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Abstract
Cultivated terraces are outstanding modifications of mountains and hills to obtain arable land. These terraced agricultural 
systems are widespread traditional landscapes within the Mediterranean area. The cultivated terraces of the Amalfi Coast 
(Southern Italy) are outstanding examples of cultural landscapes, and they represent one of the key descriptors of the 
UNESCO Site. Terraces have characterized the landscape of the Amalfi Coast for a long time as their construction started 
during the Middle Age. However, their conservation is now threatened by abandonment, which has dramatically risen in 
the last 60 years, and by the ongoing climatic changes with the increased incidence of heavy rainfall events. We combined 
interviews with local farmers and vegetation surveys to understand which management activities are carried out to improve 
the conservation of cultivated terraces on the Amalfi Coast. To this end, we analyzed the linkages between these management 
practices and their influence on the vegetation growing on the terrace risers. Our informants identified the maintenance of 
waterways and walls as crucial factors influencing terrace and slope stability. The preservation of the integrity of terraces 
depends on periodic vegetation control and the maintenance of water drainage systems, which are carried out thanks to the 
active presence of farmers. According to our informants, the vegetation growing on the walls has a relevant role in the sta-
bility of terraces, and we found a prevalence of Hemicryptophytes that increase with the number of interventions over the 
year. Thus, active and vital agriculture becomes pivotal for the preservation of this cultural heritage.

Keywords Cultivated terraces · Management of agricultural systems · Mediterranean vegetation · UNESCO World 
Heritage Site · Landscape conservation · Local Ecological Knowledge

1 Introduction

Cultivated terraces are quite ancient and widespread across 
continents (Spencer and Hale 1961; Doolittle 1990; Treacy 
and Denevan 1997; Wei et al. 2016). In many parts of the 
world, agriculturists have shaped mountainsides to obtain 
arable land where it was limited (Andlar et al. 2017), show-
ing the human ability to adapt to different conditions and 
environments (Agnoletti et al. 2015). Many terraced systems 
are today considered cultural landscapes and are often man-
aged with traditional techniques, which generally preserve 
natural biodiversity and ecological functionality (Baiamonte 

et al. 2015). However, these features of terraced landscapes, 
along with their aesthetic values, are retained only in well-
preserved terraces. To date, a total of 25 terraced landscapes 
are listed among UNESCO’s Cultural Heritage Sites, with 
a concentration in the Mediterranean area (Kladnik et al. 
2017).

Although there are different types of terraces, in the 
Mediterranean area bench terraces are the most common, 
with risers mostly made of stones (Stanchi et al. 2012; Wei 
et al. 2016; Cicinelli et al. 2021). These terraces typify mar-
ginal lands in Spain, Greece, Israel, Italy, Croatia and other 
Mediterranean countries (García-Ruiz et al. 2013; Arnáez 
et al. 2015; Wei et al. 2016; Andlar et al. 2017) and they 
have been built with construction techniques that have not 
changed much over time (Bevan and Conolly 2011; Moreno-
de-las-Heras et al. 2019). The construction and mainte-
nance of drystone terraces are quite labour-intensive and 
entail specific knowledge, which is now disappearing as 
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agriculturists abandon their lands, terraces, and traditional 
practices (Hribar et al. 2017; Pipan et al. 2017; Zoumides 
et al. 2017). The traditional management of terraces can 
preserve biodiversity, enhancing landscape heretogenity and 
creating microhabitats (Van der Sluis et al. 2014; Solomou 
et al. 2020). The lack of maintenance has often been related 
to terrace collapses and the loss of the linked cultural land-
scapes all over the Mediterranean area (Cicinelli et al. 2021).

Like other South-Thyrrenian coasts of Italy, the landscape 
of the Amalfi Coast is typified by rugged coasts, wood-
lands, and here agricultural land was stolen from the steep 
mountains thanks to stonewall terraces. Therefore, terraced 
vineyards and orchards are identified as key descriptors 
of the Amalfi Coast, which was recognized as a Cultural 
Heritage Site in 1997 (UNESCO 1997). The protection and 
conservation of terraced landscapes in Italy pertain to the 
Superintendency for Architectural Heritage and Landscape 
(Ministry of Culture), such as the National Register of His-
torical Rural Landscapes and Traditional Practices (Minis-
try of Agriculture Food and Forestry Policies), and farmers 
are eligible for funding for their preservation (Caneva et al. 
2013; Agnoletti et al. 2015; Varotto et al. 2019). Although 
there are economic incentives, the unique landscape of the 
Amalfi Coast is currently threatened by the potential col-
lapse of terraces once they start deteriorating after the aban-
donment of agricultural activities; the risk of these collapses 

is also amplified by the increasing incidence of heavy rain-
fall events (Caneva et al. 2007; Caneva and Cancellieri 2007; 
Caneva 2010; Savo et al. 2016). In this area, the new tour-
istic-oriented economy has polarized the local businesses 
and lured younger generations that are no longer interested 
in cultivating the land (Savo et al. 2014).

