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Abstract 

Heterotopic populations of Fagus sylvatica L. occurring outside their 
ecological optimum represent valuable indicators of paleoclimatic 
continuity and ecological resilience. This study reports and analyzes 
such beech populations in the Roccamonfina Volcano and adjacent 
limestone massifs (Monte Maggiore, Monte Cesima, Monte Sam-
mucro) located in Campania and adjacent Latium (central-southern 
Italy). Through extensive floristic surveys and 20 phytosociological 
relevés, the study documents the presence, structure, and ecologi-
cal features of these stands, many of which had not been previous-
ly recorded in scientific literature. Multivariate analyses (PCA and 
Cluster Analysis) reveal floristic patterns shaped by substrate type, 
elevation, and disturbance regimes. The vegetation is interpreted 
within the framework of Italian syntaxonomy, with most communi-
ties corresponding to Habitat 9210* (Apennine beech forests with 
Taxus and Ilex), despite the absence of Taxus baccata. Several rare 
and conservation-relevant species were identified, including native 
orchids and regionally rare taxa such as Lilium martagon and Acer 
cappadocicum subsp. lobelii. The study highlights the precarious 
conservation status of many of these populations, despite their lo-
cation within protected areas, pointing to inadequate management 
practices and threats from logging and infrastructure development. 
These isolated and relict beech stands are of high biogeographic 
and conservation value and should be prioritized in regional biodi-
versity strategies.

Keywords: european beech (Fagus sylvatica L.), Heterotopic popu-
lations, Campania, Latium, Roccamonfina volcano, vegetation, con-
servation ecology.
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Riassunto

Le popolazioni eterotopiche di Fagus sylva-
tica L., presenti al di fuori del loro optimum 
ecologico, rappresentano importanti indica-
tori di continuità paleoclimatica e resilienza 
ecologica. Questo studio documenta e ana-
lizza tali popolazioni di faggio sul Vulcano 
di Roccamonfina e sui massicci carbonatici 
adiacenti (Monte Maggiore, Monte Cesima, 
Monte Sammucro), situati in Campania e nel 
vicino Lazio (Italia centro-meridionale). Attra-
verso estese indagini floristiche e 20 rilievi fi-
tosociologici, lo studio descrive la presenza, 
la struttura e le caratteristiche ecologiche di 
questi popolamenti, molti dei quali non erano 
stati precedentemente riportati nella lettera-
tura scientifica. Le analisi multivariate (PCA e 
Cluster Analysis) evidenziano pattern floristi-
ci influenzati da tipo di substrato, altitudine e 
regimi di disturbo. La vegetazione è interpre-
tata secondo la sintassonomia italiana, con la 
maggior parte delle comunità riferibili all’Ha-
bitat prioritario 9210* (Faggete degli Appen-
nini con Taxus e Ilex), nonostante l’assenza 
di Taxus baccata. Sono state rilevate diverse 
specie rare o di interesse conservazionistico, 
tra cui orchidee spontanee e taxa rari a livello 
regionale come Lilium martagon e Acer cap-
padocicum subsp. lobelii. Lo studio eviden-
zia lo stato di conservazione critico di molte 
di queste popolazioni, nonostante si trovino 
all’interno di aree protette, a causa di pratiche 
gestionali inadeguate e minacce legate a tagli 
forestali e opere infrastrutturali. Questi nuclei 
isolati e relitti di faggio rivestono un elevato 
valore biogeografico e conservazionistico, 
e dovrebbero essere prioritariamente inclu-
si nelle strategie regionali per la tutela della 
biodiversità.

Parole chiave: faggio (Fagus sylvatica), Popol-
amento eterotopico, Campania, Lazio, Vulca-
no di Roccamonfina, vegetazione, Ecologia 
della conservazione. 

