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Abstract: Transhumance, the seasonal movement of herds between highlands and 

lowlands following precise, repeated routes, is a common practice in many Mediterranean 

regions. This livestock movement exploits natural vegetation in both winter and summer 

pastures. In Greece transhumant herders, drawn by relatively abundant vegetation, usually 

relocate to mountainous areas between April and October. Mount Vermio was an ideal 

summer pasture for the nomadic, ethnic group Sarakatsanoi of Thessaly, who used to own 

big herds. Socio-economic conditions of the 20th century led to the gradual decline of 

transhumance, resulting in reduction in grazing pressure and changes in vegetation 

dynamics. The purpose of this study was to monitor changes in landscape patterns in 

response to transhumance abandonment. Landscape metrics were employed to estimate 

land use/cover in two altitudinal zones. Results reveal that due to the abandonment of 

transhumance in the highlands landscape fragmentation increased. Meanwhile, in the 

lowlands, due to the uninterrupted presence of animals, landscape structure is more stable 

and diversified. Grasslands and agroforestry systems became smaller and more isolated. In 
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conclusion, the abandonment of transhumance led to the overall deterioration of the rural 

landscape in the highlands. 
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1. Introduction 

Transhumance is the cyclical, annual migration of livestock between high elevation rangelands 

(summer pastures) and low elevation rangelands (winter pastures), to exploit their seasonal growth and 

avoid harsh, seasonal weather conditions, such as cold winters and hot summers, respectively [1–3]. In the 

Mediterranean area, this has been a common practice adapted to climate variability for centuries [4–6]. 

Approximately half a year, animals are kept on the lowlands (winter pastures) grazing on common 

land and/or on fallow cropland during the winter. From spring to autumn, flocks accompanied by 

humans tending them, are moved to highlands (summer pastures) to graze the lush forage that grows 

on these areas during the summer period [1,7]. They typically return back to lowlands in the middle to 

end of autumn. 

Traditionally, transhumant flocks were moved on foot following rather fixed routes that facilitated 

commercial activities, accommodation, and complementary farming activities, giving rise to long term 

settlements [8]. The importance of these routes is reflected in the variety of names used in different 

regions of the Mediterranean to describe them, namely tratturi in Italy, cabañeras in Aragón, azadores 

reales in Valencia, carreradas in Catalonia, carraires in Provence, caminhos in Portugal, cañadas 

reales—royal transhumance routes—in Castilla y León [9], and vlachostrata in Greece [10]. 

Grazing pressure of flocks, on both winter and summer pastures, exerted a strong effect on 

vegetation dynamics [11–13], in forage quantity and quality [14], and in species and community 

diversity [15–17]. Grazing also has an impact on the spatial heterogeneity of vegetation, affecting 

ecosystem processes and landscape diversity [18,19]. Grazing and other pastoral activities, especially 

in summer pastures, create openings and corridors in forests and rangelands resulting in the emergence 

of mosaic-like landscapes and vegetation changes both along the routes and on highland  

rangelands [20–22]. The size of these changes is such that transhumance is considered key landscape 

shaping factor and not just ecological disturbance mechanism [23]. It is this type of animal husbandry 

that preserves two very important landscape types, rangelands, and open forests. Reduction in grazing 

can result in expansion of forest and shrublands at the expense of semi-natural grasslands [1,24,25]. 

In Greece, pastoral activities date back to 6500 B.C. at the beginning of the Neolithic era [26]. 

Long-distance transhumance however was absent, since it required high demand for pastoral products 

and a politically unified territory that was not common at this historic time [27]. During the Ottoman 

Empire, the transhumance nomadic livestock farming system was gradually developed [28].  

Greek transhumant herders, drawn by relatively abundant vegetation and mild temperatures, grazed 

from October to April in various coastal plains. As summer approached, they moved to highlands 

where melting snow produced rich forage [8]. 

Transhumance in Greece took the form of societal organization in which large, independent family 

groups migrated with, and organize their lives around livestock husbandry [8]. Several ethnic groups 
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such as “Sarakatsanoi”, “Karagkounoi”, “Vlachs”, and “Koupatsaroi” are linked with this pastoral 

activity [1]. Sarakatsanoi, in particular, are considered the ethnic group closest to ancient transhumance 

and they appear all over continental Greece, especially in Thrace and Thessaly [29–31]. In the past, 

they did not own any pastures, nor had permanent residencies at their summer or winter encampments. 