Starting from our knowledge of climate, vegetation, and 
ethnobotanical traditions of the area (including our surveys 
carried out for the management plan of the UNESCO site), 
here we explore traditional ways used to preserve the ter-
raced landscape of the Amalfi Coast (Fig. 1). In this study, 
we adopted an integrated interdisciplinary approach, link-
ing ecological considerations (vegetation surveys on in-
use terraces) with the Local Ecological Knowledge (LEK) 
(Berkes et al. 2000) of traditional farmers. The traditional 
management of terraces has preserved terraced landscapes 
for centuries and it is widely reported that abandoned ter-
races are more likely to collapse (Cicinelli et al. 2021 and 
references therein), We assumed that there are key tradi-
tional management activities that can reduce the risks of 
terrace collapses. In this study, we combine semi-struc-
tured interviews with traditional farmers and vegetation 
surveys on in-use terraces to understand which are the 
most relevant perceived factors of risk and the manage-
ment activities that are performed. We also assumed that 
the vegetation growing on the terrace risers can affect their 

Fig. 1  a The geographical position of the study area; b The location of the sampling sites; c A typical terraced landscape on the Amalfi Coast
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stability as shown in studies on the preservation of walls 
of archaeological sites (e.g., Caneva et al. 2018). Thus, 
we also try to assess how management activities affect the 
floristic composition of the walls and influence the main-
tenance of terraces and consequently the preservation of 
the cultural landscape.

1.1  The terraces of the Amalfi Coast

The Amalfi Coast is a section of the Tyrrhenian Coast 
located in the Campania region (southern Italy) (Fig. 1a). 
The area belongs to the Mediterranean bioclimatic zone, 
with irregular but sometimes heavy rains. It is typified by 
climatic features in transition between the Mediterranean 
and temperate bioclimates (sensu Rivas Martinez 1993) 
(Savo et al. 2016). Here, annual rainfall amounts are rather 
high (spanning between 1000 and 1800 mm per year) due 
to the presence of the Lattari mountains that cause the 
condensation and precipitation of wet air masses (Savo 
et al. 2014, 2016). The average yearly temperature of the 
area is 18 °C, with average values of 20°–21 °C at the sea 
level, decreasing by 0.6 °C for every increase of 100 m 
in elevation (Savo et al. 2007). Such mild temperatures, 
combined with the high rainfall, provide for the creation of 
specific microclimates, especially in the narrow valleys of 
the Coast, which explain the relictual presence of floristic 
elements belonging to the tropical climatic conditions of 
the Tertiary Era (Caneva and Cancellieri 2007). Mediter-
ranean woodlands and shrublands represent the natural 
vegetation at lower altitudes and mesophilous mixed for-
ests at higher elevations (Cancellieri et al. 2017).

The bedrock is carbonatic with a presence of pumices 
and other volcanic materials in the topsoil due to the past 
activity of the Vesuvius volcano, which is located in 
the proximity of the study site (Santo et al. 2007; Savo 
et al. 2014). Most of the mountainsides have been ter-
raced and cultivated with lemon orchards in the lower belt 
and mostly vineyards and chestnut groves in the upper 
part (Caneva and Cancellieri 2007). Terraces have a flat 
surface (piazzola), which is mainly contained by stone 
walls (macerina), rarely by earth embankments (Caneva 
and Cancellieri 2007; Savo et al. 2014). The construction 
of terraces dates back to between 950 and 1025 AD. At 
that time, terraces had a significant diffusion, while since 
the fifties (after the Second World War), the agricultural 
sector has experienced a crisis, and terraces have been 
progressively abandoned since then (Caneva and Cancel-
lieri 2007). In 2001, a survey on the extension of terraces 
within the area estimated a surface of 1629,40 ha, of which 
340,78 ha (i.e., approximatively 21%) were abandoned 
(Caneva et al. 2013).