Introduction

European beech (Fagus sylvatica L.) is dis-
tributed across a wide range of Europe, ex-
tending from northern Spain to the Black Sea, 
and from Sicily to the southern regions of the 
Scandinavian Peninsula (Euforgen, 2009). In 
Italy, it is native and widespread in all regions, 
with the sole exception of Sardinia, where it is 
not indigenous (Bartolucci et al., 2024). Along 
the Apennine range, its optimal altitudinal 
distribution typically lies between 1000 and 
1700 (occasionally up to 1900) meters above 
sea level (Pignatti, 1982, 1998).
In Campania, beech forests are present from 
the northern to the southern sections of the 
Apennines and other mountainous areas. Ac-
cording to the vegetation series map of Ita-
ly (Filesi et al., 2010), in northern Campania 
and adjacent areas of Latium, these forests 
are found above 1000 m a.s.l., particularly on 
the Matese Massif, and potentially in several 
isolated patches on mountain summits where 
suitable environmental conditions persist.
From a phytosociological perspective, and 
following the classification proposed in the 
Prodromo della vegetazione d’Italia (Bion-
di & Blasi, 2013; Biondi et al., 2014 ), the 
beech woods of southern Italy fall within the 
class Querco roboris-Fagetea sylvaticae Br.-
Bl. & Vlieger in Vlieger 1937, and belong to 
the order Fagetalia sylvaticae Pawlowski in 
Pawlowski, Sokolowski & Wallisch 1928. The 
thermophilous beech forests of the southern 
Apennines are further classified under the 
suballiance Doronico orientalis-Fagenion syl-
vaticae.
Heterotopic or extrazonal beech populations 
are communities that persist in localized mi-
croclimatic niches, where conditions remain 
favorable for their survival despite being out-
side their optimal climatic zone. These mi-
crohabitats provide sufficient moisture and 
temperature stability, enabling Fagus sylvati-
ca to thrive even in areas where the broader 
phytoclimatic context is less suitable (Pignatti, 
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1995). Such populations are considered relicts 
of past paleoclimatic and paleogeographic 
conditions (Magri, 2008), and their presence 
is of considerable biogeographical and con-
servation interest. These relictual heterotopic 
stands are typically situated outside the main 
vegetation series to which the species would 
normally belong.
Several examples of such heterotopic or “de-
pressed” beech populations have been doc-
umented across various Italian regions and 
have been particularly studied in Tuscany and 
Latium (Roma-Marzio et al., 2017). In Campa-
nia, however, the topic has received limited 
attention, with the only specific study being 
that of Agostini (1971), who described some 
degraded populations in the Picentini Moun-
tains. The subject has since been only briefly 
mentioned, without in-depth treatment, by 
Saracino (2012).
During floristic surveys conducted in the 
northern part of the Campania region, we re-
peatedly encountered populations of Fagus 
sylvatica in areas where its presence had ei-
ther not been previously recorded or where 
available information was scant or outdated. 
For the Roccamonfina volcano, the earliest 
bibliographic reference to Fagus sylvatica 
is found in the flora compiled by Croce et 
al. (2008). In the other surrounding territo-
ries these plant communities are reported in 
technical documents recently published by 
the Campania region, without any reference 
to their particular interest. With regard to the 
stands in Latium territory, no prior documen-
tation was found, and thus the data presented 
in this paper represent new and previously 
unpublished records.
The most representative beech nuclei discov-
ered during these surveys have been inves-
tigated through phytosociological analysis, 
with the aim of characterizing their vegetation 
types, assessing their floristic diversity both 
quantitatively and qualitatively, and highlight-
ing their significance within the broader con-
text of the region’s biodiversity.

