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ABSTRACT

Terraced cultural landscapes provide valuable information on the historical interaction
between societies and the environment that can help to ensure their survival. The
irruption of tourism and, more recently, globalization, have caused a process of
deterritorialization (loss of relationship with the history and memory of places) and
an undervaluation of spaces that are characterized by their heritage value and their
socio-ecological multifunctionality. This is the case of the terraces of Gran Canaria
(Canary Islands, Spain), which suffer the threat of abandonment. The aim of this
study is to carry out the first mapping of terraces on the island in order to analyse
the environmental and social factors that influence their spatial distribution. To carry
out this analysis, the database of a study titled “The Cartography of the Potential of
the Natural Environment of Gran Canaria” (Sdnchez et al.,1995) was used to obtain
the layer of landscape units with terraces. To check its reliability, a cross-validation
was carried out, comparing the result obtained from this source (scale 1:18,000, from
orthophoto1987) with that derived from the photointerpretation of flight imagery
taken between 1951 and 1957 at 1:1,000 scale. For this, a hydrographic basin was used
as a pilot area, obtaining a significant level of coincidence of 87.4%. The main results
show that terraces cover around 38.8% of the island’s surface and that 55% of them are
covered with scrub as consequence of the vegetation recolonization that followed the
abandonment of agricultural with the arrival of tourism.
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1. INTRODUCTION

Terraced slopes are ancestral agricultural landscapes (Sandor, 2006; Grau & Pérez, 2008;
Wei et al., 2016), built through the collective effort of local populations and adapted
to the local natural environment. They are cultural landscapes that result from the
interaction of society and the natural environment over time. UNESCO recognizes
them as cultural elements in the form of intangible heritage and as cultural landscapes
(UNESCO, 2018; 2019). The FAO recognizes the value of the agricultural practices that
are developed in them for generating a local economy, maintaining biodiversity and being
resilient agrosystems in the face of abrupt changes (FAO, 2021). However, the terraced
landscapes recognized and protected to date are only a symbolic example of the wide
expanse of terraced landscapes that exist in mountainous regions of the world, in very
different climatic conditions and with dimensions that are often still unknown. They are
also “everyday landscapes” which the European Landscape Convention consider to be

potential resources that favour economic activity and sustainable development (Consejo
de Europa, 2000).

Terraced slopes are multifunctional agroecosystems (Lasanta et al., 2011; 2013; Romero
Martin et al, 2014; Varotto, 2015; Noriyuki, 2015; Romero Martin et al., 2016; Marco
Molina et al.,2018; Romero Martin, 2020) that provide numerous ecosystem services (Wei
et al., 2016; Brunori et al., 2018; Romero-Diaz et al., 2019). For this reason, they should
also be taken into account, as already proposed by numerous institutions, organizations
and researchers, as highly effective agrosystems in the face of the need for adaptation to
climate change (Bocco & Napoletano, 2017; Mylona et al, 2020).

Despite the above, terraced landscapes have been largely ignored by regional and local
institutions, as can be seen by their scant presence in territorial and sectoral legislation
and regulations (AZman Momirski & Ber¢i¢, 2016; Romero Martin et al, 2016), or in
an institutional cartographic production in which this extensive cultural heritage and
agricultural resource is cartographically invisible (Varotto & Ferrarese, 2008). Some
authors point out that the lack of thematic mapping of terraces is due to: i) the terracing

of slopes not being a planned process; ii) the scarce interest that the existence of this
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type of agricultural structure arouses, associated as it is with small private properties and
poor areas; iii) the lack of the microgeographic knowledge necessary to locate, in high
resolution images and with the use of sophisticated technologies, those terraced spaces

subjected to prolonged abandonment and densely covered by vegetation.