2  Materials and methods

In our study, we combined semi-structured interviews with 
vegetation surveys on terrace walls. Considering the dis-
tribution of cultivated terraces in the area, we selected 
the municipalities with the highest distribution of ter-
races, such as Maiori, Minori, Amalfi, Positano (Fig. 1b) 
(Caneva and Cancellieri 2007). Then, we performed 30 
interviews with local farmers on their terraces. Farmers 
were randomly selected within the study area, assuring the 
sampling of terraces at various altitudes and with different 
exposures. The semi-structured interviews were based on a 
questionnaire (Supplementary Information; SI 1) and had 
no time limit (Bernard 1988). We explained the scope of 
this study to each informant, and we verbally requested a 
Prior Informed Consent (Rosenthal 2006). Interviews were 
anonymous, and we followed International Codes of Ethics 
(e.g., ISE 2006). We respected the privacy of informants 
and avoided taking pictures of faces or homes. At the same 
time, we performed 34 vegetation surveys on the walls 
within the property of the interviewed farmers, follow-
ing the phytosociological method (Braun-Blanquet 1932). 
The vegetation surveys were performed within a relatively 
wide altitudinal range (from 100 to 516 m). During our 
surveys, we collected data on the exposure, altitude, wall 
type, species diversity, species cover, and we took several 
photos of each sampled plot. The dimension of the sur-
veyed plots ranged between 10 and 20  m2. We gathered 
samples of plants, and we identified them using the Italian 
Flora (Pignatti 2017). For each species, we noted the life 
form and chorological type following Pignatti (2017). We 
updated the species nomenclature using The Plant List 
Version 1.1 (http:// www. thepl antli st. org/) and Bartolucci 
et al. (2018). Plant samples were prepared as herbarium 
vouchers and deposited at the herbarium of the Univer-
sity of Roma Tre (URT). A species/survey matrix was 
prepared and subjected to Cluster analysis (Ellison and 
Gotelli 2004) to evaluate the difference among the surveys 
on the basis of the different floristic patterns.

To better evaluate the features, ecology and potential 
dynamics of vegetation, we performed a syntaxonomi-
cal classification of the plant species, considering both 
rock and wall vegetation contributions and Mediterranean 
vegetation syntaxa (Brullo and Guarino 2002; Brullo and 
Spampinato 2003; Caneva 2004; Biondi et al. 2014; Brullo 
et al. 2020). The resulting syntaxa were later assigned to 
the plant species grouped into the resulting clusters. To 
reach a synthetic view, the plants belonging to the detected 
phytosociological classes were further grouped into four 
wider ecological groups: (1) rock and wall vegetation; 
(2) nitrophilous grasslands; (3) natural grasslands; (4) 
evolved stages of vegetation. For each species belonging 

http://www.theplantlist.org/
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to the four identified plant groups, we calculated the total 
covers starting from the cover values by Braun-Blanquet 
(1932), which were attributed in the field. Subsequently, 
we converted those values into the medium value of each 
cover range (+ = 0.1%; 1 = 2.5%; 2 = 15.0%; 3 = 37.5%; 
4 = 62.5%; 5 = 87.5%), and later we summed all the cover 
values of the plants belonging to the same cluster.

3  Results

3.1  Risk factors for the stability of terraces

On the Amalfi Coast, all the interviewed farmers are still 
cultivating crops and maintaining their terraces, which have 
been often in use for several generations (Fig. 1c). However, 
two farmers also have some terraces that are no longer cul-
tivated within their farms. Farmers mostly grow lemons or 
grapes, often commercially, but also other fruits or vegeta-
bles for family consumption on their terraces (SI 2 Figure 
S1). Although we interviewed farmers who are still active, 
they were able to identify various risk factors also for aban-
doned terraces. The stability of the terrace system, according 
to the farmers, depends on several factors and management 
actions (Fig. 2). The first risk factor is the lack of main-
tenance of terraces and their retaining walls. Farmers also 
mentioned the potentially harmful effects of heavy rainfall 
and fires, especially for abandoned terraces and of animal 
breeding on either cultivated or abandoned terraces.

All the interviewed farmers still practice maintenance of 
the terraces even if they are no longer cultivating them to 
avoid their collapse. As noted by most informants (27 out 
of 30 informants), the first key factor in the management 
of terraces is maintaining waterways clear from debris to 
ensure an optimal rainwater runoff. Indeed, most farmers 
highlighted the linkage between terrace collapses and heavy 

rainfall. As noted by informants and by studies in the litera-
ture (e.g., Ramos 2016; Tarolli and Sofia 2016; Preti et al. 
2018; Agnoletti et al. 2019), heavy rainfall remarkably con-
tributes to causing deformations (i.e., bulging) of the stone 
walls and accelerating soil erosion, resulting as a major risk 
factor for the failure of terraces, especially of abandoned 
ones.

The second most relevant factor pertains to the mainte-
nance of the retaining walls, which depends on their struc-
ture (Fig. 3). The embankments of the terraces on the Amalfi 
Coast are mostly made of dry stones (17 out of 34 relevees) 
or dry stones with inclusions of concrete (13 of 34 relev-
ees); four informants have terraces reinforced with earth 

Fig. 2  Informants’ opinions on the risk factors affecting the stability 
of terraces (above the bar, in brackets, the percentage of informants)

Fig. 3  a Dry stone terrace; b Dry stone and concrete terrace; c A ripa 
terrace; d Concrete terrace. Terraces were mostly made of dry stone 
(17/34) or dry stone with inclusions of concrete (13/34); four inform-
ants had terraces with earth embankments (called a ripa), and only 
one had terraces with concrete retaining walls
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embankments (called “a ripa”), and only one has terraces 
with concrete retaining walls. These various types of retain-
ing walls require different management actions, as detailed 
below.