Materials and methods  

For the purposes of this study, we focused 
on the northern part of the Campania region 
and the adjacent areas of Latium—territories 
characterized by relatively limited floristic 
data (Strumia et al., 2005), and even more 
deficient with regard to vegetation studies 
(Filesi et al., 2010). Within this area, hetero-
topic beech forest stands were identified on 
the Roccamonfina Volcano, in the Trebulani 
Mountains (specifically on Mount Maggiore), 
on Mount Cesima (all located in the province 
of Caserta, Campania), and on the northern 
slopes of Mount Sammucro in Latium, togeth-
er with several isolated individuals (Fig. 1).
The Roccamonfina Volcano is a Late Pleisto-
cene stratovolcano, whose volcanic activity 
began approximately 630,000 years ago (De 
Rita et al., 1997). It features a large summit 
caldera containing two central domes, with 
Monte Santa Croce reaching 1005 meters 
a.s.l. The volcanic complex also includes sev-
eral secondary extracaldera centers, primarily 
situated in the southern and eastern sectors. 
The landscape is predominantly covered by 
chestnut woodlands—both coppices and culti-
vated orchards—which extend from the lower 
slopes to the summit.
The volcanic structure is bordered by tectonic 
depressions and Mesozoic limestone massifs. 
Among these are Mount Sammucro, Mount 
Cesima, and Mount Maggiore, aligned in a 
northwest–southeast direction and running 
parallel to the Apennine chain. The highest 
elevations in these massifs are: Mount Sam-
mucro (1205 m), which marks the regional 
boundary between Latium, Molise, and Cam-
pania; Mount Cesima (1180 m); and Pizzo San 
Salvatore (1037 m).
During our floristic surveys (Croce et al., 2008 
and unpublished data), the presence of isolat-
ed beech trees as well as actual beech forest 
stands was georeferenced. Phytosociological 
sampling was then carried out in areas where 
Fagus sylvatica formed well-structured stands 
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and possibly reached dominance within the 
forest canopy (Tab. 1).
A Braun-Blanquet-derived cover-abundance 
scale was used for vegetation analysis, with 
the following values:
+ : species present with few individuals and 
cover <1%
1 : cover between 1–5%
2a : cover between 5–12%
2b : cover between 12–25%
3 : cover between 25–50%
4 : cover between 50–75%
5 : cover between 75–100%
Species recorded only once in the relevés 

(sporadic taxa) were excluded from the statis-
tical analysis.
The resulting data matrix, was subjected to 
multivariate analysis. A Principal Component 
Analysis (PCA) was used to explore patterns 
of species distribution, and a Cluster Analysis 
was performed to classify vegetation types. 
Both analyses were conducted using the PAST 
software package (Hammer et al., 2001).
Taxonomic nomenclature follows the Portal to 
the Flora of Italy (2024), while syntaxonomic 
references (Tab. 2) adhere to the Prodromo 
della vegetazione d’Italia (Biondi et al., 2014).

Figure 1: Localization of the sites with Fagus sylvatica L. Dots = single individuals, stars = populations and related 
vegetation relevés.
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Results

A total of 20 phytosociological relevés were 
conducted in European beech forest commu-
nities, resulting in a data matrix composed of 
20 relevés and 111 species (Tab. 3). Of the 
154 species recorded, 43 were considered 
sporadic (i.e., occurring in only one relevé). 
Species richness per relevé ranged from a 
minimum of 22 species (R2) to a maximum of 
56 species (R5).

Roccamonfina volcano
The presence of Fagus sylvatica on the Roc-
camonfina Volcano, between 320 and 990 
meters above sea level, has previously been 
documented (Croce et al., 2008; Croce, 2024) 
and cited in a regional review on beech for-
ests of Campania and Basilicata (Saracino, 
2012). In particular, beech stands were iden-
tified in the gorge of the Savone delle Ferri-
ere stream, between the municipalities of Te-
ano and Roccamonfina. Isolated individuals 
were also recorded near the village of Chio-

vari and upstream from the village of Preta, 
often growing on the grey tuff canyon walls. 
Notably, young trees were observed within 
chestnut orchards along the provincial road 
connecting Teano and Roccamonfina—sites 
relatively distant from the humid microclimate 
typical of the gorge.
Beech becomes dominant in forest cover 
downstream of the village of Torano, with 
scattered individuals found along the stream 
branches extending westward and northward 
up to about 600 meters elevation. Isolated 
young trees were also found along the road 
from Roccamonfina to Valogno (at 525 m 
a.s.l.) and near Ponte i Grottoni (535 m a.s.l.) 
atop the Rio della Selva fluvial incision. These 
two localities lie approximately 1.5 km south-
west and 2 km west, respectively, from the 
Torano population, within the municipality of 
Sessa Aurunca.
At higher elevations, close to the species’ 
ecological optimum, a small beech popula-
tion was found in a chestnut coppice forest on 
the summit of Monte Santa Croce, on its N–