However, in 1919, “enoikiostasio”—rent control—was included in Greek legislation and Sarakatsanoi 

were obliged to use the same summer and/or winter pastures every year [1,30,31]. 

Competition for summer pastures on the mountains of northern Greece was intense in the past [32]. 

According to Chatzimichali [33], Mount Vermio, located in central-north Greece, accommodated 66% 

of the goat and sheep of Macedonia. It was easily reached and had abundant grasslands that retained 

summer vegetation because of the altitude and the frequent rainfalls [32]. For the Sarakatsanoi of Thessaly 

(Figure 1), it was an ideal summer pasture, therefore, around 1918, they started colonizing it [32].  

 

Figure 1. The main bulk of the Sarakatsanoi in Mount Vermio originated from the Thessaly area. 

The map depicts the number of animals per winter pasture (processed, adapted data, from 

Chatzimichali, 1957). 

The seasonal migration of flocks—“on foot” movement—from Thessaly to the summer pastures of 

Vermio, lasted 8–10 days and nights and followed the same route each year. The flocks were 
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accompanied by the herders and their entire family, as well as horses, mules, and donkeys carrying all 

their belongings [32]. Since they did not have permanent residencies, they used to build new reed huts 

every year, or repair old ones [32,34]. Sarakatsanoi were organized in autonomous, closed societies, 

called “tseligkato” which all kinds of professions (grocers, cheese makers, tailors, bakers, etc.) that 

ensured autonomy [1]. These social structures had high cultural identity, social cohesion, and effective 

use of resources [30,33].  

According to Chatzimichali [33], in 1950s there were 177 families of Sarakatsanoi with a total 

number of animals 224,820 sheep and goats on Mount Vermio. Katsaros [32] questions these figures 

and concedes that the animals did not exceed 150,000–170,000, attributing this discrepancy in 

Chatzimichali’s inventory being based on personal information from Sarakatsanoi, who exaggerated 

the size of their flocks in order to increase their social status. 

Since the beginning of the 20th century, socio-economic conditions including the agricultural 

reform, World War II, the restriction of grazing in mountainous areas, and rural depopulation, resulted 

in a decrease of transhumance practices [1,11,35]. Nowadays, the “tseligkato” system has become 

almost extinct and Sarakatsanoi have settled in villages near the summer or winter  

pastures [28,36]. Transhumance is replaced by a type of vertical trasteminance. Grazing period in 

summer pastures has shrunk to approximately four months and most shepherds feed their animals with 

small quantities of grain during the whole summer [11]. 

The abandonment of traditional transhumance practices triggered changes in vegetation composition 

in remote areas due to secondary succession [11]. This modification could have significant consequences 

on landscape diversity [37,38]. Multi-temporal analysis of landscape pattern could provide useful 

insights on the impact of transhumance abandonment on land-use/cover changes [39]. 

The current status of all landscapes, especially in the Mediterranean area, is the result of land uses 

and management regimes or policies [40]. It is widely accepted that information of land use evolution 

is fundamental for ecological research, especially for studies linking the influence of socio-economic 

factors on land management practices and the distribution of current and future forms of land use [41]. 

The quantification of landscape structure is fundamental to understand the relationship between 

structure, ecological, and socio-economic processes [42,43]. For this purpose, several landscape 

metrics that quantify spatial heterogeneity have been developed [44,45]. 

Landscape metrics depicting spatial features (configuration, distribution, proximity, etc.) are crucial 

for ecological processes taking place in a landscape [46,47] and have been used to (a) compare the 

spatial heterogeneity among different landscapes [48–51]; (b) to study temporal evolution of landscape 

dynamics [52,53]; and (c) to monitor landscapes [54–58]. 

Landscape metrics can be calculated for individual patch (discrete areas of relatively homogeneous 

environmental conditions), class (aggregation of same type of patches) and overall landscape [46,59]. 

Patches are the basic “building blocks” of landscape structure and most metrics derive from their 

spatial character and distribution [53]. They are surfaces that differ in appearance from their 

surroundings and vary in size, shape, and type [60]. At the class and landscape level, some of the 

metrics quantify landscape composition, while others quantify landscape configuration. Landscape 

composition and configuration can affect ecological processes independently and interactively [61,62]. 

