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Abstract: Agricultural terraces and stone walls present a characteristic view of
the Mediterranean landscape, and are vital in relation to the conservation of
biodiversity, ecological functionality and cultural heritage. The aim of the study
is to identify the contribution of micrometeorology of the agricultural terraces
and stone walls, and impacts on the biodiversity of the Mediterranean
landscape. The literature review survey indicates that terraces and stone walls
provide various vital goods and services, and are potential and interesting assets
for the development of the Greek areas. It is noteworthy that agricultural
terraces and stone walls are an important habitat for biodiversity and they are
creating multiple microenvironments enhancing its conservation and sustaining
the stability of the ecosystem. Consequently, these landscape elements should
be preserved as they favour the components of biodiversity, which are the
source of our food and medicines, fibres, fuels and industrial products. The
utilisation of the biodiversity components contributes substantially to the
economy and the development of tourism.
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1 Introduction

Greece is considered to be the centre of the Mediterranean biodiversity, and it is also
accepted as a predominant biodiversity hotspot globally (Solomou and Sfougaris, 2021).
A profound characteristic of Greece is its abundant fauna and flora, the high number of
fungi species and a wide display of ecosystems and landscapes. There is high endemism
as the high percentage of the species found in Greece are considered to be unique
worldwide (Dimopoulos et al., 2013; 2016; Solomou and Sfougaris, 2021). Also, it
contains a variety of climatic conditions, the ample coverage of natural and semi natural
habitats, long coastlines and a wide and well documented variety concerning its
topography with high aesthetic and cultural values (Solomou and Sfougaris, 2019).
Greece hosts a variety of local climatic types, constantly changing within the last century,
presenting shifts to more arid conditions (Tsiros et al., 2020). The country’s complex
topographic terrain, the diversity of altitudes, the great number of islands and the relative
long coastal line compared to its area, result in a variety of local climates. Based on
Thornthwaite’s aridity index, Tsiros et al. (2020) analysed data from 91 meteorological
stations and identified three main climatic types (humid, sub-humid and semi-arid) out of
the five according to UNEP (1992) climate classification system.

Agricultural terraces and stone walls present a characteristic view of the
Mediterranean landscape especially that of the Aegean islands. They are the largest and
most common landforms that humans have ever produced. Terraces can be found on all
inhabited continents and up to the 19th century CE they were the only major systematic
and globally anthropogenic alteration to slopes. For this reason, agricultural terraces are
probably the most obvious pointer of the “Anthropocene epoch” but paradoxically, their
age (some being over 6,000 years old even the Hanging Gardens of Babylon belong to
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agricultural terraces) presents problems concerning any formal distinction of the period
they belong to (Brown et al., 2017; 2021).

Cultivation terraces and stone walls are a typical characteristic landscape element
found all over the world (Grove and Rackham, 2002; Netting, 1993). They are pieces of
sloped plane that have been cut into series of successively receding flat surfaces which
resemble wide steps, in the Mediterranecan area usually supported by a stone wall
(Petanidou et al., 2008) and are used for effective farming, sustaining a variety of
different land uses [e.g., cereals, vegetables, pulses, and other arable crops; vines and
trees (orchards, chestnuts, nuts and olives); and grazing lands (sown with pulses or
cereals), etc.]. Cultivation terraces and stone walls have a number of benefits concerning
the environment and human societies, as the Ecosystem services they provide are vital.
More specifically, the most important benefits are:

control of soil erosion (caused by water or winds)
b protection against extreme weather events (flood prevention, strong winds, etc)

¢ creation of green infrastructure for island ecosystems, with multiple benefits for their
adaptation to climate change

d creation of micro habitats suitable for the conservation, protection and enhancement
of biodiversity

e production, under specific conditions, of high quality products

f  enhancement of the high aesthetic and cultural value of the Mediterranean landscape
(Koulouri, 2004; Krahtopoulou and Frederick, 2008; Petanidou, 2015).