Table 1: Location and site characheristics of the 20 phytosociological relevés in Fagus sylvatica stands.
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NW slope between 950 and 990 m a.s.l. A few 
mature individuals were also observed along 
the caldera rim north of Monte La Frascara, at 
about 900 m a.s.l. 
Five phytosociological relevés (R4–R8) were 
conducted in the Torano beech population, 
representing different degrees of canopy 
cover. Three additional relevés (R1–R3) were 
carried out in the Monte Santa Croce popula-
tion (Tab. 1).
According to the Vegetation Series Map (Filesi 
et al., 2005), all these sites fall within the cen-
tral Tyrrhenian pre-Apennine subacidophilous 
series of Quercus cerris, with Sorbus domesti-
ca, S. torminalis, and Acer opalus subsp. obtu-
satum in the tree layer, and shrubby mantles 
dominated by Cytisus scoparius. The latter is 
present exclusively in the Monte Santa Croce 
communities, where it represents the initial 
successional stage following coppice cutting.
All beech populations lie within the bound-
aries of the Roccamonfina-Foce Garigliano 
Regional Park, with the exception of the Sa-
vone gorge sites, which fall outside the Nat-
ura 2000 Special Area of Conservation (SAC) 
IT8010022 “Vulcano di Roccamonfina”.

Monte Maggiore
The beech communities of Monte Maggiore 
are located between 465 and 730 m a.s.l. in 
the locality of Fosso della Neve, within the mu-
nicipality of Pietramelara. They occur on NW 
to NE-facing slopes and are represented by 
four relevés (M1–M4). These communities fall 
within the central Tyrrhenian Apennine neu-
tro-basiphilous series of the hop hornbeam 
(Melittio melissophylli–Ostryio carpinifoliae 
sigmetum), dominated by Ostrya carpinifolia 
and Carpinus orientalis. Cercis siliquastrum, 
typically associated with this series, is absent 
or sporadic in the relevés.
While Acer cappadocicum subsp. lobelii is 
frequent in the broader area, it is rare in the 
sampled sites. In contrast, Acer opalus sub-
sp. obtusatum, Castanea sativa, Fraxinus or-
nus, Ostrya carpinifolia, and Quercus ilex are 

frequent in the tree layer. The presence of 
Quercus ilex, albeit with low coverage, un-
derscores the thermophilous nature of these 
communities, further supported by species 
such as Anemone apennina, Asparagus acuti-
folius, Rubia peregrina, Cyclamen repandum, 
Drymochloa drymeja, Ruscus aculeatus and, 
even as sporadic species, Polypodium cam-
bricum, Phillyrea latifolia, Smilax aspera. The 
herbaceous layer is dominated by Sesleria au-
tumnalis, a characteristic species of this vege-
tation series.
All beech stands fall within the SAC IT8010006 
“Catena di Monte Maggiore”.

Monte Cesima
The small beech community on Monte Cesi-
ma is located in Valle Casale area, at the base 
of the NE slope of Monte San Leonardo, and 
in Piano di Cesima area, at the base of the N 
slope of Colle Aruta and Colle Traverso. The 
site ranges in altitude from 645 to 715 m a.s.l., 
and is represented by five relevés (C1–C5) 
carried out in the first locality, where beech 
reaches higher cover values in the tree layer. 
It falls within the Adriatic neutro-basiphilous 
series of Quercus cerris and Quercus pubes-
cens (Daphno laureolae–Querco cerridis sig-
metum) as defined by Filesi et al. (2010).
The tree layer is dominated by Quercus cer-
ris, with accompanying species including Os-
trya carpinifolia, Fraxinus ornus, Acer opalus 
subsp. obtusatum, and Acer campestre. The 
shrub layer is poorly developed, with only 
Rubus ulmifolius and Crataegus monogyna, 
both belonging to Rhamno-prunetea commu-
nities, being frequent - likely due to historical 
or ongoing grazing pressure or to the frag-
mentation of this community. The herbaceous 
layer is diverse, with Euphorbia amygdaloi-
des, Carex sylvatica, Lathyrus venetus, Melica 
uniflora, Ruscus aculeatus, Viola reichenbachi-
ana, and the regionally rare Lilium martagon 
being of particular interest. Other frequent 
species include Sesleria autumnalis, Galium 
odoratum, and Daphne laureola. This site is 



7Original articles

BORNH Vol.5, no.2, 2025

included in the SAC IT8010005 “Catena di 
Monte Cesima”.