Given its territorial condition, any analysis of or intervention in these landscapes,
regardless of the approach (heritage, environmental or socioeconomic), must begin
with the identification and characterization of the area occupied by terraces. This is a
complex task because these infrastructures are developed in geomorphological and
historically contrasted landscapes that also, in most cases, suffer significant abandonment
(Brancucci & Paliaga, 2008; Pappalardo et al., 2016). Nonetheless, in recent decades,
terrace identification and mapping techniques have been implemented. The spectrum
of work ranges from in-field GPS-based identification (of surfaces and walls), with
analogue cartographic support and the subsequent digitization and implementation
of GIS (Petanidou et al., 2008), through cartography- and GIS-based identification at
regional scale (Agnoletti et al., 2015), to works that pursue automatic LiDAR-based
identification and the creation of digital terrain and digital surface maps (Sofia et al.,
2014), or that compare the results obtained by various methods (Ber¢i¢, 2016; Pappalardo
et al., 2016; Cosner, 2017). The maximum level of spatial precision for the identification
of terraces (Dfaz-Varela et al., 2014) is achieved with remote sensing systems installed
in unmanned aerial vehicles (UAVs). However, these methods are expensive and the

necessary technology is not always available.

In this context, the aim of this work is to carry out a mapping of terraces on the island of
Gran Canaria (Canary Islands, Spain) in order to analyse the environmental and social
factors that influence their spatial distribution. In addition, it is intended to provide the

first characterization and zoning of the terraces of the island.

2. STUDY AREA

The island of Gran Canaria occupies a central position in the Canary Island group and is
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Figure 1. Study area. Gran Canaria island and the areas with terraces detected by Sdanchez et al., 1995.
In red, the Agaete ravine and its basin used fo validate the information.

)



2020 VOL. 1NUM.1 139

the third largest in size (1,560 km2) and altitude (1,949 m above sea level (a.s.l.) at Pico de
las Nieves) (Fig.1). It is a volcanic island, 14.5 Ma old, located in the oceanic lithospheric
plate of Africa (Yepes & Peces, 2012; Mangas, 2020). The geological evolution of Gran
Canaria follows the patterns typical of a hot-spot volcanic island (Walker, 1990).

Two geomorphological units can be differentiated: the Neocanaria, in the north and east
sector, and the Paleocanaria, in the south and west. In the first, the most recent materials
predominate (between 7.2 Ma and the prehistoric age) and there is notable alternation
between flat watersheds and ravines, while in the second the oldest materials emerge

(from 14.5 to 7.2 Ma) and the relief is very steep.

Gran Canaria currently has the appearance of a domed building, with an almost circular
plan of about 45 km in diameter and a radial network of ravines spreading out from
its central part. On its coastline, steep vertical cliffs on the western coast contrast with
soft platforms and wide beaches in the eastern and southern coastal sectors. 63.4% of its
surface is located between 200 and 1,000 m.a.s.l. and 33% have slopes above 12° (Santana-
Santana & Villalba Moreno, 2008).

Due to its subtropical location, it is under the thermoregulatory influence of the cold
oceanic Canary Current and the trade winds and the stratocumulus mantle of the Azores
anticyclone. There are two sectors with different climatic characteristics: a windward sector
known as the Alisiocanaria that is cool and humid and a leeward sector that is warm and
dry known as the Xerocanaria (Santana-Santana & Pérez-Chacén Espino, 1991, Sinchez
et al., 1995). The average annual temperature ranges from 20.9°C on the north coast to
23.5°C in the south and 13.7°C at the summit. Average annual rainfall ranges from 80 mm
in the south of the island to more than 800 mm per year in the northern mid-elevation

area (between approximately 600 and 1,500 m.a.s.l.) known locally as the meidanias.

In the history of the construction of the agricultural landscapes of Gran Canaria, there are
three different stages of unequal duration and economic and territorial imprint (Santana-

Santana & Pérez-Chacén Espino, 1991; Santana-Santana, 2001; Romero Martin, 2015):
)
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i) pre-Hispanic times (300 BCE-15th century), with cereal-based agriculture and very
limited terracing developed by the aboriginal population; ii) from the 15th century to
the 1960s), with extensive terraced agriculture for the production for self-consumption
and exportation of a wide range of products (sugar cane, vine, potatoes, corn, bananas,
tomatoes, etc.); and iii) from the 1960s to the present day, notable for the marginalization,
under-utilization and, in the worst case, destruction of the terraced slopes as a result
primarily of the introduction and development of a new urban-tourist economic model.
Currently, the island has a population of 851,231 (INE, 2019) and over 4 million tourist

visitors annually (Frontur, 2019), while just 18.6% of the island’s surface is cultivated.