In the Mediterranean of the 20th century, terraced olive plantations and vineyards were
not abandoned to the degree of other terraced arable cultivations. This apparently
happened because permanent plantations such as olive and vine plantations serve as a
significant investment both in time and money and they can still provide high quality
products for the consumers (Bevan et al., 2013; Solomou et al., 2020). In contrast, tillable
cultivations were abandoned in preference to the easier to cultivate lowlands
(Grenon and Batisse, 1989). Unfortunately, the abandonment of the terraces and the
adoption of new, intensive types of crops resulted in the destruction of many of these
stone structures (Petanidou et al., 2008). The immediate consequences are increased
erosion (Cammeraat et al., 2005; Koulouri and Giourga, 2007) and reduced soil fertility
(Gebremedhin et al., 1999; Vagen et al., 1999), elements that in some small islands
caused total abandonment of agriculture (Bevan and Conolly, 2011; Van der Sluis et al.,
2014).

Changes concerning the land use and generally the landscape at the farm scale can be
resulted from the economic efficiency of the land/farm uses and other socioeconomic
issues. Related research conducted worldwide targeting at the use of cultivation terraces
has revealed common characteristics in otherwise different backgrounds (Kizos et al.,
2010).

According to literature, Bakker et al. (2005) link on Lesvos (Greece) an intense
change concerning the use of land and also the physical geological characteristics
(relief-slope gradient) with soil erosion rates which consequently cause even more land
changes. Terraces come first in their description, as they play an important role in the
land use changes. Hill et al. (1998) cover the impacts of grazing on the island of Crete
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and present the policy and socioeconomic forces concerning the need for grazing areas.
Also, Petanidou et al. (2008) discuss another similar case on the Nisyros island
(Aegean Sea) and explicate social and economic factors being the most important force
pressing towards the almost complete cultivation neglect and landscape change, including
the disintegration of terraces. Blanchemanche (1990) and Nixon (2001) present the most
complete accounts concerning the cultivation terraces found in the Mediterranean area. In
their studies we find a historical perspective of the role of cultivation on terraces and the
reasons leading to the abandonment of this practice. The authors provide examples of
various terraces styles and their functions from all the Mediterranean area. Furthermore,
they thoroughly explain the causes of their neglect and its impacts (Kizos et al., 2010).

It is known that the cultivation of drystone terraces composes the most important
large-scale human intervention on the landscape of the islands since the emergence of
their civilisation. It is noteworthy that the art of stone walls in Greece was registered in
2018 in the representative list of UNESCO for the intangible cultural heritage of mankind
(UNESCO, 2021). Nowadays, the creation of new terraces has ceased and their
maintenance is negligible. For this reason, the Ministry of Rural Development via the
Measure 4 entitled: “Investments for agricultural holdings and agricultural products”
which constitutes one of the most important measures of the Greek Rural Development
Program 2014-2020, funds the action 4.4.3 entitled: “Maintenance and construction of
terraces” (Rural Development Program-RDP, 2014 — 2020).

The purpose of this paper is to review research regarding:

&

the description of the manmade stone elements of the rural landscape
b the micrometeorology of terraces and stone walls
¢ the contribution of terraces and stone walls to biodiversity

d the possible impact of climate change.

2 Methodology

Literature review constitute a methodical penetration into the already existing knowledge
regarding a specific topic selected by researchers (Botelho et al., 2011). The literature
searches about the micrometeorology of the agricultural terraces and stone walls, and
impacts on biodiversity in the Mediterranean landscape of Greece was decided to
consider the period of the past 30 years with special consideration of the more recent
literature (from year 1996 to 2021). This information was obtained using the main online
scientific sites including Scopus, Google Scholar, PubMed, Science Direct and
MEDLINE. Searches were also conducted in the dissertation and thesis search engines
such as ProQuest, open-thesis and national documentation centre. The keywords
important to the search, were: Mediterranean landscape, agricultural terraces, stone walls,
micrometeorology, climate, biodiversity, flora, fauna, soil moisture, runoff, infiltration,
erosion, transpiration, wind protection, soil fertility, Greece (Figure 1).
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Figure 1 Word cloud of key-words. source: prepared by the authors using
https://www.wordclouds.com/ (see online version for colours)
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Papers published in International journals, books and websites served as literature
sources. Keeping in mind that a literature review analyses, synthesises and critically
evaluates in order to clarify the knowledge of a subject, full papers were downloaded
when that was possible. When it was not feasible, the titles of these papers were googled
and downloaded from other publication databases including the personal profiles of the
researchers from social networking sites such as Research Gate and Academia edu

(Solomou et al., 2019).