Monte Sammucro
The beech stand on Monte Sammucro is lo-
cated on the northern slope along the “Rio di 
S. Vittore” stream, near the village of Radico-
sa, in the municipality of San Vittore del Lazio 
(Latium), at elevations between 520 and 560 
m a.s.l. (relevés S1–S3). These communities 
belong to the pre-Apennine neutro-basiphil-
ous series of Quercus pubescens (Roso sem-
pervirentis–Querco pubescentis sigmetum).
Fagus sylvatica dominates the canopy, with 
Acer obtusatum, Fraxinus ornus, and Quercus 
cerris also present. Carpinus orientalis is less 
frequent. Notably, both Quercus pubescens 
and Quercus ilex, characteristic of the series, 
are absent, reinforcing the mesophilic nature 
of these stands. The shrub layer is composed 
of deciduous species such as Ligustrum vul-
gare and Cornus sanguinea, with no ever-
green elements. Similarly to the M. Cesima 
Relevès, species of Quercetea ilicis are here 
poorly represented. Grazing appears to play 

a major role in shaping the vegetation struc-
ture, as reflected in a herbaceous layer where 
Euphorbia amygdaloides, Mercurialis peren-
nis, Helleborus foetidus, and Sesleria autum-
nalis are common.
Only a portion of the beech forests, specifi-
cally the lower-elevation section, is included 
within the protected area Monumento Nat-
urale “Monte Sammucro – Terra di Confine”, 
established in 2021 by Latium administrative 
Region. In particular, the relevé S1 falls within 
the boundaries of the protected area, while 
S2 and S3 fall outside it.

Multivariate analysis
Cluster analysis (Fig. 2) revealed distinct 
groupings among the relevés, mainly struc-
tured along substrate. Communities on vol-
canic soils (Roccamonfina) form a separate 
cluster from those on carbonate substrates 
(Monte Maggiore, Cesima, Sammucro), 
where species of the thermophilous Carpin-
ion orientalis alliance (e.g., Ostrya carpinifolia, 
Fraxinus ornus, Sesleria autumnalis) are more 
prevalent. 

Table 2: Syntaxonomic scheme.
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Within the volcanic sites, Castanea sativa is al-
ways dominant in the tree layer, except in rel. 
R8, where it is codominant with Fagus sylvati-
ca. The species of the Geranio–Fagion alliance 
(e.g., Cardamine chelidonia, Lamium flexuo-
sum, Senecio ovatus subsp. stabianus) are 
well represented. Monte Santa Croce relevés 
form a compact group with low floristic rich-
ness (22–30 species), while the Savone gorge 
communities show the highest richness (34–
56 species).
Relevés from Monte Maggiore host thermo-
philous elements of the Quercetea ilicis class 
(Quercus ilex, Ampelodesmos mauritanicus, 
Arisarum vulgare, Asparagus acutifolius), and 
cluster closely with Monte Sammucro relevés, 
which lack a shrub layer—likely due to grazing, 
as observed also on Monte Cesima. This dis-
turbance correlates with lower herbaceous 
richness in these sites. The patterns described 
above are confirmed by the Principal Compo-
nent Analysis of the relevés (Fig. 3). The first 
principal axis accounts for 32.1% of the total 
variance and primarily represents the sub-
strate gradient separating the volcanic from 
the limestone sites. The second axis explains 
14.6% of the total variance and is associated 
with a gradient of disturbance or manage-
ment, with relevés showing lower shrub layer 
cover positioned in the lower part of the ordi-
nation diagram.

Discussion and conclusion
The floristic composition allows to consider 
the populations here studied as representa-
tive of the Priority Habitat 9210*- Apennine 
beech forests with Taxus and Ilex despite the 
lack of Taxus baccata.
The following detected species are, indeed, 
typical of this habitat: Ilex aquifolium, Anem-
one apennina, Aremonia agrimonioides, Car-
damine bulbifera, C. chelidonia, Euphorbia 
amygdaloides, Galium odoratum, Lathyrus 
venetus, Melica uniflora, Mycelis muralis, Poten-
tilla micrantha, Ranunculus lanuginosus, Rubus 
hirtus, Sanicula europaea, Viola reichembachi-
ana, V. riviniana, Athyrium filix-femina. 

