitude did not show any significant effects (Fig. 2b).
The results of the two-way MANOVA-RDA
indicated that ALT and ORIG have a significant effect on the variation in ecological
traits (the “surveys × ecological traits” matrix), while the interaction effect was not

Tab. 2 - ANOVA summary for the local contributions to beta diversity (LCBD) and
species richness of pine plantations and natural forests. (ORIG): origin (pine plantation or natural forest); (ALT): altitude (low, <1100 m a.s.l.; high, >1100 m a.s.l.); (MS):
mean square; (df): degrees of freedom.
LCBD

Richness

Factor

df

ORIG

1

2.39 e-04 30.28

ALT

1

7.38 e-05

9.36

ORIG × ALT

1

2.94 e-05

3.73

Residuals

36

2.84 e-04

-

MS

Effect
size

MS

<0.001

0.38

0.02

0.004

0.12

1.12

0.061

0.05

0.68

0.45

3.25

F

p

-

p

Effect
size

0.22

0.64

0.00

12.42

0.001

0.22

7.6

0.009

0.14

-

-

0.64

F

Tab. 3 - Two-way MANOVA summary for the redundancy analysis carried out on pine
plantations and natural forests vegetation data. (ORIG): origin (pine plantation, natural forest); (ALT): altitude (low, <1100 m a.s.l.; high, >1100 m a.s.l.); (Adj-r 2): adjusted r2
(expressed as percentage values).
Factor

Adj-r2

F

P

ALT

18 %

11.169

0.001

ORIG

14 %

89.055

0.001

2%

2.03

0.078

ALT × ORIG
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significant (p>0.05). The factors ALT and
ORIG explained 18% and 14%, respectively,
of the total variation in ecological traits
(Tab. 3).
Fig. 3 shows the RDA triplot of the twoway MANOVA-RDA model. The two axes,
RDA1 and RDA2, both showed significance
(p = 0.001 and p = 0.003, respectively). ALT
and ORIG were the significant factors that
affected the whole trait variability analysed. The RDA1 axis was predominantly
linked to ALT, and represents 61% of the explained variation. A clear separation between the forests at low altitude and the
natural forests at high altitude is obvious
along the RDA1 axis. The positive part of
RDA1 axis includes the pine plantations and
natural forests at low altitude. Both of
these forests had high proportions of
phanerophytes and a high mean temperature, as inferred from the mean Ellenberg’s
indicator values. Contrastingly, the negative part of the RDA1 axis mainly includes
the natural forests at high altitude, which
had large proportions of geophytes (e.g.,
Hepatica nobilis, Cyclamen hederifolium,
Epipactis mulleri), SBT1 (beech forest specialist species), and a high Ellenberg’s indicator values for moisture and nitrogen. For
example, Adoxa moschatellina and Cephalanthera damasonium are geophyte, specialist forest species, that are shade tolerant and sciophilous, and that demand nutrients and moisture present in the high-altitude natural forests.
The RDA2 axis was predominantly linked
to ORIG, and represents 32% of the explained variation. A separation between
pine plantations and natural forests is quite
evident along the RDA2 axis. The negative
part of the RDA2 axis includes natural
forests that had high mean proportions of
SBT2 (generalist forest species) and geophytes, with high Ellenberg’s indicator values for moisture and nitrogen. The positive
part of the RDA2 axis mainly includes the
pine plantations at high altitude that had
high proportions of STB4 (i.e., marginal
species – exotics, weeds or members of
ruderal or agricultural communities, such
as Arabis hirsuta and Heracleum sphondylium subsp. pyrenaicum) and high Ellenberg’s indicator values for light (e.g., Cytisophyllum sessilifolium).
iForest 13: 279-285

iForest – Biogeosciences and Forestry

Floristic-vegetational composition in mature Pinus nigra plantations
Fig. 3 - Redundancy analysis triplot of the
MANOVA model of the ecological trait
means of the data constrained to the factors of forest origin (R: pine plantations; N:
natural forests) and altitude (L: low, <1100
m a.s.l; U: high, >1100 m a.s.l). The ecological
traits with at least 30% of variance explained
by the model are superimposed. Biological
forms: T, therophytes; G, geophytes; Ph,
phanerophytes. Ellenberg’s indicator values:
L, Light; T, Temperature; U, Moisture; N,
Nitrogen; Social Behaviour Types: SBT1,
beech forest specialist species; SBT 2, forest
generalist species; SBT4, marginal species.