3 Description of the manmade stone elements of the rural landscape

During the last centuries the rural landscapes of the Mediterranean area have important
alterations. Traditional Mediterranean agricultural topography featuring dry stonewalls
and terraces is connected with the agricultural beginnings of most modern Mediterranean
societies. It is noteworthy that terraces were constructed so as to increase the land for
cultivation and preserve the natural resources of soil and water. Although their presence
in the past is questionable, they can be detected in the Sth century BC (Foxhall, 1996) and
even earlier, during the iron age (Grove and Rackham, 2002). They are present all over
the Mediterranean basin (Grove and Rackham, 2002) in four types (Rackham and

Moody, 1992):
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a  step, which can be found in a straight line or along the contours
b braided, which zigzag on the slope
¢ pocket, which support individual trees

d dry stonewalls.

Figure 2 Agricultural drystone terraces in different Island Regions Of Greece, (a) Tinos,
(b) Kythera (c—d) Milos (e) Kea (f) Naxos (see online version for colours)

(b)
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For the majority of the Aegean islands, the slow but steady increase concerning the
population until the first quarter of the 20th century, led to their expansion to major parts
of available areas. However, the rural “exodus” that followed this climax, brought about a
certain neglect of agriculture on terraces and a gradual decline of their quality, if not their
devastation. The first two types of terraces, supported various land uses, such as cereals,
vegetables, pulses and other cultivable crops; vines and trees (orchards, chestnuts, nuts
and olives); and also grazing lands (Kizos, 2003). The third type supported individual
trees, especially olive trees covering the Aegean areas. Terraces are built with dry
stonewalls having inverse triangle shape, while the shape above has been dug and filled
with soil. The techniques differ according to the materials found locally (rock
size-geology) and according to the local traditions. Last but not least traditional dry
stonewalls are most commonly built as livestock fences in coastal areas and islands (built
against grazing or for marking field limits) (Gasparis, 1997; Myriounis et al., 2015).

Figure 3 Agricultural drystone terraces in different mountainous regions of Arkadia-Greece
(see online version for colours)

(b)
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Figure 4 Agricultural drystone walls in different regions of Greece, (a—b) Naxos (c—d) Kea
(see online version for colours)

Figure S Snails using the favourable microenvironment of a stone terrace in Naxos (see online
version for colours)
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4 Micrometeorology of terraces and stone walls

The improvement on soil water conditions in terraced sites was identified by many
authors (i.e., Courtwright and Findlay, 2011; Zhang et al., 2017). Terracing enhances
water infiltration and storage in soil and prevents runoff and erosion (Hammad et al.,
2006; Perlotto and D’Agostino, 2018; Sandor, 1998; Stanchi et al., 2012). The
establishment of vegetation has a serious influence on soil hydraulic characteristic and
fertility through the increase of soil organic matter and also the functional role plant
roots. Recent studies (Koulouri and Giourga, 2007; Romero-Diaz et al., 2017) indicate
that in abandoned terraces colonised by natural vegetation the soil organic matter and
infiltration was increased and runoff was decreased, compared to recently abandoned
ones that were barely-covered with vegetation. Additionally in a very interesting review
by Moreno-de-las-Heras et al. (2019) several key factors beyond vegetation cover are
identified as important with positive influence on soil infiltration and runoff (e.g.,
stoniness, soil thickness, unequal distribution of soil depths within the terrace, surface
crusting, vegetation disturbance, livestock grazing, wildfires, etc.) underlining the
multiple benefits ensued from preserving traditional terraces and also the hydro-
geomorphological consequences of their abandonment.

The soil moisture availability can highly influence the growth dynamics of the forest
plant species (Brito et al., 2015; Cermék and Prax, 2001; Pataki et al., 2000; Proutsos
et al., 2017), since it defines the available water in the rootzone that can be used by the
plants. In the terraced sites soil depth is higher compared to that found at the slopes and
thus soil can maintain and store more water for the plants. This is of high importance in
rainfed (farming or forest) ecosystems and can define the plants establishment, survival
and growth.