Informants also highlighted other factors that, to some 
extent, might damage terraces. For instance, almost all the 
informants today do not let animals graze on terraces since 
they can damage the walls or the crops [as observed in 
Kizos et al. (2010)]. At the same time, informants noted that 
instead, in the past, it was common practice to keep grazing 
animals on the terraces to optimize the limited space: the 
animals were the only source of meat, and they contributed 
to keeping clean terraces and walls. Today these practices 
are no longer profitable due to the more restrictive regula-
tions concerning animal breeding; however, some people 
still use to cut weeds (i.e., Parietaria sp. pl. or Centranthus 
ruber DC) from the walls as fodder for small animals such as 
hens or rabbits. Finally, although fires can damage terraces 
(Savo et al. 2014), farmers have noted that their incidence on 
cultivated areas is minimal for the relatively small amount 
of combustible material (e.g., dry plants) and for the easy 
access for rapid intervention.

3.2  Vegetation on the terrace walls and plant 
management

We recorded a certain diversity of plant species, primar-
ily herbaceous, and with a Mediterranean distribution (109 
species, 42 families) (SI 3 Table S1). Among the recorded 
species, two plants are endemic (Campanula fragilis Cirillo 
and Antirrhinum siculum Mill.) while three are invasive neo-
phytes (Erigeron sumatrensis Retz, Phytolacca americana 
L. and Tradescantia fluminensis Vell.). Several species (10) 
are used as fodder, and many (36) have other uses (i.e., food 
plants, medicinal plants) (Savo 2009; Savo et al. 2011; Savo 
et al. 2015).

The number of species varied greatly among the surveys 
(from a minimum of three species to a maximum of 22), 
with an evident influence on the total cover. The elaborations 
carried out through the cluster analysis showed a separation 
of our surveys into two main clusters, characterized by a 
certain difference in the floristic patterns (Tables 1 and 2). 
A comparison of the weighted spectra of life forms of the 
two clusters highlighted some important differences: while 
the percentages of Chamaephytes (Ch), Geophytes (G) and 
Phanerophytes (P) are somehow similar and comparable, 
with rather low values, Therophytes (T) and Hemicrypto-
phytes (H) show a higher variability. In the first cluster, there 
is a total rate of Therophytes of 20% and of 67% of Hemic-
ryptophytes, while in cluster II, the rate of T decreases to 7% 
and that of H increases to 79%.

Analyzing the floristic patterns of the two clusters, we 
observed that, in general, the broader groups of plants 

were referable to the Stellarietea mediae and Artemisi-
etea vulgaris classes (Tables 1 and 2), which describe 
slightly-nitrophylous and nitrophylous ephemeral and 
perennial vegetation (NIT) (Fig. 4) (Caneva 2004; Biondi 
et al. 2014). However, when considering the cover val-
ues of the plants, the species of rock and wall vegetation 
(WR), which mostly can be referred to the nitrophilous 
vegetation of the Parietarietea judaicae class (Brullo and 
Guarino 2002) and the non-nitrophilous vegetation of the 
Asplenietea trichomanis class, became the most relevant 
(Fig. 4). Species belonging to the classes Quercetea ilicis 
and Querco roboris-Fagetea sylvaticae (typical of evolved 
stages, such as garrigues and maquies, of the Mediter-
ranean vegetation and of mesophylous Mediterranean 
forests, EV) are mostly found in the vegetation relevees 
grouped in cluster II (Table 2). Interestingly, the meso-
philic species of the Querco roboris-Fagetea sylvaticae 
are only present in the relevees of cluster II. Some species 
typical of Mediterranean grasslands (MGR) (i.e., Lygeo 
sparti-Stipetea tenacissimae class) are present in both 
clusters, although with slightly higher cover values in the 
terraces of Cluster II.

The vegetation growing on the walls has a relevant 
role in the stability of terraces, according to the inter-
viewed farmers. The management of dry stone walls 
requires removing plants growing among the stones and 
the replacement of fallen stones; most informants remove 
the plants by hand or using a brush cutter, avoiding the 
application of herbicides. The use of herbicides is frowned 
upon by several informants because they kill the whole 
plant, including the root system that (if it is herbaceous 
and not disruptive) is considered as integrated into the 
walls as a sort of plaster, and also because the produce is 
mostly for home consumption and farmers prefer healthy 
organic food. As regards dry stone walls (which are typical 
of the most common typology of terraces), the number of 
interventions per year affects (although not dramatically) 
the diversity and life forms of plants growing on the walls.