A group of species are of some conservation 
issues as the native orchids Neottia nidus-avis, 
Cephalanthera longifolia, C. rubra and Aris-
arum proboscideum, Lilium bulbiferum and 
Lilium martagon, Acer cappadocicum subsp. 
lobelii (Regional Law n. 40/1994) and Ruscus 
aculeatus (Habitat Directive 92/43/EEC, an-
nex V).
The most recent observation taken in the 
studied sites (spring 2025) highlights the 
critical conditions of most of them, despite 
they are included in SAC areas, or in Region-
al parks. The habitat 9210 is recorded in the 
Standard Data Forms of SACs IT8010005 
and IT8010006, but not in IT8010022. There-
fore, no specific conservation measures are 
planned for the latter site. Conversely, beech 
forests are reported for the studied areas — 
although not always correctly located due 
to the adopted scale — in the Habitat Map of 
Campania (Bagnaia et al., 2017) for Monte 
Maggiore, Monte Cesima and for the low-
er sites on Roccamonfina Volcano, but they 
were either not detected or not reported 
in the Habitat Map of Latium (Casella et al., 
2008) for the Monte Sammucro site. On Roc-
camonfina Volcano the community on Mount 
S. Croce underwent the same fate as the sur-
rounding coppiced chestnut woodland and 
was subject to clear-cut. Only a few shoots 
or seedlings less than 2 m high along with a 
few adult plants growing in a protected spot 
in an impluvium were visible in the site. The 
beech in Savone gorge is affected by spo-
radic cuts and its importance is poor known 
by administrators. As a result, projects affect-
ing the area often fail to properly consider 
the impacts on the beech population and the 
surrounding ecosystem. These observations 
let us think that although the majority of the 
communities fall within designated protect-
ed zones, their management—often guided 
by assessments that inadequately consider 
ecological and conservation criteria—raises 
significant concerns regarding the long-term 
effectiveness of habitat (and species) preser-
vation. 
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Figure 2: Cluster analysis dendrogram of 20 phytosociological relevés in Fagus sylvatica stands, based on species 
composition. The grouping reflects ecological and biogeographical gradients among the surveyed sites. Relevés from 
volcanic substrates (Roccamonfina Volcano: R) cluster separately from those on calcareous substrates (Monte Maggiore: 
M; Monte Cesima: C; Monte Sammucro: S), indicating marked floristic differentiation between geological contexts.

Figure 3: Principal Component Analysis (PCA) of 20 phytosociological relevés in Fagus sylvatica stands. The ordination 
is based on species composition. The first two components explain 32.1% and 14.6% of the total variance, respectively. 
Letters indicate the different sites: Roccamonfina Volcano (R), Monte Maggiore (M), Monte Cesima (C), and Monte 
Sammucro (S).



Croce Heterotopic beech stands in Central-S Italy

14 Original articles

The presence of small beech forest sites 
represents a crucial element for the conser-
vation of local biodiversity, serving not only 
as ecological refuges but also as valuable 
paleogeographic indicators of past climatic 
and environmental conditions. The high-alti-
tude populations, located on the Tyrrhenian 
side of the peninsula and within a heavily an-
thropized landscape, are interpreted as het-
erotopic relicts—important remnants of a for-
merly more widespread beech distribution, 
influenced by geological and climatic history 
as well as past and present human activity.
Despite their often fragmented and isolated 
nature, these relict ecosystems host unique 
assemblages of flora and fauna, contributing 
significantly to regional ecological networks. 
It is therefore essential that local authorities 
implement targeted conservation measures 
aimed at halting habitat degradation, sup-
porting the natural expansion of beech pop-
ulations, and safeguarding the integrity of 
these rare ecosystems. Ensuring their protec-
tion is not only a matter of preserving biodi-
versity, but also of maintaining the historical 
and ecological memory embedded within 
these ancient woodlands.
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