Especially in rainfed ecosystems the presence of stone walls and stone covered risers
can influence the distribution of rainfall especially when rain drops fall with an angle
against the stone elements. In such cases the eroding ability of rainfall water diminishes
since the velocity of rain drops reach zero as they fall on the stone elements of the
structure, moving vertically thereafter in the terrace surface. In this way, the water is
added in the terrace and is slowly absorbed by the soil enhancing its moisture and
infiltration rates without moving sediments. This is very important in cases of high
intense precipitation but also effective when large amounts of precipitation fall in the
terrace. In the second case, its sediment movements are possible, however, these
movements are more likely to occur inside the terrace and rarely from one terrace to
another.

In the Mediterranean zone, terraces receive precipitation of about 500-700 mm
per year, 100% infiltrated (Ackermann, 1996; Lavee et al., 1998), that makes the terraces
sustainable in terms of water availability for vegetation (Ackerman et al, 2019).
However, in semi — arid and arid climates, the rocky environment enhances runoff, which
can reach about 80-90% of precipitation (Yair and Kossovsky, 2002). In these cases, the
terraces or soil pockets receive the amounts of water from the direct precipitation and
also the additional water from the runoff, allowing water harvesting for sustaining
vegetation growth and survival (Ackermann et al., 2019).

Relevant studies on the micrometeorology of terraces and stones walls are very rare,
especially those dealing with the impacts on the growth dynamics of plants and
specifically under the Mediterranean environmental conditions. In a recent study,
Zhang et al. (2017) assessed the effect of terracing on soil water content and canopy



12 A. Solomou et al.

transpiration in a pine (Pinus tabulaeformis) plantation in a semi-arid site in China and
compared terraced and sloped sites during two subsequent years with different
precipitation levels. This climatic type is very similar to many regions of the Aegean Sea
Cyclades Islands complex, Evia (a neighbouring island to Attica), Attica basin and Crete
(Tsiros et al., 2020; Proutsos et al., 2021). Zhang et al. (2017) identified that during the
relatively wet year, the soil water content was by 25.4% higher at the terraced sites
compared to the slope and the daily transpiration rates (during the growing period) were
enhanced by about 9.1%. Canopy conductance was also found to increase by 3.9% and
sup flow rates were also by 20.2% higher, whereas flood runoff and sediment
transportation was decreased. Similarly, Shen et al. (2015) for the same species found
canopy transpiration and conductance values by 6.9% and 3.9% higher at the terraced
sites compared to the slope sites, respectively.

Sunlight distribution in the agricultural terraces, compared to the relatively more
smooth continuous slopes, considerably differs since the roughness of the terraced slope
is increased allowing the multiple scattering of the radiation beams. The usually stone
covered riser of the terrace also influences the optical properties of the surface, altering
its energy budget. These sunlight patterns vary both on a diurnal and on seasonal basis,
considering the direction of the radiation beams and the intensity and spectral
composition of the direct and diffuse solar radiation fluxes (Liakatas et al., 2002;
Proutsos et al., 2019), allowing the formation of a variety of microenvironments even on
the same terrace with shadowed and sunny, hotter and cooler, humid or drier micro-areas
that can enhance both flora and fauna diversity.

The impact of terraced environment in wind direction and speed is also an important
issue. The terraced slopes, as already mentioned, are characterised by the increased
roughness of the surface compared to the untouched slopes. The roughness will increase
by the construction elements height and density, enhancing friction and resulting in lower
wind speeds near the ground. In this way agricultural terraces and especially stone walls
contribute to the protection of the plants from strong winds or even from heat waves and
drought events that can affect their growth dynamics and are common phenomena even at
the high mountainous sites of the Greek Peninsula (Proutsos et al., 2010; Proutsos and
Tigkas, 2020). It should also be noted that wind movements and especially its vertical
component, highly affect the energy (solar radiation, heat) and mass (carbon, vapor)
fluxes and thus the photosynthetic rates, with impacts on the surface productivity.
Additionally, the orientation of the stone elements can alter the direction of winds adding
also to the protection of the vegetated surfaces.

5 Contribution of terraces and stone walls to biodiversity

Greece is considered as a ‘hot spot’ concerning biodiversity. More than 7,000 native
plant taxa are found in Greece with 20% of them being endemic. The vascular flora of
Greece embraces 5,885 species and 2,000 subspecies (native and naturalised) which in
turn, represent 6,760 taxa, belonging to 1,087 genera and 184 families (Dimopoulos,
2013; 2016). The Greek flora is unique in Europe mainly for its abundance and its large
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analogy of endemic species and their relevant ecosystems. Geographically Greece is set
among three continents (Europe, Asia, Africa) and together with factors such as a mild
Mediterranean climate, intense relief, vast beaches, numerous islands and a most
interesting palacogeographical history provides unique and ideal habitats for Europe and
the planet (CBD, 2010).