On dry stone walls, vegetation is removed twice or three 
times per year (Fig. 5a, b), while terraces with concrete 
inclusions need less frequent interventions (either plant 
removal or stone replacement). Farmers also replace fallen 
stones on occasion. On terrace walls with Southern expo-
sitions, plant removal occurs only once per year to still 
avoid the growth of woody species but, at the same time, 
to maintain a protective layer of vegetation that keeps the 
stones cool and reduces the overheating of the upstream 
embankment. The maintenance of the terraces “a ripa” 
(earth embankments), instead, implies only the mow-
ing of the grass three, four times per year. Adherence to 
traditional construction techniques is also considered an 
essential factor for the durability and stability of terraces.
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Table 1  Cluster analysis (I) with identification of the vegetation classification

Progressive code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Altitude (m asl) 100 250 353 291 160 170 390 128 335 341 372 335 369 565 517 125
Slope (°) 85 80 85 80 80 85 85 85 85 85 85 80 85 85 85 85
Exposure NE SE S SE SSW SSW S W SE ESE E SE SE E NE E
BUSH STRATUM
Avg Height (m) – – – – – – – – – – – – – 10 – 20
Cover (%) – – – – – – – – – – – – – 5 – 5
HERB STRATUM
Avg Height (m) 10 20 40 30 40 10 20 20 20 20 15 20 20 20 30 30
Cover (%) 80 40 50 80 60 30 40 70 40 70 40 50 40 40 40 60
COVER
Bedrock (%) 20 60 50 20 40 80 60 20 60 30 60 50 60 60 60 40
Soil (%) – – – – – – – 10 – – – – – – – –
Surface (sqm) 20 20 15 20 15 15 10 15 15 15 15 10 20 20 20 20
Total number of species 6 12 9 14 13 16 11 13 11 17 11 12 22 13 10 15
1. Wall and Rock Vegetation (Adiantetea capilli–veneris, Asplenietea trichomanis, Parietarietea judaicae, Sedo albi–Scleranthetea biennis)
 Parietaria judaica 2 2 2 2 2 1 2 2 2
 Ceterach officinarum 1 1  + 1  + 1  +  + 
 Cymbalaria muralis  +  +  + 1 1 2  + 
 Umbilicus rupestris 1  + 1 1 1  + 
 Centranthus ruber 2 1 2 2 2
 Polypodium cambricum 2 2 1  + 
 Sonchus tenerrimus 1  + 1
 Veronica cymbalaria 1  + 1
 Selaginella kraussiana 1  + 
 Sedum dasyphyllum 1 1
 Adiantum capillus–veneris  + 
 Poa bulbosa  + 
 Crepis neglecta  + 
 Asplenium trichomanes 1
 Polypodium interjectum 1
 Asplenium ruta–muraria 2
 Capparis spinosa 1
 Cerastium semidecandrum  + 
 Campanula fragilis 1

2. Slightly–nitrophylous and nitrophylous ephemeral and perennial vegetation (Artemisietea vulgaris, Polygono arenastri–Poetea annuae, Stel-
larietea mediae)

 Parietaria officinalis 4 1 2 1 1 1 1 3 2
 Fumaria capreolata 3 1  +  +  +  + 1 1  + 
 Mercurialis annua 1 2 1 2 1  +  + 
 Stellaria media 1  +  +  +  + 2 1
 Sonchus asper 1 1 1 1 1 1  + 
 Daucus carota  +  +  +  + 
 Cerastium glomeratum  + 2 1  + 
 Calystegia silvatica 1 2 1
 Scrophularia peregrina 1  +  + 
 Campanula erinus  +  +  + 
 Papaver rhoeas  +  + 
 Avena barbata 1  + 
 Tradescantia fluminensis 1
 Geranium dissectum  + 
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4  Discussion

Terraces are used to expanding cultivable land (Bevan 
and Conolly 2011), but they also alter the hydrogeology, 
soil features, and dynamics of mountainous areas (Stanchi 
et al. 2012; Nunes et al. 2018; Moreno-de-las-Heras et al. 

2019). On the Amalfi Coast, terraces have been built since 
the X century and have faced periods of expansion and 
abandonment across the centuries, shaping the landscape 
up to the current UNESCO’s Cultural Heritage (Caneva 
and Cancellieri 2007). Terraces have been integrated into 
a suggestive natural landscape, creating an outstanding 

Table 1  (continued)

Progressive code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

 Picris hieracioides  + 
 Setaria verticillata  + 
 Euphorbia helioscopia  + 
 Sonchus oleraceus 1
 Urtica membranacea  + 
 Fumaria officinalis  + 
 Arum italicum  + 
 Urtica urens 1
 Veronica arvensis  + 
 Medicago polymorpha 2
 Silene latifolia subsp. alba 2
 Artemisia vulgaris 1
 Oxalis corniculata  + 
 Poa annua 1
 Erigeron sumatrensis 3
 Capsella bursa–pastoris  + 
 Senecio vulgaris  + 
 Lolium temulentum 1
 Lolium rigidum 1
 Geranium molle  + 

3. Mediterranean and slightly mesophylous grasslands (Tuberarietea guttatae, Festuco valesiacae–Brometea erecti, Lygeo sparti–Stipetea 
tenacissimae, Molinio–Arrhenantheretea)