Thus, it is especially important to understand which aspect of landscape pattern is being quantified by 

each metric. 
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A large number of metrics, that describe multiple aspects of landscape pattern, are available [46], 

such as (a) area metrics (e.g., class area-CA) concerning the size of patches; (b) patch density and size 

metrics (e.g., number of patches-NumP, average size of patches-MPS); as well as (c) shape metrics 

(e.g., mean shape index-AWMSI); and (d) diversity metrics (e.g., proximity index-MPI, Shannon’s 

diversity index-SDI, Shannon’s evenness index-SEI) including patch diversity, evenness, and proximity. 

The effects of transhumance on landscape structure have not been studied in detail, both in Greece 

and worldwide. The importance of historical cartography and the GIS environment as an integrated 

methodology to rediscover transhumance landscapes and integrated planning was emphasized by many 

authors [63,64]. Russo, et al. [65] investigated the transition from transhumance to fixed site  

stock-breeding by elaborating indices such as farm size and continuation of farming. Olea and  

Mateo-Tomás [66] analyzed transhumant activity in the uplands of the Cantabrian Mountains, NW 

Spain, and found that there was a strong spatiotemporal adjustment in the use of these mountain areas 

by transhumant livestock. In Greece, Mitka, et al. [67] investigated temporal landscape changes due to 

the cessation of transhumance practices on Mount Pindos, using landscape indicators, and Sklavou, 

Karatassiou, and Sidiropoulou [21] analyzed the evolution of vegetation and landscape on Mount 

Vermio, however, both studies were carried out after 1963, when transhumance was already starting  

to decline. 

• The current study attempts to enhance the comprehension of the impact of transhumance on 

landscape pattern, provide basic information for assessing potential ecological threats and 

promote sustainable land-use planning using landscape metrics. Landscape metrics are used as a 

tool for the analysis and interpretation of land use/cover changes in Mount Vermio due to 

transhumance abandonment. To this end, the specific objectives of this study were to create land 

cover maps of Mount Vermio for 1945 and 2009. 

• To estimate a set of landscape indices, which reveal qualitative and quantitative characteristics of 

the landscape, for 1945 and 2009. 

• To assess and interpret the impacts of transhumance abandonment on the landscape, for the 

entire study area, as well as for two altitude zones separately. 

2. Materials and Methods 

2.1. Study Area 

The study area is Mount Vermio, located in central-west Macedonia (Figure 2). Mount Vermio has a 

North–South orientation and is administratively shared by three prefectures: Imathia, Kozani, and Pella. 

The study area covers ca. 94,000 ha in an altitudinal zone spanning from 700 m–2052 m above  

sea level. 
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Figure 2. Location of study area at Mount Vermio. 

Mount Vermio has mostly gentle-moderate slopes. Northern exposures predominate, mainly on the 

Northeast part of the mountain, followed by eastern, southern, and western exposures [68]. The climate 

is sub-Mediterranean in the uplands and meso-Mediterranean in the lowlands. Minimum rainfall 

occurs during the July–August period, but the atmosphere is never totally dry due to the vicinity to 

archipelagos [69]. 

Forests and woodlands are found mainly on the eastern part of the mountain. Numerous plant 

species such as Pinus nigra Arn., Abies borisii-regis Mattf., Castanea sativa Miller., Ilex aquifolium 

L., Juniperus sp., Quercus sp., Salix sp., Populus sp., Platanus sp, Acer sp., Fraxinus sp., Buxus 

sempervirens L., Cornus sp., Prunus sp., and Robus sp. can be found in this ecosystem [69]. 

2.2. Methodology 

Up until 1960, transhumance was still practiced intensely on Mount Vermio. For the landscape 

change analysis, datasets for 1945 and 2009, before and after the radical decrease of transhumance on 

the study area, were collected. The locations of the Sarakatsanika tseligkata were obtained from 

Katsaros [32]. The verification of their exact location was possible using the aerial photographs of 

1945 provided by the National Cadastre and Mapping Agency S.A. (NCMA S.A.) [70] (scale 1:5000), 

as well as topographic maps of 1953–1955 provided by the American Military Geographic Service 

(AMS) [10] (scale 1:50,000) where several locations were marked as “kalivia” (huts) followed by the 

name of the leader herder (e.g., Arkoúdha) (Figure 3). 
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Figure 3. Sarakatsanika tseligkata on Mount Vermio, on the topographic maps of the 

American Military Geographic Service (1953–1955), indicated by the word “kalivia” and 

the name of the leader herder (scale 1:50,000). 

