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Abstract
In the Canary Islands, there is a long tradition of optimizing water resources, to make 
the most of the available water for agriculture on all the archipelago’s islands. Each 
island has developed different systems of capturing water from the natural terrain and 
diverting it to crops. These systems have been especially successful on the islands of 
Fuerteventura and Lanzarote, the driest islands of the archipelago. Two water harvesting 
systems known as gavias and nateros have been developed on these islands. Gavias are 
used in flat areas and are larger than nateros, which are mainly used in mountainous 
areas. Both structures are designed to retain rainwater and divert it to a selected crop. 
Using these systems creates areas rich in nutrients and moisture, and reduces erosion 
of already arid soils. Through the gavia agroecosystem cereal and leguminous crops 
have been grown, while the nateros have been used to grow potatoes. Both are success 
stories for the local population on the most arid islands of the Canary archipelago.
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Introduction
Although volcanic soils are among the most fertile in the world, in many volcanic 
areas the limiting factor for agricultural production is water availability (Valle & 
Carrasco, 2018). The relationship between plants and water in volcanic soils is key, 
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as plant growth requires both water availability and relative humidity (Ewel et al., 
2014). In addition to water from rain, irrigation strategies have been oriented towards 
the use of water from fog or orographic clouds through condensation (Regalado 
& Ritter, 2010), runoff water flowing down slopes, and water and nutrients from 
higher regions, which are transported along ravines during periods of heavy rainfall 
(Hughes & Malmqvist, 2005).

Although volcanic rock is very hard and compact, when it becomes weathered, 
cracks form that are filled in a very short time by volcanic sand. Roots can develop 
in these cracks, creating favorable conditions for plant growth (Fiantis et al., 2019). 
When it rains, these cracks fill with water, creating small reservoirs for plants as 
well as producing humidity. However, water from periodic rainfall will not always 
be available in the right amounts for growing plants. Therefore, plants must be 
supported by unique cultivation systems, such as the Canary Islands’ gavias and 
nateros. These systems increase water availability and allow crops to grow in 
inhospitable island territories, where there are few conventional resources, using 
various volcanic materials.

In the Canary Islands, there are several water harvesting systems, which support 
traditional agroecosystems capable not only of producing food, but also of 
maintaining soil fertility over time (Díaz et al., 2011). In the case of the islands 
of Lanzarote and Fuerteventura, where these water harvesting systems are mainly 
concentrated, the percentage of arid or semi-arid land reaches 100%. Specifically, 
86.8% and 13.2% of land on Lanzarote is classified as arid or semi-arid, respectively, 
and for Fuerteventura the percentages are 86.6% and 13.4%, respectively (Tejedor 
et al., 2013). Farmers here—as around the globe—have implemented cultivation 
systems that allow them to grow food in these dry regions. These agroecosystems 
could prove useful to contemporary agriculture practices, especially at a time of 
global warming and changing climatic conditions, the effects of which are already 
being felt. As we shall see, it is the arid conditions that have forced these two islands 
to develop the abovementioned systems (Martín Martín, 2000).

On a global scale, arid regions occupy about 47% of the Earth’s surface. Following 
UN definitions (Huang et al., 2019; UNEP, 1992), arid areas are where the average 
annual rainfall is less than potential moisture losses produced by evapotranspiration—
specifically, areas that have a ratio between rainfall and evapotranspiration below 
0.65 (Lin et al., 2018). These are areas where not only is rainfall scarce, but also 
where relative humidity is low throughout the year. This is usually accompanied 
by high temperatures, constant and strong winds, and a high number of hours 
of sunshine, which cause very high evaporation and, therefore, extreme aridity 
(Yan et al., 2020). Moreover, the scarce rainfall is of a markedly irregular nature, 
often being concentrated over a few days of the year, and there are even areas in 
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which, for several years, rainfall is practically non-existent (Leandro et al., 2013). 
These conditions mean that rainfall falls far short of the minimum requirements for 
evapotranspiration of plants in rain-fed agriculture.