 Reichardia picroides 1 1 1 3 1 1 1 2 1 1 1  + 1  +  + 
 Clinopodium nepeta  +  + 1 1 1  + 1 1 2 3  + 
 Lobularia maritima 1 2 1 1  + 
 Dactylis glomerata 1 1 1  +  + 
 Foeniculum vulgare 1  + 1 1
 Dittrichia viscosa 2 1  + 
 Hyparrhenia hirta 1
 Convolvulus elegantissimus  + 
 Hypochaeris radicata  + 
 Dasypyrum villosum 1
 Trifolium ochroleucon  + 
 Dianthus sylvestris  + 
 Trifolium campestre 1

4. Evolved stages v/s Mediterranean garrigues and mesophilous Mediterranean forests (Cisto cretici–Micromerietea julianae, Rhamno cathar-
ticae–Prunetea spinosae, Quercetea ilicis, Querco roboris–Fagetea sylvaticae)

 Achillea ligustica  + 1 1 1 2 1  + 
 Rubus ulmifolius  + 1  +  + 
 Micromeria graeca  +  + 
 Arisarum vulgare 1

Others
 Phytolacca americana 1
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Table 2  Cluster analysis (II) with identification of the vegetation classification

Progressive code 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Altitude (m asl) 150 286 134 107 169 139 209 188 83 516 491 148 299 460 467 485 500 307
Slope (°) 85 85 85 85 85 85 85 85 80 85 85 85 85 50 90 45 45 80
Exposure SE SE E E SE N NE SW N S SE N SE SW SW NE SW W
BUSH STRATUM
Avg Height (m) – – – – – – – – – – – – – – – – – 1
Cover (%) – – – – – – – – – – – – – – – – – 20
HERB STRATUM
Avg Height (m) 30 10 30 15 10 30 30 10 20 15 15 50 20 20 30 30 40 30
Cover (%) 60 20 40 100 80 60 60 20 50 30 20 40 10 80 70 90 90 60
COVER
Bedrock (%) 40 80 60 – 20 40 40 80 50 70 80 60 90 – – 10 – 40
Soil (%) – – – – – – – – – – – – – 20 30 – 10 –
Surface (sqm) 10 20 20 10 10 20 10 10 15 10 20 15 20 10 10 10 12 15
Total number of species 7 6 7 5 4 4 8 3 12 7 9 10 4 19 17 14 16 16
1. Wall and Rock Vegetation (Adiantetea capilli-veneris, Asplenietea trichomanis, Parietarietea judaicae, Sedo albi-Scleranthetea biennis)
 Parietaria judaica 2 1 2 5 4 4 3 2 3 1 1 1  + 1  + 
 Cymbalaria muralis  +  +  +  + 1
 Sonchus tenerrimus 2 1  + 
 Centranthus ruber  +  + 1
 Asplenium trichomanes  +  +  + 
 Campanula fragilis  + 1 2
 Adiantum capillus-veneris 1 1
 Selaginella kraussiana  + 3
 Antirrhinum siculum 1 1
 Sedum dasyphyllum  +  + 
 Veronica cymbalaria 1  + 
 Umbilicus rupestris  + 
 Polypodium interjectum 1
 Crepis neglecta  + 
 Polypodium cambricum 1
 Asplenium ruta-muraria  + 

2. Slightly-nitrophylous and nitrophylous ephemeral and perennial vegetation (Artemisietea vulgaris, Polygono arenastri-Poetea annuae, Stel-
larietea mediae)

 Mercurialis annua  +  +  +  +  + 
 Sonchus asper  +  + 1 1  + 
 Stellaria media  + 3 1 2 1
 Geranium molle 2  +  +  + 
 Anchusa undulata subsp.
hybrida

1 1 1 2

 Vicia sativa  +  + 1
 Veronica arvensis 1  +  + 
 Urtica urens  + 1 1
 Fumaria capreolata  + 1  + 
 Euphorbia helioscopia  + 1  + 
 Galium aparine 1  + 
 Poa annua  +  + 
 Solanum americanum  +  + 
 Parietaria officinalis 2  + 
 Matricaria chamomilla  + 1
 Campanula erinus  +  + 
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Table 2  (continued)

Progressive code 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

 Lactuca muralis  +  + 
 Lamium purpureum 1 1
 Senecio vulgaris  + 1
 Lolium multiflorum 3 4
 Silene latifolia subsp. alba 1 2
 Calystegia silvatica  + 
 Euphorbia peplus  + 
 Arum italicum  + 
 Linaria vulgaris  + 
 Chenopodium album 1
 Chelidonium majus  + 
 Rumex acetosella  + 
 Viola tricolor  + 
 Avena barbata 1
 Erigeron sumatrensis 1
 Sherardia arvensis 1
 Fumaria officinalis  + 
 Picris hieracioides  + 