The altitude stratification of Sarakatsanika tseligkata was based on the ASTER Global Digital 

Elevation Map (GDEM) [71]. For the land cover classification of the study area, two orthophotograph 

mosaics were produced, using aerial photography surveys of 1945 and 2007–2009 [70]. The spatial 

resolution of the mosaics is 0.5 m and their scale is 1:5,000. Land cover information was generated 

through photointerpretation and delineation of land cover polygons on these orthomosaics, according 

to the fixed classification scheme (Table 1). The digitizing exercise was implemented in 1:10,000 

scale, with 1 ha minimum mapping unit, within a Geographic Information System (GIS) environment. 

Table 1. Classification scheme of land use/cover in Mount Vermio. 

Land Use/Cover Class Description 

Grasslands 
Areas dominated by herbaceous plants, with ground cover of woody 
vegetation less than 10% 

Shrublands Areas dominated by evergreen woody shrubs with sclerophyllous leaves 
Agroforestry systems 
(Open grazed forest) 

Areas dominate by herbaceous plants, with ground cover of woody 
vegetation between 10% and 40% 

Forests Areas with relative tree cover higher than 40% 
Agricultural land Fields with permanent or temporary crops 
Other land Areas with manmade features, including villages, mining fields, etc. 

Patch Analyst Extension for ArcGIS 10.1 software [72] was used to compute quantitative metrics 

for describing landscape structure [46]. The most appropriate metrics were chosen, based on previous 

multi-temporal landscape studies [48,53,73–75]. Metrics were calculated on both landscape and class 
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level (Table 2). Classes corresponded to the different land use types and each class consisted of 

numerous polygons (patches). 

Table 2. List and description of metrics used in the study [46,76]. 

Landscape Metric Abbreviation Description Unit 
Land-scape 

Level 

Class 

Level 

Class Area CA Sum of areas of all patches ha -  

Number of Patches NumP Total number of patches  -   

Mean Patch Size MPS Average patch size ha   

(Area Weighted) 

Mean Shape Index 
AWMSI 

Measure of shape complexity. The index 

equals one when all patches are circular or 

square and increases as patch shape becomes 

more irregular 

-  - 

Mean Proximity 

Index 
MPI 

Measure of degree of patch isolation and 

fragmentation within a specified radius. 

Integrates information on size and distance of 

like patches from a specified focal patch 

within a defined radius 

-   

Shannon’s Diversity 

Index 
SDI 

Measure of relative patch diversity. The index 

equals zero when there is only one patch in 

the landscape and increases as the number of 

patch types or proportional distribution of 

patch types increases 

-  - 

Shannon’s Evenness 

Index 
SEI 

Measure of patch distribution and abundance. 

It is equal to zero when the observed patch 

distribution is low and approaches one when 

the distribution of patch types becomes more 

even 

-  - 

Class area (CA) is a measure of landscape composition. It refers to the abundance of a particular 

type of patch, without taking into account its spatial nature or location [46]. It provides basic 

information regarding the landscape that can be used in a variety of applications such as land use 

change analysis [60,77–79], strategic landscape planning [37], and planning of natural resources and 

wildlife management [62,80,81].  

The number of patches (NumP) is a measure of landscape configuration. It refers to the spatial 

character of a class or a landscape, and indicates the extent of fragmentation [46]. NumP is 

proportional to the landscape area, e.g., the larger the landscape, the greater the chance of containing a 

greater number of patches. Therefore, the comparison of the index between landscapes with different 

size is usually problematic [82]. From an ecological point of view, more patches in a landscape ensure 

landscape abundance, thus reducing the risk of losses due to disturbances such as fire, flood, 

epidemics, etc. According to Franklin and Forman [83], if a class is divided into a larger number of 

patches, it can be more resistant to disturbances and therefore more likely to be maintained. 

The average size of patches (MPS) is a measure of landscape subdivision. According to McGarigal 

and Marks [46], it is perhaps the most important and useful information that can be derived from 
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landscape analysis. Patch size affects biomass, productivity, nutrient storage, composition, and 

diversity of species [60]. The average size of patches can serve as an indicator of landscape function 

and fragmentation providing direct estimates regarding the populations of animals a landscape can 

support [84]. 

Mean shape index (MSI) is a measure of patch complexity. Simple patches shapes such as circles 

and squares have different effects on ecological functions and human management than more complex 

ones. Patch shape affects the size and nature of patch interaction with the environment, mainly through 

the edge effect phenomenon, which refers to changes in the microclimate, the disturbances, the 

ecological processes, etc., on the outskirts of neighboring patches [37]. As shape complexity increases, 

so does edge habitat abundance. 

The proximity index (MPI) provides a measure of patch isolation and landscape configuration [85]. 