3. METHODOLOGY

3.1. Identification and cartography of the surface area of terraced
slopes

To identify and map the terraced agricultural surface on the island of Gran Canaria, the
GIS database created to map the potential of the natural environment of Gran Canaria
was used as the main source of information (Sinchez et al., 1995). The information is
structured in landscape units (Boluda et al., 1984; Zonneveld, 1989 and Pérez-Chacén,
2002), where different taxonomic ranges (environments, systems and units) are considered,
with the most detailed (unit) being the one used as a reference to elaborate the database.
These are areas that present a similar eco-anthropic functioning, at a given scale, and
were delimited by field work and photointerpretation of aerial imagery taken by Geocart
S.A. (Madrid, Spain) in 1987 at 1:18,000 scale. From the georeferenced database, the
information corresponding to the surface of terraces for each unit was used, expressed in
four categories divided by quartiles (0< x <20%, 20 < x < 40%, 40< x <-60%, and x 260%).
In this work, which is preliminary, only units in which the terraced area was greater than
20% were considered because an area of less than 20% occupied by terraces in the entire
unit can show quite imprecise data, for this reason 121 units were discarded. Of the 2009
landscape units identified in Gran Canaria, some 746 were detected with the presence
of terraces and an area greater than 20%. The spatial distribution of the terraced units is

closely linked to the dominant landform on this island, the hydrographic basin.
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With this information, a layer was elaborated (terraced surfaces in the landscape units)
from which all built-up surfaces were subsequently eliminated. This was performed using
the Erase feature of ArcGis, operating on the national topographic database dated 2018
(1:25,000) available at the download centre of the Spanish National Geographic Institute
(IGN).

In order to corroborate the reliability of Sdnchez et al. (1995) regarding the distribution
of terraced landscapes at island level, a cross-validation was carried out with overlaying
tools to compare the layer of terraces extracted from Sdnchez et al. (1995) and the one
carried out for the Agaete ravine basin, by photointerpretation of the aerial imagery taken
between 1951 and 1957 by the Spanish Government’s Cartographic and Photographic
Centre (CECAF) at a scale of 1:10,000 (ortho-rectified at 40 cm/pixel), obtained
from IDE Canarias S.A. (Figure 1, red). It should be noted that the scales of the aerial
photographs used are different, as well as the dates of the flights used. The oldest date of
1951 coincides with a period in which agricultural activity was the basis of the island’s
economic system, while 1987 represents a chronological cut in which agricultural
abandonment is widespread and prolonged (more than 20 years of cessation of agricultural
activity). Therefore, it should be considered that the intense recolonization that occurs
after agricultural abandonment may have in some cases made it difficult to identify the

terraces from the aerial imagery of 1987.

3.2. Spatial distribution and characterisation of the terraces

The analysis of the spatial distribution of the crops on terraces and their characterization
was carried out using tools integrated in geographic information systems (GIS) and
statistical summaries, relating the units of terraces with the environmental variables of
altitude, slope, geology, watersheds and vegetation. In addition, the terraces were also
related to the different types of crop and to the protected natural areas of the island,
included in the Canary Islands Network of Protected Natural Spaces, providing
fundamental information on the degree of exploitation and the categories of conservation.
'The variables of altitude, slope and hydrographic basins were calculated from a digital
elevation model (DEM) with a spatial resolution of 5 m (Table 1) using ArcGIS software.
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Spatial data Year Variable Source
Aerial photograph 1951-1957 Cartographic and Photographic Center.
Ministry of Defence. Government of
Spain (CECAF)
Digital elevation model - Altitude National Geographic Institute of Spain
(DEM) - Slope (IGN)
- Hydrographical basins
Geology layer (Shapefile) {2010 - Geology Geological and Mining Institute of
Spain IGME)
Land cover layer 2002 - Scrub and herbaceous  |GRAFCAN (Canary Government)
(Shapefile) vegetation
- Agricultural
- Forests and reforestation
- Bare soil
- Urbanizations and
infrastructures
- Water
Protected Nature 2000 Protection type Planning Service of Protected Natural
Areas layer (Shapefile) Spaces and Landscapes (Canary
Government)
Ethnographic Inventory |- Ethnographic elements  |Foundation for Ethnography and the
location Development of Canarian Crafts
Terraced landscape units 1987 Terraced agricultural Map of potential of the natural
(shapefile) surface environment of Gran Canaria

Table 1. Characteristics of the information source used.