3. Mediterranean and slightly mesophylous grasslands (Tuberarietea guttatae, Festuco valesiacae-Brometea erecti, Lygeo sparti-Stipetea tena-
cissimae, Molinio-Arrhenantheretea)

 Lobularia maritima  + 1  + 1
 Dactylis glomerata 1 1 1
 Bromus erectus 2 1  + 
 Bituminaria bituminosa  + 1
 Dittrichia viscosa 1  + 
 Foeniculum vulgare 1
 Hypochaeris radicata  + 
 Brachypodium pinnatum  + 
 Poa trivialis 2
 Ajuga reptans 1
 Clinopodium nepeta  + 
 Anthoxanthum odoratum 1
 Brachypodium retusum 1
 Ferula communis 1
 Reichardia picroides  + 

4. Evolved stages v/s Mediterranean garrigues and mesophilous Mediterranean forests (Cisto cretici-Micromerietea julianae, Rhamno catharti-
cae-Prunetea spinosae, Quercetea ilicis, Querco roboris-Fagetea sylvaticae)

 Hedera helix 1 2 1 1
 Pteridium aquilinum  +  + 
 Carex halleriana  + 1
 Achillea ligustica 3  + 
 Arisarum vulgare  +  + 
 Micromeria graeca  + 
 Rubus ulmifolius 1
 Brachypodium sylvaticum  + 
 Lamium flexuosum  + 
 Ficaria verna 2
 Cyclamen hederifolium  + 
 Fraxinus ornus 1
 Pistacia lentiscus 1
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example of a cultural landscape. These terraced land-
scapes, along with other natural and cultural attractions 
(i.e., beaches, cliffs, villages and monuments) of the area, 
every year attract thousands of tourists from all over the 
world.

Today, terraces and the cultural landscape that they have 
shaped are threatened by a variety of factors. Although we 
have not recorded the exact age of our informants, they 
were mostly old, with the likely possibility that their ter-
races will be no longer cultivated once they retire. If not 
adequately managed, terraces can collapse, and debris can 
build up and move downslope with heavy rainfall, causing 
landslides (Moreno-de-las-Heras et al. 2019). The periodi-
cal maintenance of terraces is essential for erosion control, 
runoff control, hydrogeological stability, and connectivity 
(García-Ruiz and Lana-Renault 2011; García-Ruiz et al. 
2013; Moreno-de-las-Heras 2019); but it is also pivotal for 
landscape preservation (Petanidou et al. 2008).

The various management actions had a high consen-
sus among farmers, suggesting that their Local Ecological 
Knowledge is built on shared observations and experiences. 
These three management actions (removing vegetation from 
the walls, keeping waterways clear, and repairing walls) are 
also reported in the literature (e.g., Di Fazio 2008; Palmer 
et al. 2010; Momirski and Gabrovec 2014); however, each 
author tend to stress one or two actions, and generally the 
details on vegetation control are missing. Most informants 
noted that clearing waterways periodically and removing 
vegetation from the walls two or three times per year is 
generally enough to assure the functionality of the terrace 
system and avoid collapses. The importance of maintaining 
water drainage is widely underlined in the literature, and for 
instance, Preti et al. (2018) suggest that this strategy might 
be useful to reduce the incidence of wall deformations. On 
the Amalfi Coast, over the centuries, farmers have developed 
an intricate network of channels and waterways to convey 
spring waters to the fields but also to drain outflow waters 
from the terraces (Caneva and Cancellieri 2007). Repairing 
damaged walls can be challenging, but the restoration of col-
lapsed terraces is more expensive and demanding than peri-
odic maintenance, and terraces are not always restored using 
traditional construction techniques as in our set of analyzed 

Table 2  (continued)

Progressive code 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

 Polystichum setiferum 1
 Quercus pubescens  + 

Others
 Centranthus calcitrapa  + 
 Helichrysum italicum  + 

Fig. 4  Number of species and their total cover in the two resulting 
clusters, referred to the four main ecological groups of plants grow-
ing on terrace walls on the Amalfi Coast. WR Walls and Rocks Veg-
etation, NIT Slightly-nitrophylous and nitrophylous ephemeral and 
perennial vegetation, MGR Mediterranean and slightly mesophy-
lous grasslands, EV Evolved stages v/s Mediterranean garrigues and 
mesophilous Mediterranean forests. Columns refer to the number of 
species in the two clusters (Bright gray = Cluster I; Dark gray = Clus-
ter II); Dots refer to the total cover of the species in the two clusters 
(White dots = Cluster I; Black dots = Cluster II). The total cover cor-
responds to the sum of the cover of all the species of each group in 
the two clusters

Fig. 5  a Average number of species (per survey) in relation to the 
number of interventions (Int.) each year (above the bar, in brackets, 
the percentage of informants); b Life forms of species in relation 
to the number of interventions each year (Ch = Chamaephytes and 
P = Phanerophytes are short or tall woody species; T = Therophytes 
(ephemeral); H = Hemicryptophytes and G = Geophytes are perennial 
herbaceous species)
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terraces, we found several with concrete inclusions (see also 
Stanchi et al. 2012).