Discussion

The natural forests at high altitude (11001700 m a.s.l.) on the central Apennines,
when compared to lower elevation forests
(700-1100 m a.s.l.), showed a strong reduction of species richness (46%), and a consequent increase in compositional diversification in terms of species (i.e., LCBD), with an
ecological trait turnover. Contrastingly, no
significant changes with altitude were observed in the studied pine plantations
along the same altitudinal gradient.
Reductions in plant species richness with
increasing altitude have been previously reported for natural forests in the Apennines
(Scolastri et al. 2014), and this is in agreement with studies carried out at the global
level (Rahbek 1995). Such reductions can
be considered the result of the interactions
between the abiotic component (environmental filter sensu stricto – Kraft et al.
2015), in particular the temperature as the
main driver associated with altitude (Körner 2007), and the biotic component (Cadotte & Tucker 2017), mainly represented
by the forest canopy. Indeed, it has been
shown that the microclimate occurring under the canopy is determined by the coverage, structure and type of the tree layers,
and it is one of the main factors responsible for the floristic and compositional richness of forests (Greiser et al. 2018). In this
study, the variation along the altitudinal
gradient in the microclimatic conditions
due to differences in tree cover (Ostrya
carpinifolia mixed tree forest at lower elevations vs. Fagus sylvatica tree forest at
higher altitude) might have contributed to
the progressive selection of the understorey species, and therefore to the florisiForest 13: 279-285

tic turnover. It is well known that Fagus
stands provide more deep shade in comparison to other deciduous trees, such as
Quercus and Ostrya, and that an increasing
beech proportion leads to a decreasing
species diversity (Mölder et al. 2008). The
Fagus shading effect is confirmed in the
present study by the presence of shade-tolerant sciophilous herbaceous species
(based on the Ellenberg’s indicator value
for light), such as Adoxa moschatellina and
Cephalanthera damasonium, which were
more frequent in Fagus sylvatica stands
than in Ostrya carpinifolia forests at lower
elevation.
The high species richness and the almost
unchanged floristic composition of the mature pine plantations along the studied altitudinal gradient are in contrast with the
findings of Gómez-Aparicio et al. (2009) for
younger pine plantations (30-50 years old).
This might be likely due to the different
ages of the analyzed pine plantations, and
therefore to different microclimatic and
shade conditions occurring under the pine
canopy. The architecture of the wide and
open crown that is typical of Pinus nigra
mature individuals (>80 years – Van Haverbeke 1986) was associated with the low
tree cover (Tab. S1 in Supplementary material), which allowed light transmission to
the understorey, thus promoting the establishment of heliophilous species, such
as Cytisophyllum sessilifolium, which increases the richness of the herbaceous and
shrubby layers. This aspect could also have
positive effects on the abundance and richness of birds, which contribute to the undergrowth dissemination, and therefore to
species richness (Vallauri et al. 2002, Góm-

ez-Aparicio et al. 2009). With respect to the
natural forests, the high species richness
and the almost unchanged floristic composition observed in the mature pine plantations along the altitudinal gradient can also
be linked to the persistence of the Pinus nigra canopy. This can have a mitigating effect on the low winter temperature of the
soil, and in general on the temperature
variations (Morecroft et al. 1998). This likely allows the permanence of thermophilous
species even at higher altitudes (as expressed by the Ellenberg’s indicator value
for temperature), which are typically associated to deciduous forests of the lower
zones, such as Quercus pubescens s.l. and
Fraxinus ornus subsp. ornus. Further studies are needed to test the microclimate annual variation under the pine canopy by directly measuring microclimatic parameters.
The abundance of SBT4 (marginal species
– exotics, weeds, members of ruderal or
agricultural communities – sensu Bartha et
al. 2008) and in general the high frequencies of non-forest herbaceous species
(mainly grasslands species) such as Cytisus
spinescens and Sesleria nitida might be a
legacy of the previous land cover (secondary grassland) on the understory of mature pine plantations (at low and high altitudes). Nevertheless, these grassland species (non-forest species included in SBT3,
sensu Bartha et al. 2008) are frequently
found in neighbouring natural forests (see
Tab. S2 in Supplementary material). This is
an indicator of disturbance for the natural
forests, and can be considered the consequence of past anthropogenic impacts that
especially affected the south-facing slopes
of the Apennines (Bonanomi et al. 2018).
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Conclusions

This study investigated pine plantations
and natural forests along two distinct altitude trends in the Central Apennines
(Italy). The afforestation by black pine was
carried out about 90 years ago, and slowed
the typical diversification of the stands at
the community level, by mitigating the effects of increased altitude, which is typical
in natural forests. Indeed, mature pine
plantations allow the presence of many heliophilous and thermophilous species up to
1400 m to 1500 m a.s.l., which are usually
distributed at lower altitudes. The lack of
differences in species composition of pine
plantations along the altitude gradient may
be attributed to the buffering effect of
pine canopy on the microclimatic conditions in the understorey. The open architecture of the mature pine canopy associated with the low cover of the tree layer
may have favoured the establishment of
heliophilous species.
The mature pine plantations reduced the
beta diversity of the forest landscape and
the compositional diversification that usually occurs in natural forests, especially at
high altitudes. Furthermore, in contrast to
the natural forests, the average contribution to the beta diversity of pine plantations was not affected by altitude.
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