The systems of gavias and nateros are similar in terms of their advantages in the fight 
against desertification (Daza Caro et al., 2019), as they both moisten soils, wash 
away salts, and fertilize plants in natural ways, using the nutrients transported by 
runoff waters. In addition, processes of water and wind erosion are considerably 
reduced, especially in the gavias system.

In terms of erosion control, these systems retain the sludge carried by runoff waters, 
preventing this material from being lost to the sea. In arid areas, especially in the 
mountains, runoff is the main process inhibiting water infiltration; copious rains 
are not necessary for high soil losses. In the areas where gavias and nateros have 
been developed, the causes of water runoff are found in the following landscape 
characteristics: scarce vegetable cover; high soil salinity and sodicity, which can 
destroy soil structure; caliche (lime crust) over large areas; and a progressive decrease 
in agricultural activity, which leads to abandonment, a lack of maintenance, and 
the absence of tilling of the cultivation lands. Gavias and nateros have proven to be 
sustainable and effective traditional practices for increasing agricultural productivity 
in arid territory and for combating desertification (García-Rodríguez et al., 2016).

Therefore, the objective of this paper is to analyze the characteristics of these two 
systems, gavias and nateros, to study their differences and similarities, and compare 
them with similar agroecosystems worldwide.

Water in the Canary Islands
The Canary Islands have a unique land–water nexus unlike any other island 
region in the world due to their extraordinary biodiversity, resulting from their 
geomorphological (volcanic origin), climatic (oceanic in temperate zones and close 
to the African continent), biological, and socioeconomic-historical specificities. 
In its eight insular spaces, which together add up to 7,493  km² (La Graciosa, 
Fuerteventura, Lanzarote, Gran Canaria, Tenerife, La Gomera, La Palma, and 
El Hierro), with their specific climatic, physical, and biological characteristics, we 
find a great variety of water strategies for agricultural, domestic, and industrial use, 
within the framework of a rooted culture of water: a basic element of survival for 
human consumption, agriculture, and livestock (Gómez Gómez, 2007).

Until late in the second half of the twentieth century, the main source of wealth 
in the Canary Islands was agriculture, followed by trade and its international port 
activity. This economic model changed with the introduction of tourism (Suárez 
Moreno, 2011).
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Agriculture already played an important role in the aboriginal economy, whose 
society revolved around sowing, harvesting, and transforming small cereals into 
food. At the end of the fifteenth century, Europeans conquered the Canary Islands; 
however, agricultural activity remained the main source of wealth until the late 
twentieth century (Macías Hernández, 2000). After European colonization, new and 
more complex hydraulic infrastructures were created for the consumption of water 
and the irrigation of agricultural plots, in order to cultivate cereals and horticultural 
products for self-consumption, or for crops to be used in the emerging industries 
that formed part of the colonial development model: sugar (fifteenth–sixteenth 
centuries), wines (sixteenth–nineteenth centuries), cochineal, and sugarcane rum 
(nineteenth century).

The nature and spatial distribution of the historical waterworks in this archipelago, 
and their ingenuity (aimed principally at agriculture), are very complex and this is 
where their rich heritage lies. The western islands (La Palma, Gomera, El Hierro, 
and Tenerife), which are more humid, have developed water collection systems with 
springs, dams, channels, and galleries. Gran Canaria, in a central position, with 
a humid zone on its windward side and a very arid zone on its leeward side, has a 
greater variety of water collection systems, although the infrastructures that stand 
out are the great density of wells, water mines, and reservoirs (Suárez Moreno & 
Suárez Pérez, 2005). On the other hand, the easternmost islands, Fuerteventura 
and Lanzarote (close to the African Sahara Desert), do not have the humidity of the 
trade winds and are therefore very arid. Thus, they have created more specialized 
strategies such as capturing rainwater in cisterns or conditioning the land for crops 
in gavias.

The indigenous Canary Island inhabitants used simple stone and mud dams to divert 
the water from the ravines into small channels that led to the villages and areas, 
where they developed the first agricultural strategies, especially in Gran Canaria. 
From wells and springs to holes called eres (a hole made in the sand to capture water 
from subalpine reserves), they have taken advantage of the water from the subsoil. 
In more mountainous areas, networks of canals were dug to capture water from both 
rain and springs, for domestic and livestock use.