The management of vegetation on the embankments is 
also a pivotal management strategy. As regards dry stone 
walls, plants are cut and then sometimes used as feed for 
small animals or, in some instances (e.g., Reichardia pic-
roides (L.) Roth, Sonchus oleraceus L.), are used by farmers 
to prepare salads or soups. However, we were not able to 
demonstrate if farmers were favouring the growth of use-
ful species on their walls. Arguably, it is possible that, in 
the past, farmers applied some selection criteria during the 
removal of the vegetation to optimize labour, benefits, and 
resources. Today, clearing management strategies tend only 
to favour herbaceous species, which generally are not harm-
ful to stone structures (Caneva et al. 2018; Cicinelli et al. 
2018). Chamaephytes and Phanerophytes, which produce a 
more robust root system, instead, can damage structures by 
moving the stones and reducing the adhesion between them 
(Caneva et al. 2008), and resulted poorly represented among 
the plants colonizing the walls (around 11% of the total 
cover). As regards earth embankments, the grass is mowed 
and then often used as a fooder. In the past, farmers would 
simply let the animals graze on the terraces, a practice that 
is not quite common in the Mediterranean area (Segui 1999) 
and today it is no longer practiced on the Amalfi Coast.

The vegetation analysis reinforced the findings of our 
interviews. The managed terrace walls are mostly domi-
nated by annual species typical of the Stellarietea mediae, 
thus plants with a smaller root apparatus that is not harmful 
to the terrace structures. Most species are nitrophilous or 
subnitrophilous ruderal plants that are not surprising to find 
in the proximity of agricultural fields. The cover of typical 
nitrophilous perennial wall plants, such as Parietaria juda-
ica, together with Parietaria officinalis, resulted, however, 
potentially dangerous for the stability of the walls. We also 
found species typical of natural habitats of the Quercetea 
ilicis, highlighting the Mediterranean character of the area, 
and Querco roboris-Fagetea sylvaticae mostly in cluster II, 
which resulted in closer connection with natural vegetation. 
The lower cover of such classes in cluster I may also depend 
on more intensive management activities on the terraces, 
which prevent the natural evolution of the spontaneous veg-
etation (Palmer et al. 2010).

According to the literature, there are different poten-
tial futures for abandoned terraces. They can be recolo-
nized by natural vegetation, whose cover and dynamics 
depend on the time since abandonment (e.g., Ruecker et al. 
1998; Poyatos et al. 2003; Bonet 2004; Rühl et al. 2006; 
Koulouri and Giourga 2007; Palmer et al. 2010), soil and 
aspect (e.g., Blasi et al. 2000; Cyffka 2006; Rühl et al. 
2006; Barbera et al. 2010) and previous land use (e.g., 
Douglas et al. 1996; Ginés 1999; Cyffka and Bock 2008). 
In this case, the progressive growth of plants belonging 

to evolved stages will re-establish the natural forest com-
munities, with a collapse of terraces, but without land-
slides, since wooden roots, after the initial penetration, 
can then expand, surround and englobe the ruined walls. 
A similar phenomenon was often observed in the case of 
abandonment of archaeological sites with a subsequent 
plant recolonization (Caneva 2004; Caneva et al. 2005). 
However, vegetation recolonization is dynamic (Ingegnoli 
and Pignatti 2007) and can be disturbed by fires or graz-
ing, which can reduce plant cover and promote soil erosion 
with potential impacts on terrace stability and landslide 
risks (Moreno-de-las-Heras 2019). In any case, the loss 
of terraces results in the loss of a cultural landscape of 
high relevance and, consequently, it can cause irrepara-
ble damage to the local traditions, identity, sense of place 
and cultural ecosystem services (Vos and Meekes 1999; 
Schaich et al. 2010). In this perspective, any action aimed 
at preventing and reducing the loss of terraces is valuable 
(Antrop 2005; Kladnik et al. 2017). The preservation of 
traditional agriculture and related practices is thus pivotal 
for safeguarding natural and cultural landscapes, which are 
becoming increasingly relevant in the Mediterranean area 
(Caneva et al. 2018; Cicinelli et al. 2018).

5  Conclusions

The management of terraces on the Amalfi Coast is still 
carried out by the farmers, even if abandonment is increas-
ingly becoming a threat to the cultural landscapes of the 
Coast. According to our study, it seems that simple, uncostly 
actions can prevent, or at least reduce, the incidence of land-
slides. Finding ways to maintain vital agriculture on the 
Amalfi Coast thus becomes a priority for the conservation 
of the cultural landscape (and related LEK) that has contrib-
uted to making the area a UNESCO Cultural Heritage site.
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