The altitude, from the DEM, was reclassified (reclassify tool) into the following intervals:
0 =x < 200,200 < x < 400, 400 < x < 600, 600 < x < 800, 800 < x < 1000, 1000 < x < 1200
and 21200 m. The slope was also calculated from the DEM with algorithms integrated
in the GIS (slope tool) and reclassified (reclassify) with the following intervals: 0° < x <
15°,15% <x < 30°,30° < x < 50°, 50° < x < 90°, and 290°. Finally, using specific hydrology
algorithms implemented in the GIS, the hydrographic basins were obtained through
hydrology tools (Spatial analyst). The rest of the variables were obtained directly from the

spatial information sources that are detailed in Table 1.

Finally, and starting from the consideration that the cultural landscapes on terraces
constitute territorial units in which, in addition to these agricultural infrastructures, all
the heritage elements or assets necessary for the survival of the community are integrated,

a list of the ethnographic assets was downloaded from the website of the Foundation for
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No. of units Terraced area Terraced area / island surface
ha km? %
>20% area 746 51,146.4 511.46 32.8
<20% area 121 9,452.9 94.53 6.1
TOTAL 867 60,599.3 605.99 38.8

Table 2. Terraced area in Gran Canaria

Ethnography and the Development of Canarian Crafts. From this information, an initial
classification of nine categories was made according to activity or use, and the number of
ethnographic assets according to type was calculated for each of the hydrographic basins
of Gran Canaria. The established typology includes the following categories: agricultural,
religious, commercial, livestock, hydraulic, industrial, road, recreational/artistic, and

residential.

4. RESULTS AND DISCUSSION

4.1. Terraced area. Precision of the cartography employed

According to the cartography made using the database of Sdnchez et al. (1995), the
maximum surface of terrace units on the island of Gran Canaria is 605.99 km2,
corresponding to 38.8% of the island’s surface area (Figure 1, Table 2). The 121 units
with a terrace area of less than 20% are reserved for future work in which more precise
cartographic analysis will be carried out. The characterization of the terraces was carried

out on the surface of environmental units with a terraced surface greater than 20%, that is,

on the 51,146.4 ha, that is, 32.8% of the island surface.

The terraced area in the Agaete basin obtained using the database of Sdnchez et al. (1995)
is 16.92 km?2 (Fig. 2, A), and the one calculated by the authors of this work is 14.79 km2
(Fig. 2, B). Assuming a matching surface between the two cartographies of 9.88 km2, a
coincidence level of 87.41% is obtained (Fig. 2, C). Consequently, it is considered that
Sanchez at al. (1995) is a validated source for the whole of the island.
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The precision of the information related to the characterization of the terraced units can
therefore be considered significant or acceptable for an initial work of a regional nature, in
which the aim is to carry out a preliminary characterization of the terraced surface on an

Atlantic island like Gran Canaria.

In Italy, the strong insular component of the terraced area in that country was revealed

through the MAPTER Project (Ferrarese et al, 2019). This was particularly notable in

Ry Vg v
_ Matching'surface .
o P e

Figure 2. Result of the reliability analysis in the pilot study area (Agaete basin): comparison of the
mapping based on the database of Sdanchez et al. (1995) (A) and the database obtained through
photointerpretation by the authors at a scale of 1:1.000 (B). Given the match obtained of
87.41%, it is considered that the source is validated for the whole of the island (C).
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the Tyrrhenian Sea in two of the seven islands of the Aeolian archipelago: in Lipari, with
83.94% of its area terraced, followed by Salina with 75.53%. In addition, in the middle
of the Mediterranean south of Sicily, the Italian island of Pantelleria has more than half
of its surface (66.27%) terraced. A slightly lower value was found for the Greek island of
Nisyros (Petanidou et al., 2008), in the eastern Mediterranean, with 58.4% of its surface

terraced.