A new cycle of economic development in the archipelago began with the establishment 
of free trade in all ports in 1854: potato, tomato, and banana crops began to be 
grown for export to Europe. This determined another type of cultivation and tilling 
of the land, requiring new water strategies for catchment (deeper wells and galleries), 
regulating distribution (bigger ponds and big dams), and canalizations.

The history of water in the Canary Islands today involves the desalination of seawater, 
which began in the 1960s. This system of water production is predominantly aimed 
at supplying the population, but is also, in part, used for agriculture.
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Water systems used in the Canary Islands for agriculture
The great diversity of topography and landforms in the Canary Islands, with different 
spaces for different crops, has determined many water strategies and systems. They 
can be categorized as follows:

• Bancales: In both humid and dry mountainous areas, bancales consist of taking 
advantage of uneven ravine slopes by means of strips of land linked together at 
different levels, like terraces, to capture water runoff.

• Jables: These are most common in the western islands of Fuerteventura and 
Lanzarote. They make use of the maximum levels of humidity collected in 
dry lands using pyroclastic materials from the volcanoes, deposited in natural 
forms—known as jables—or made into artificial forms, which are called arenados.

• La resfriada: This is a strategy used on some islands like Gran Canaria in their dry 
leeward areas. The water from the first rains is redirected on to the dry leeward 
land after the summer.

• Water mines: Groundwater collection has also been of great value in the Canary 
Islands, especially on the islands of Gran Canaria, Tenerife, and La Palma. These 
works consist of opening a trench longitudinally or transversally to the riverbed 
of the ravine, reinforcing both sides with stone walls, and covering it with slabs; 
it remains under the ravine as a kind of filtering tunnel. The water collected in 
this way flows due to gravity, because of the incline of the trench towards its 
ditch and regulating pond (Suárez Moreno, 2015).

• Water galleries: These are also tunnels for filtering water from suspended aquifers. 
They differ from water mines in that they are dug into the rock, using mining 
techniques, to search for the water inside a mountain. They are usually 1  to 
2  meters wide by 2  meters high, with a vaulted ceiling, and reach depths of 
100 to 3,000 meters. The tunnels have a slight slope, so the water flows due 
to gravity, although there are some cases with a downward ramp layout that 
need mechanical means to extract the water. In the Canary Islands, there are 
approximately 1,500 galleries, 63% of which are in Tenerife, at mid-altitude 
areas (400–500  meters above sea level), 23% are on Gran Canaria, 11% on 
La Palma, and the remaining 3% on the other islands.

• Wells: Wells have been used domestically since the fifteenth century. In the 
twentieth century, wells became widespread, and some reached depths of up 
to almost 400  meters with interior galleries. Gran Canaria stands out as the 
island with the greatest number of wells. In general, wells dug in the twentieth 
century are circular plan drillings with diameters of 1.5 to 3.0 meters and depths 
between 15  and 400  meters. Currently, there are nearly 5,000  in the entire 
archipelago, of which 50% are in Gran Canaria (a completely drilled island), 
38% in Fuerteventura, 7% in Tenerife, 3% in Lanzarote, 1.1% in La Palma, 
0.6% in El Hierro, and 0.3% in La Gomera.
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Unique agroecosystems: Nateros and gavias
Both nateros and gavias are water harvesting systems that collect runoff for productive 
uses (Critchley & Siegert, 1991). Nateros combine collected rainwater—for irrigation 
and creation of fertile land—with the sediments of runoff water along ravine beds 
with steep slopes. These waters are blocked by the construction of straight or curved 
stone walls, appropriate to the height of the ravine channels. By contrast, gavias 
are areas of large dimensions, hollow or bordered by ridges or walls, prepared for 
rainwater flood control and located on flat land or gentle slopes.