As far as the Greek fauna is concerned, 23,130 species of land and freshwater animals
have been recorded, of which 3,956 are endemic and 3,500 are marine species
(Fauna Europaea Web Service, 2004; Legakis and Maragkou, 2009). Over the last
30 years scientific research on macromycete diversity in Greece has shown that around
3,000 species have been sporadically recorded in the country (Topalidou et al., 2021).
There is also a large diversity of the Greek flora, reflecting the diversity of its fauna. It is
known that during the Ice Age, the Hellenic territory sheltered animals coming down
from N. Europe. Another important fact is the large variety of habitats found in relatively
small areas, which contributed to the creation of individual populations of wildlife
evolved into new species and subspecies, thus creating endemism (CBD, 2010).

Terraces and stone walls present a characteristic view of the Mediterranean landscape
especially that of the Aegean islands. In many cases, they create ecological habitats,
offering temporary or permanent refuge to various biodiversity components such as flora,
invertebrates, reptiles, birds, etc. This very orientation of the terraces to the south may
create fire risks, nevertheless these retaining walls store heat during the day, releasing it
at night thereby ‘creating a local microclimate’ necessary for many organisms, resulting
in the increase of biodiversity (Vernikos et al., 2001). These constructions-landscape
mosaics create an artificial habitat and organism shelter proving to be an important
guardian of biodiversity. At the base of the terraces and the stone walls an ideal
environment is created with high humidity and increased primary productivity. These
factors are important for the abundance and diversity of soil arthropods population
(e.g., spiders, coleoptera, etc.) (Arnelt et al., 2002; Dajoz, 2002; Pafilis et al., 2014).

Furthermore, according to the study which took place in three Aegean islands
(Andros, Naxos, Milos), along with invertebrates, the populations of certain reptile’s
species are favoured, especially lizards, which showed very large population
concentrations in the terraces and stone walls (Pafilis, 2014).

Finally, during the summer period, the slits and openings found on the stone walls
accommodate another species, the shelled gastropods, protecting them during their
breeding period. This probably has to do with the moisture ‘blocked’ there and the
increased calcium deposits most useful for the construction of their shells, factors
contributing to the welfare of these organisms (Manenti, 2014). Other frequent ‘visitors’
are the reptiles, whose exothermic condition is the key in their selection of suitable sites
where they can find warmth, rich food and protection (Adolph, 1990) and for these
reasons find stone terraces very attractive. It is important to note that these areas are of
paramount importance for wildlife because they provide an important refuge for species
which constitute important food for many bird species.
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Figure 6 Plants using the favourable microenvironment of stone terraces in Aegean islands,
(a—c) Kythera (d—e) Nisyros (f) Andros (see online version for colours)

(d) (e)
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Another proof of their importance is the fact that dry and shady plants find ideal
conditions there, as these terraces host species that are scattered by the natural flora of the
neighbouring areas. Also, terraces and stone walls are also a refuge for plant species
whose natural habitats are under pressure, such as cliffs and crevices (Varti-Matarangas
and Katsikis, 2002). The degree of plant species coverage vary greatly from place to
place depending on the micro-geographical conditions (microclimate, altitude, etc.)
(Petanidou, 2001). Other factors concerning the growth of herbaceous plants on terraces,
are the age/condition of the construction, its orientation, moisture retention and shading
of the area, all of which regulate their health (Pafilis, 2014).

Also, Darlington’s (1981) contention that small animals sheltering in walls distribute
the seeds of zoophilous plants around wall bases, fact that favours the plant species
composition. Furthermore, Lesschen et al. (2008) refer that the secondary succession
after abandonment commences initially with annual or biannual plants and is followed by
perennial forbs, grasses and shrubs. This might be a possible explanation for the diversity
of species seen in terraces and stone walls.