In the Atlantic-Macaronesian islands, there are significant differences between the more
mountainous and humid islands and the flatter and arid ones. Terraced landscapes in
Madeira account for approximately 48.87% of the island’s surface area (Ferreira, 2021),
while in La Gomera (Canary islands) the corresponding value is 22.4% (Romero et
al, 2019). In both cases, these are provisional data which could be significantly higher,
given that the recolonization of the laurel forest that the terraces have undergone on
both islands in recent decades (north of Madeira and on the edge of Garajonay National
Park in La Gomera) has complicated their identification by photointerpretation. In the
two easternmost Canary Islands (Fuerteventura and Lanzarote), due to their condition
of low and flat islands, the terraces barely occupy 5.6% and 3.28% of the respective island
surfaces, and are concentrated in the valleys of the ancient massifs facing the ocean

(Gonzilez Morales & Ramén Ojeda, 2019).

4.2 CHARACTERIZATION OF THE TERRACES IN GRAN CANARIA
4.2.1 Environmental factors

4.2.1.1 Altitude

The terraces are distributed from 25 m.a.s.l. to above 1,200 m.a.s.l. A clear altitudinal
gradient of the terraces can be seen, in which almost half of their surface (45.45%) is
located at levels below 400 m (Fig. 3 and Fig. 1). In this coastal geo-environment, terraces
were built on the paleo-cliffs of the north coast, on the slopes and lava ramps of the
northeast, and on the ridges and lower sections of the numerous ravines on the island.
Above 400 m, the terraced surface decreases to 28.65% (400 < x< 800 m.a.s.l.), then to
20.19% (800-1,200 m.a.s.l.) and finally to a minor presence of just 5.7% between 1,200

m.a.s.] and the summit.
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n% 27.77 17.68 16.62 12.03 10.68 9.51 5.71

Altitude (m.a.s.l.)

Figure 3. Relationship between altitude (m) and terraced surface (%).

Slope (°)

Figure 4. Relationship between slope and terraced surface.

'This linear distribution with a polynomial tendency of the terraces is explained by the
fact that the topographic profile of this island is much less inclined than that of other
islands in the Canary Islands. The average slope is 10% in the north and 15% in the
south, compared to 20-30% on the islands of La Palma and Tenerife (Salas, 2020). This
fact influences the greater climatic continentality of the summit and the existence of a
large area in the mid-elevation range where the most fertile and productive soils of Gran

Canaria develop.

In other areas, such as the island of La Gomera, terraces barely occupy 13.6% of the coast

(<200 m.a.s.l.) as its coastline is made up of very active cliffs, especially those on the
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north slope (Romero-Martin et al., 2019). The predominance of the location of terraces
at low elevations is a characteristic shared with other European terraced areas, including
Italy (Ferrarese et al., 2019) and Slovakia (Sldmova et al., 2017) and is attributable to
environmental (temperate climates) and socioeconomic (proximity to the sea or rivers

beds) factors.

4.2.1.2 Slope

Half of the terraced area of Gran Canaria (50.11%) has been built on steep slopes
greater than 30° (Fig. 4), a clinometric threshold above which all agricultural practice is
discouraged, including that involving terracing. This characteristic differentiates it from
other islands of the same archipelago, for example from La Gomera where 40% of its
terraced surface extends over territories with mild to moderate slopes (5-15°), located in
the south in ridged watersheds. These are type A terraces (AIDER La Gomera, 2013),
similar to the chains of Gran Canaria, and characterized by wide landings with gentle
slopes and walls less than 0.5 m high, where cereals were grown and, in some cases
throughout the 20th century, export crops (banana and tomato). In Gran Canaria, most
of the terraced surface is located on the slopes of embedded ravines, which explains its
frequency in very unstable slopes and with a severe danger of mass movements. A certain
similarity can be established between the terraced slopes of Gran Canaria and those of
the Ribiera Sacra (Galicia, Spain), where 58.13% of the terraces were built on steep slopes
(between 16°-32°) and 20.33% on extreme slopes (between 32° and 64°), with this being
one of the characteristics that makes Galician vineyard landscapes unique and illustrate
the human effort made in their construction, cultivation and conservation (Pérez-Alberti,
2019).