Gavia cultivation systems are dotted across the agricultural landscapes of Lanzarote 
and Fuerteventura, although it is on the latter island where this system undoubtedly 
prevails over any other. The main element of the system is the topsoil. This is the 
agricultural land surrounded by a ridge called a trastón. The average size is around 
3,000  m2, although some may be several hectares, while others may be only 
hundreds of square meters. Runoff is channeled to these areas to boost filtration of 
accumulated water into the soil (Figure 1). The time it takes for the water to filter 
into the soil depends on the soil texture and the terrain. Normal filtration time is 
between three and four days, but in high clay soils, the process can take more than 
10 days. Gavias comprise a set of important structural elements. There is the torna, 
which is a pole that is lowered into the ground, through which water can penetrate 
the topsoil; the tronera, the drainage located on the opposite side of the torna, via 
which the topsoil sends the excess water to the ravine or to other topsoil; the caño, 
which is the channel that carries the water to the topsoil; and there are gates that are 
used in some channels to control water flow.

Figure 1. Gavia on the island of Fuerteventura with detail of the trastón
Source: Antonio Perdomo Molina.
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Figure 2. Nateros at the bottom of a secondary ravine in El Jaral, Guía de Isora 
(Tenerife Island)
Source: Antonio Perdomo Molina.

Nateros are located in mountainous arid areas of the Canary Islands. In these places, 
local farmers must create cultivable plots, as there is no existing soil (Perdomo Molina 
& Dupuis, 2004). The system consists of damming small, secondary ravines. In this 
way, waters loaded with sediments are intercepted as they descend to the riverbeds. 
When the waters recede behind the dry-stone walls, they deposit the sediments 
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they carry in such a way that cultivable land is created. These deposits are fertile 
due to their richness in organic matter and nutrients and generate soil where there 
was none before. The enclosure is increased as the years go by, until a plot with the 
desired depth of soil is obtained. A few examples of nateros also have holes in walls 
that allow water to flow from one natero to the next (Figure 2). These structures 
safeguard the land in case there are episodes with very intense and concentrated 
rainfall. The usual dimensions vary depending on the slope of the land. The steeper 
the slope, the smaller the size, so they can range from 10 up to 500 m2, though 
usually they are no more than 50.

As mentioned, both gavias and nateros are water harvesting systems with productive 
purposes, and both are developed in arid regions with rainfall below 300 mm per 
year. However, there are two basic differences, the first is that gavias are established in 
flat or sub-plain areas of the archipelago, whereas nateros are located in mountainous 
regions. The second is that while in gavias there is cultivable soil prior to the 
construction of the topsoil, in the case of nateros, there is only the ravine bed, and 
therefore there is no cultivable soil in place. Table 1 highlights the differences and 
similarities between the two systems.

Table 1. Differences and similarities between gavias and nateros of the 
Canary Islands

Differences Gavias Nateros

Canary Islands locations Fuerteventura and Lanzarote All
Crops Cereals and legumes Fruit and vegetables

Dimensions Big size > 3,000 m2 Small size ~50 m2

Orography Plain High slope
Presence of an earthen 

wall enclosure
Yes (trastón) No

Some pre-existing soil Yes No
Complexity Multiple variants (depending 

on the area where the water is 
collected: riverbed, endorheic 
basin, combination of several)

Simple (one or several stepped 
nateros always occupying the 
bottom of a secondary ravine)

Similarities Gavias Nateros

Canary Islands locations All All
Water collection system Yes Yes

Aridity of the environment High aridity Moderate–high aridity
Similar systems mgoud (Tunisia) jessour (Tunisia)

water boxes (Mexico) jollas (Mexico)
Organization of plots Several organized plots in a 

radial configuration
Several plots can be 

staggered, passing water from 
one to another

Community work In management, conservation, 
and conditioning

Probably during construction

Source: Prepared by authors.
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Figure 3. Nateros with trastones like the gavias in Fuerteventura
Source: Antonio Perdomo Molina.

There is a variety of crops grown on these lands, depending on the average plot 
dimensions. Thus, while in gavias, cereals, leguminous plants, and alfalfa are cultivated, 
in nateros isolated fruit trees predominate, and occasionally potatoes or legumes.

The presence or absence of the earth wall called a trastón can be misleading, since, 
although gavias are always surrounded by a wall, in the nateros of Fuerteventura, 
we have seen plots that also have walls (Figure 3).