This is a unit free index that contributes mainly to comparative analyzes between different patches in a 

landscape or between spatial configuration of patches in different landscapes. 

Shannon’s diversity (SDI) and evenness (SEI) indices have been widely used in a variety of 

environmental applications [46]. SDI refers to the number of different patch types, while SEI to the 

distribution of different patch types in an area. These indices express the degree of disorder (entropy) 

in an ecosystem (natural or artificial) and hence the degree of their criticality [86,87]. Diversity is a 

well-known property of ecosystems which is very useful in the characterization of heterogeneity in 

time and space. Ecosystems with great diversity display great stability. Measuring landscape diversity 

is useful not only for land use change evaluation, but also for the prediction of potential impact on the 

structure and function of alternative land uses. In the Mediterranean basin, diversity is proven to be 

intrinsically associated with landscape heterogeneity and man-induced land use changes [88–90]. 

In the past, transhumance was mainly practiced between 1800–1100 m and only few tseligkata were 

located below 1100 m. Today, transhumance is almost abandoned except seven tseligkata that still 

exist in the 1800 m–1100 m zone. In the last decades however, a new grazing system appeared, a type 

of vertical trasteminance, where animals graze below the 1100 m threshold. For a more detailed 

analysis, two altitudinal zones were distinguished: high (1800 m–1100 m) and low (700 m–1100 m). 

3. Results and Discussion 

Based on the topographic maps of the American Military Geographic Service (AMS) [10] and data 

from Katsaros [32], 27 summer pastures in total served the tseligkata in the past. The number of horses 

and mules that followed the flocks exceeded 7000. The majority of tseligkata were located at an 

altitude of approximately 1500 m, with the lowest being at 1100 m. Today, only seven tseligkata exist 

on Mount Vermio [21] (Figure 4). 
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Figure 4. Locations of Sarakatsanika tseligkata on Mount Vermio before 1950 (blue dots) 

and in 2009 (red circles). 

The average grazing extent of each tseligkato was 1212 ha, within a 2 km radius approximately 

from the shed (Figure 5). Today, transhumance is replaced by a type of vertical trasteminance where 

flocks are hosted in permanent sheds in the villages and graze nearby [7]. According to the Payment 

and Control Agency for Guidance and Guarantee Community Aid (PCAGGCA) [91], there are 

currently 27,532 sheep, goats, and cattle freely grazing in Mount Vermio. They typically graze 

pastures surrounding their sheds, in a radius not greater than 250 m (Figure 5). 
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Figure 5. Spatial distribution of grazing on Mount Vermio. The circles indicate the  

(a) 2 km radius of animal movement around each shed/tseligkato in 1945; and the (b) 250 m 

radius of animal movement around the current permanent sheds in 2009. 

The significant decrease of grazing animals led to land use/cover changes ((Figure 6). Comparative 

data analysis between 1945 and 2009 showed a substantial decrease in rangelands (grasslands, 

shrublands, and agroforestry systems) and agricultural lands and an increase of forests and other  

land uses. 

 

Figure 6. Land use/cover changes on Mount Vermio in 1945 and 2009. 
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More specifically, grasslands, shrublands, and agroforestry systems decreased by 13.6%, 12.6%, 

and 86.98%, respectively, agricultural land decreased by 29.8%, while forests increased by 102.1% 

and other land uses by 1054.4% (Figure 7). The above increase of other land uses could be attributed 

to the establishment of a mining field in the southwestern part of the study area near the village 

Karioxori, which covers the greatest part of Greece’s needs for lignite and electricity production. 

 

Figure 7. Land use (thousands ha) in the experimental area on Mount Vermio in 1945 and 2009. 

The changes in rangelands and forests were the result of a declining trend in transhumance livestock 

system in Mount Vermio during the last 30 years [21], common to other mountainous areas, both in 

Greece and other Mediterranean countries [17,92,93]. The abandonment of transhumance was the 

result of various socio-economic factors that have significantly influenced the lifestyle of herders and 

the landscape in mountainous ecosystems and rural areas [21,94]. Spatial pattern of grazing creates 

habitat heterogeneity in the landscape and influences species richness in different ways. 

Land use/cover changes between 1945 and 2009 point out a trend towards fragmentation and 

complexity, manifested in a decrease in homogenization, with a larger number of patches (NumP) and 

a decrease of their average size (MPS) (Figure 8). The overall decline of livestock pressure produced 

an acceleration in the process of plant succession with woody plants [95]. 
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Figure 8. Landscape metrics for the entire landscape of Mount Vermio. 