4.2.1.3 Lithology

The terraces of Gran Canaria are located mainly on magmatic lithologies (73.5%) and,
among them, basaltic and basanite lavas are the most abundant (53.32%) (Table 4). This
is the most commonly used type of rock in the construction of the dry stone walls of
the Canarian terraces, especially in Gran Canaria and La Gomera. Although with less

presence, terraces were also built in sedimentary deposits on slopes. 11.68% of those in
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Gran Canaria and 8% of those in La Gomera are found on colluvial deposits (slopes
and cones of debris and coastal collapses), the latter most notable on the coasts of La
Gomera, whose cliffs are important heritage assets. The terraces located in the landslide
deposits inside the Tirajana caldera, in the southeast of Gran Canaria, are also noteworthy

examples (Fig. 5).

4.2.1.4 Landforms. Hydrographical basins
On average, at island level, in relation to the area of the hydrographic basin, 33% of the
area is terraced. However, this datum hides the strong asymmetry that exists between the

two island supra-environments (Fig. 6).

In the Alisiocanaria sector (northeastern slope), from the Agaete ravine basin to the San

Bartolomé de Tirajana basin, more than double the basin area is covered by terraces, on
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Figure 6. Distribution of the terraced surface in the hydrographic basins (B) and inter basins (IB).
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Group Class Area (ha) %
Intrusive
Syenite 457,14 0,88
Volcanic
Basalt and basanite lavas 27.147,04 52,32
MAGMATIC Phonolitic, tephritic, trachytic and rhyolitic lavas 2.026,07 3,91
Roque Nublo volcanic breccia 3.497,28 6,74
Dikes, ignimbrites and rhyolitic-trachytic lava flows 1.573,45 3,03
Pyroclastic cones 1.816,38 3,5
Pyroclastic deposits 1.642,98 3,17
Subtotal 38.160,34 73,55
Conglomerate and sandstone 2.027,77 3,91
SEDIMENTARY Colluvial deposits 6.057,72 11,68
Alluvial deposits 3.510,20 6,77
Alluvial soil deposits 2.126,25 4,1
Subtotal 13.721,95 26,45
TOTAL 51.882,29 100

Table 3. Distribution of terraces according to lithology

Figure 7. Terraced landscapes in the basins of Gran Canaria: a) Agaete (NW), b) Telde-Tenteniguada
(NE), c). Tejeda (SW) and d) Temisas (IB Guayadeque-Tirajana) (SE)
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average, than in the Xerocanaria sector (southwestern slope), with 48.42% vs. 19.99%,

respectively.

The basin with the greatest presence of terraces in all of Gran Canaria (94.14%), and
which contributes the most terraced surface area to the island complex (5.8%), is the
Guayadeque-Tirajana inter-basin, located in the southeast of the island. In the leeward
sector, the most terraced surface area is found in the Tirajana basin, with 73% of its
surface terraced. It should be noted that it is in the extensive windward sector that the
greatest diversity of cultural landscapes is also concentrated in the island’s terraces, as
the interfluves are topographic borders that mark very strong environmental differences
between contiguous basins. Changes in the orientation of the basin, its setting, shape and
the altitude gradient itself generate a tremendous diversity of microclimatic environments

that have a considerable impact on terraced slope agricultural landscapes (Fig. 7 a, b, ¢, d).

In comparison again with the island of La Gomera, the opposite situation is found. The
maximum surface extension of terraces is in the leeward sector (30.1% compared to 15.1%
in the windward sector), which may be due to the greater extension of ramp interfluves, on
which chain-type terraces are built, located in the south of the island, compared to those

with a similar location in Gran Canaria.

4.2.2 Human factors

4.2.2.1 Land occupation by terraced surface

More than half of the terraced area of Gran Canaria (55.03%) has been recolonized by
shrub vegetation (Figure 8 and Table 5) as a consequence of the plant recolonization
process that followed the agricultural abandonment that began in the 1960s in many
terraced regions of the Mediterranean (Garcfa-Ruiz & Lana-Renault., 2011) and also of
the mid-Atlantic, as in the Canary Islands. In addition, the greater extension of coastal
and peak scrub on the terraces of the island as a whole allowed verification of what was
initially observed in the Guiniguada basin (NE), namely that the geo-environments in
which agricultural activity is first abandoned are those of the coast and summit (Romero,