However, in recent decades, the abandonment of gavias and nateros has been parallel 
to the general dynamics of abandonment that Canary Island agriculture, in general, 
has suffered (Rodríguez Portugués, 2010). The causes of the abandonment of these 
traditional systems have been primarily the appearance of irrigation systems that 
are less dependent on rainfall. These are the opening of wells and, especially, the 
implementation of desalination plants and the distribution through irrigation 
networks of these waters on the most arid islands (Lanzarote and Fuerteventura) 
(García-Rodríguez et al., 2016). Secondly, some gavias have been transformed into 
“sandboxes” or greenhouses; and, in the case of the nateros, there are issues with 
difficulties of access because of their location in areas of complicated orography. 
Last but not least, the rapid development of the tertiary sector in the archipelago 
(Garín-Muñoz, 2006), mainly the tourism sector, has caused the disappearance 
of the farm labor needed to keep such irrigation systems functional, as well as an 
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irreparable loss of the knowledge that went along with these cultivation systems. 
This is paradoxical because, for the tourism sector, the agricultural landscape, based 
on these agroecosystems, is an attraction (de la Cruz del Río-Rama et al., 2020). 
Their existence represents a wealth of traditional knowledge, showing the struggle 
for survival against a hostile environment, which could be a resource that would 
increase the touristic attraction of the islands. Similarly, these systems act as an 
ecological reserve for certain steppe birds such as the houbara bustard (Chlamydotis 
undulata fuertaventurae), an endemic species in danger of extinction (Schuster et al., 
2012), providing them with the food resources they need.

In various regions of the world, there are similar agroecosystems to nateros and 
gavias. To give some examples, there are many similarities between Canary Island 
nateros and Mexican jollas (Perdomo Molina & Palerm Viqueira, 2019) as well as 
with the cañadas in the southeast of the Spanish mainland (Giráldez et al., 1988; 
Perdomo Molina, 2005), the jessour of Tunisia (Abdelli et al., 2012; Castelli et al., 
2019; Perdomo Molina, 2002), and wadi-type systems (Masoud, 2011) in Israel and 
Jordan (Beckers et al., 2013). With respect to gavias, there are similarities between 
them and Mexican water boxes (Perdomo Molina & Palerm Viqueira, 2009; Rogé 
& Astier, 2015), or with the meska and mankaa systems of Tunisia (Mohsen Aly 
et al., 2013; Perdomo Molina, 2003).

Specifically in the Negev Desert (Israel), where average annual rainfall is between 
200 and 300 mm (which can be considered an arid zone) (Santamarta, 2012), runoff 
water trapping techniques have also been developed for agriculture in this area, and 
the same technique is currently being used to create forests in the Negev Desert.

It is possible that the people from all these places have observed that when an 
obstacle blocks the free flow of runoff waters in ravines, the turbulent flow is 
stopped, and the sediment load carried in suspension is retained and deposited 
behind the obstacle—producing the formation of natural nateros. Similarly, by 
observing the greater agricultural production of endorheic basins where rainwater 
has accumulated, farmers have concluded that by imitating such obstacles with the 
construction of gavias, they can obtain better harvests. In other words, with these 
observations of natural phenomena and knowledge of the environment, local people 
have extracted the necessary lessons to emulate what nature has showed them.

Conclusion
In the Canary Islands, there is a great range of agricultural crops that can grow 
thanks to the marked altitudinal gradients and climatic variations that give rise to 
mountainous and humid islands in the west, and dry and flat ones in the east. 
These factors have determined the existence of many water harvesting strategies and 
cultivation systems depending on the availability of water and fertile soil.
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In the most arid islands of the Canary Islands, Fuerteventura and Lanzarote, unique 
water catchment systems have been developed to allow the cultivation of leguminous 
plants, vines, and potatoes, thus facilitating the development of agriculture and the 
life of the people on these islands close to the Sahara Desert. These systems are called 
gavias and nateros and seek to fertilize the soil by capturing water and decreasing the 
erosion of these already desertified soils.

Because these cultivation systems have proven to be a sustainable and effective 
traditional practice for increasing biological productivity in an arid territory, these 
traditional systems of gavias and nateros also could be tools that facilitate land 
recovery in the Canary Islands.
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