Van Ruijven and Berendse (2005) refer in their study that the main function of the
terrace soils was to increase productivity and when abandoned, the level of the
disturbance has not been severe compared to other disturbances (although the remaining
soils generally offer characteristics for natural regeneration). These satisfactory
conditions increase, produce and in some cases can be associated with greater diversity
(Loreau et al., 2002). Likewise, the higher vegetation cover in the terraces may be related
to the better soil conditions, particularly the higher water and nutrient availability. The
study presents that the composition of species cannot be differentiated although it is quite
true that some species are characteristic of either the abandoned terraces or the non-
terraced natural soil. Several factors may explain this absence of differentiation: the
existing distances between the natural grounds and the terraces favour colonisation,
providing a good and nearby source of propagules. Therefore, even after disuse, these
characteristics remain suitable for colonisation on the terraces (Stanchi et al., 2012).

6 Possible impact of climate change

The role of terraces is different with regard to the climatic zones that they appear. In
more arid climates with low precipitation, they were created to preserve the fertile soil
and to enhance soil water availability in order to have sustainable and more productive
agricultural systems. In most humid climates with high precipitation its role is also
important in enhancing infiltration and for flood prevention.

It is important to discriminate the traditional agricultural terraces from the modern
land terracing techniques. In an interesting work, Ramos et al. (2007) assessed the
sustainability of modern constructed terraces in the Priorat region of SE Spain for
viticulture, underlining the difference with the traditional terraces. The authors mention
that shortly after the construction of the modern terraces with mechanical means,
extended and irreversible landslides occurred, attributing the failures to the criteria
adopted for the construction of the terraces, which was only trafficable without
considering the movement of water or other environmental and climate-related factors.

The Greek climate is characterised by decreasing precipitation on a magnitude of
15% the recent climatic period (1961-1997) compared to the past (1931-1960), with also
increasing (+9%) water deficits in the dry period and decreasing (+38%) water surplus
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during the wet period of the year (Tsiros et al., 2020). The above pattern and mainly the
rapid increase in water deficit during the dry period of the year and the decrease in water
surplus at the wet period, is expected to influence the water availability for vegetation in
Greece with higher risk in the Greek islands which are characterised by more arid
conditions. In these cases, the preservation of the stone terraces is of critical importance
for sustaining the already stressed natural vegetation. The abandonment and collapse of
the terraces has been already occurring along with overgrazing and the changing climate
is expected to result in a significant degradation of the natural vegetation. Accordingly,
the stressed vegetation will not be able to contribute to the protection of the terraces
(and their favourable environment for plants). All the above, introduce an urgent need for
implementing actions for the conservation and protection of stone terraces and walls
which can be considered as a climate friendly — nature based solution for climate change
adaptation and mitigation, since their construction from the farmers of the past was
implemented in order “to adapt to different climate conditions and take advantage of the
natural systems” as stated by Ackermann et al. (2019). It is a fact that even nowadays,
drystone terraces are being used and preserved in several Greek areas (e.g., Arkadia,
Crete, Cyclades, Korinthos, Kythera, Lymnos) because their inhabitants live by farming
on these terraces. As a result, the preservation of the terraced landscapes depends on the
local farmers, so they should be energetically involved in the matters having to do with
terraced farming. More specifically, they should become part of the decision-making
concerning appropriate strategies for ensuring the continuity and efficacy of these
cultural landscapes of the Greek locale.

7 Conclusions

Terraces and stone walls are part of the landscape’s cultural tradition and heritage and
even contribute to the financial development of the local communities. Based on an
environmental view, they create suitable micro-environments for biodiversity and
enhance its conservation. Nowadays, there is the current trend concerning an effort to
preserve cultural topographic characteristics and actually whole landscapes. It is true that
these landscape changes have deprived islands and generally the Mediterranean area of
local knowledge such as stone building, land, and biodiversity management. This is a
major loss in productive, ecological, and symbolic terms as progressively the true
potential of local varieties and management systems is realised in modern production
systems. Hence, terraces and stone walls are essential to be preserved as a measure for
the protection of the local flora and fauna and for strengthening ecosystems adaptation
mechanisms in order to cope with climate change. Further research could help to clarify
that the conservation and re-cultivation of terraces can work as green infrastructure
(e.g., through environmental and biological indicators monitoring, climate change
projections, etc.), an effort that is going to revitalise and modernise the primary sector,
rending it multifunctional as well as economically and environmentally sustainable.
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