2015 and Romero et al, 2015 and 2017).
)
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Figure 8. Shrubby plant recolonization after agricultural abandonment. Juncalillo 2019 (left) © Daniel
Ferndndez Galvin and same place 705 ©Kunkel FEDAC
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Group Class Area (ha) %
Ocean temperate fruit trees 175.39 0.34
Vineyard 191.03 0.37
Tropical fruit trees 194.7 0.38
Citrus fruit trees 490.05 0.96
AGRICULTURAL  |Banana 723.24 1.41
Greenhouse 1,275.73 2.49
Abandoned crops 5,691.1 11.13
Herbaceous crops 10,312.25 20.16
Subtotal 19,053.49 37.25
WATER Pond 3.96 0.01
Subtotal 3.96 0.01
Pinus Insignis 7.15 0.01
Thermophilic forests 16.12 0.03
FOREST AND Eucaliptus sp. 66.96 0.13
Ravine vegetation 139.91 0.27
REFORESTATION | opeornut trees 187.75 0.37
Pinus canariensis 711.69 1.39
Subtotal 1,129.59 2.21
Extraction of materials, works 366.34 0.72
BARE SOIL Sparse vegetation 507.84 0.99
Subtotal 874.18 1.71
Business complexes -8.48 -0.02 LEVI
Urban green areas 2.39 0
Scattered urbanization 11.87 0.02
URBANIZATIONS | Road networks 81.82 0.16
AND Isndustrial com.plexlels T 198.6 0.39
orts, recreation, health, and education
INFRASTRUCTURES fiﬂities 233.99 0.46
Urbanization along roads 332.24 0.65
Dense housing developments 1,088.67 2.13
Subtotal 1,941.11 3.8
Pasture 2,269.59 4.44
SCRUB AND Secondary scrub 4768.98 9.32
HERBACEOUS  |Summit scrub 5961.7 11.66
VEGETATION Coastal scrub 15,143.81 29.61
Subtotal 28,144.08 55.03
Total 51,146.4 100

Table 4.

Distribution of terraces according to land cover and land use.
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The terraces that still maintain evidence of their agricultural use account for 37.25% of
the island’s terraced area, with 20.16% dedicated to the cultivation of herbaceous crops.
Importantly, agricultural abandonment has occurred recently in a significant percentage

of terraces (11.13%).

Finally, the process of artificialization, or the destruction of terraces due to the construction
of facilities (sports, industrial, recreational and educational), housing developments and
roads, has affected 3.8% (1,941 ha) of the terraced area of Gran Canaria. This datum is in
notable contrast with the corresponding 158 ha (2%) on the island of La Gomera in 2016
(Romero et al., 2019). In addition, it should also be noted that in the case of La Gomera
terrace reforestation is much higher, 12% compared to 2.21% from Gran Canaria. In
addition, the tree species used in the reforestation differ, with the Canary pine the most
used in Gran Canaria and laurel, faya-heath and thermophilic trees the dominant ones on

the island of La Gomera.

4.2.2.2 The role of terraces in environmental protection

In the southwest of the island of Gran Canaria, two areas overlap, the Risco Caido Cultural
Landscape and the Sacred Mountains of Gran Canaria (declared a World Biosphere
Reserve by UNESCO in 2005 and a World Heritage Site in 2019). The terraced areas

account for 24% and 8.1% of the area respectively.

On the other hand, terraced landscapes are present in 23 of the 33 protected natural areas
of Gran Canaria and 34.3% of the terraced area is in a protected natural area. Figure 9
shows the percentages of protected terraced surface and the type of protection, ordered
from left to right in accordance with least to most restrictive protection. The results show
a direct relationship between the least restrictive protection figures and the presence of
terraces. These are rural parks (39.27%) and protected landscapes (31.51%), which seek
the conservation of humanized landscapes. Among their objectives, the conservation of

agricultural uses is considered in an integrated way.

On the other hand, the lower percentages correspond to more restrictive protection
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Figure 9.  Distribution of the terraced surface in Protected Natural Spaces (Red Canaria de Espacios
Naturales Protegidos).
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Figure 10. Ethnographic heritage assets on the terraces of Gran Canaria according to typology and
hydrographic basin.