Landscape Change Analysis per Altitudinal Zone 

Changes in landscape diversity between 1945 and 2009 were examined in the high (>1100 m) and 

low (700 m–1100 m) zone. Both Shannon’s Diversity (SDI) and Shannon’s Evenness (SEI) Indices 

indicated differences in landscape heterogeneity (Figure 9). Specifically, landscape structure on the 

lowlands of Mount Vermio is more stable and diversified, both in 1945 and 2009, possibly due to the 

uninterrupted presence of animals. 

 

Figure 9. Shannon’s Diversity (SDI) and Shannon’s Evenness (SEI) Indices per altitudinal 

zone on Mount Vermio between 1945 and 2009. 
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Land use metrics for each land use category (class) in each zone were calculated in order to 

interpret changes in landscape between 1945 and 2009 (Figure 10). 

 

Figure 10. Class metrics per altitudinal zone on Mount Vermio between 1945 and 2009. 

The number of patches (NumP) of forest cover and their average size (MPS), across the study area, 

represent significant land use changes within the study region. Since 1945, there has been a 

progressive decrease in transhumance practices in Mount Vermio [21], which led to the increase of 

forest cover in the uplands, indicated by the increase in the number (NumP) of forest patches, their 

average size (MPS), and the total cover (CA). This change has been observed in most North 

Mediterranean areas, in which agricultural and pastoral activities have declined, during the last  

50 years [73,96]. In the low zone however, opposite trends were observed. Forest cover (CA) increased 

slightly but the number of patches (NumP) and mainly their average size (MPS) decreased, indicating a 

more continuous vegetation canopy. The undisrupted presence of animal husbandry in that area, resulting 

in an abiding landscape, may account for the observed differences between the two zones [68]. 

Agroforestry systems in the higher zone occupied large areas (CA) and were highly dispersed in the 

past (MPI) (Figure 10). Transhumance practices such as tree pollarding, shredding, and lopping [1,97,98], 

the use of timber for fire and constructions [32], woodcarving, loom making etc. [33], maintained an 

open, diversified landscape with scattered trees. The abandonment of these practices led to a 
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significant decreased in both size (MPS) and spatial distribution (MPI) of agroforestry patches, leading 

to increased fragmentation and isolation. In the lowlands, the number of patches (NumP), average size 

(MPS), and proximity (MPI) of agroforestry systems decreased, but these changes were less intense, 

mostly because they occupied smaller area in this zone compared to the highlands (>1100 m). 

The abandonment of transhumance practices triggered changes in both size and distribution of 

grassland patches. In the uplands, until 1945, landscape was dominated by large, well-distributed 

grasslands, as indicated by MPS and MPI respectively, controlled by grazing from sheep and goats, as 

well as from the large number of horses and mules. Nowadays however, patch number (NumP) 

increased, and average size (MPS) and proximity (MPI) decreased, thus grassland patches became 

more isolated and small (Figure 10). In the low zone, grasslands changes were less pronounced with 

the exception of a significant increase in their proximity (MPI). The continuous presence of grazing 

animals acted as regulator of grassland distribution stability. 

Maintaining shrublands and agroforestry systems is useful not only for small ruminant feeding but 

also wildlife habitats [66]. Moreover, the preservation of transhumance livestock system in Greece, as 

well as other Mediterranean countries with semi-arid climate, is a critical element towards maintaining 

ecosystem function and sustainability [17]. 

4. Conclusions 

In the Mediterranean area, pastoralism has played a key role in shaping mountainous landscapes [2]. 

Transhumance has been a pastoral practice fully adapted in Mediterranean ecosystems [99].  

Socio-economic changes in the Mediterranean region during the last 50 years resulted mainly in the 

abandonment of pastoral activities in the mountainous area and a relative increase in forests [96,100,101]. 

In Greece, rural abandonment, legislation, agricultural reform, and World War II, lead to the decline 

of transhumance practices. In Mount Vermio this triggered changes both in vegetation composition 

and spatial arrangement. There was a significant reduction of the area occupied by natural grasslands 

and a subsequent increase of forest size. This trend is more intense in the uplands due to the total 

abandonment of grazing opposite to only a partial reduction in the lowlands. 

This study showed that the analysis of landscape structure can provide valuable insights on the 

driving forces shaping Mediterranean landscapes. Landscape configuration can be a useful tool for 

natural resource management and biodiversity conservation. 
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