)



2020 VOL. 1NUM.1 157

figures, whose objectives do not include the integration of all the elements that make
up the environment such as human activities. These include Nature Parks (3.15%) and
Sites of Scientific Interest (0.27%). Only in one of the 23 spaces, in the Parque Rural del
Nublo, are conservation, restoration and new terraces considered among its declaration
foundations, while the protection of terraces is not included among the basic or priority
objectives in any of the spaces (Romero et al, 2016). In La Gomera, on the other hand,
the terraced surface that exists in natural spaces protected by the Canarian government
accounts for barely 8.7% of the total. The most notable of these natural spaces is the
Valle Gran Rey Rural Park with its imposing landscape of terraces. As in other places in
Europe, there is an overlap between high-valued sites, such as historical rural landscapes,
including terraces, and areas protected for their natural values. At national and European
level, these include, for example, the Natura 2000 network, and at global scale Biosphere
Reserves and World Heritage Sites (Agnoletti et al., 2015). The same author points out,
as also indicated in this study, that environmental policies often protect and promote the
renaturing process that terraced and abandoned spaces have experienced since the 1960s

and, importantly, prohibit the restoration of agricultural land.

4.3 Heritage associated to terraced surfaces

As can be seen in Figure 10, of the 8,563 elements of the ethnographic heritage that
were found in the terraced areas of Gran Canaria, the most numerous are those linked
to hydraulic use (3,737) with a maximum of 770 elements in Azuaje-Tenoya. There is
a strong degree of typological diversity in this respect, ranging from water-extraction
infrastructures (wells, mines and galleries) to storage (ponds, and tanks) and distribution
(canals and ditches). The second most numerous are related to livestock activity (1,674
elements), including shepherd/goatherd shelters, corrals, etc. There is also an extensive
agricultural heritage (1,546 elements), among which those related to the storage of farming
produce and tools are the most noteworthy (fruit and cheese driers, cellars, wineries, tool
rooms). No less important, due to the close relationship with this type of landscape, are
those linked to habitat (traditional houses, cave houses), religious acts (churches, shrines,

cemeteries) and agro-industrial and commercial activities (mills, wineries, oil mills).
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The analysis by basins reveals the important tangible and immovable heritage legacy that
exists in the terraced spaces, as well as revealing the island basins with the most intense
agricultural activity and population presence, and, therefore, with the greatest amount of
ethnographic heritage. In this respect, the basins in the northern sector of the island are
of particular interest as their ethnographic heritage content is considerably higher than
that of the southern leeward sector (6,483 vs. 2,080, respectively). The Azuaje-Tenoya
inter-basin contains the greatest wealth of heritage on the island (municipalities of Firgas
and Arucas), particularly regarding hydraulic aspects associated to the traditional crops
grown in the mid-elevation range (orchards, fruit trees and potatoes) and at coastal level
(mainly bananas). It is followed in importance by the basins of the Telde, Guiniguada and
Agaete ravines, which have a long agro-livestock tradition and settlements dating back to

pre-Hispanic times.

5. CONCLUSIONS

In thiswork, a first approach is made to the detailed mapping of terraces of an overpopulated
and Atlantic island with a high level of tourism activity, in which agriculture contributes
little to its current economy but does provide diverse cultural landscapes of great heritage
value. Use of the database of Sdnchez et al. (1995) gave good results in terms of spatial
resolution and contributed to achieving the aim of this research. Even so, with a view
to future works that require greater precision and to correct any possible errors due to a
lack of visibility because of canopy cover, the combined use of the photointerpretation of
historical flights and LIDAR remote sensing is planned, along with the resulting DEMs.
In this way it will be possible, in addition to covering the maximum terraced surface area

in Gran Canaria, to map the walls, which are clearly visible on the dates of the flights.

Itis verified that Gran Canaria is an island with a considerable terraced area (605.99 km2)
that corresponds to 38.8% of the total island surface area. These terraces have been built
on steep slopes, in which plant recolonization and artificialization threaten to destroy a

cultural landscape that, in addition to offering numerous ecosystem services, forms part
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of the heritage of its inhabitants. This preliminary analysis on the terraces of the island of
Gran Canaria can be considered an initial, but important, step to recover the territorial
memory of cultural landscapes that are often ignored or abandoned, but which provide

highly attractive landscapes and provide opportunities to face the challenges of the future.
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