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The loss of ecosystem services (ESs) is one of the main consequences of the inadequate management of natural
environments. However, the drivers that shape the provision of ESs continue to be poorly characterized at local
and regional scales, and their protection, generally, has not been a priority. This study analyzes the anthropic
alteration process of an arid aeolian sedimentary system, the associated environmental consequences and
changes in the social relevance of ESs for the local population. The social relevance of an ES was analyzed using
historical sources (analysis of testimonies of travelers, press, government minutes, aerial photographs, field
photographs and oral interviews, among others) for five land uses: urbanization, aggregate extraction, grazing,
cultivation and logging. Using the available information, three criteria were selected to define their social rele-
vance: social sensitivity, economic and political. Considering El Jable (Lanzarote, Canary Islands, Spain) as study
area, the main results show that different historical land uses have generated different social reactions in relation
to changes in the capacity of the ecosystem to provide its ESs. The ESs that directly benefitted the population
(provision of food, fuel and raw materials, and the regulation of natural hazards) were found to have the greatest
social relevance before 1960. However, since then, the change to the island’s economic model has resulted in
high levels of social relevance for ESs related to the promotion of tourism (cultural heritage, recreation and
leisure, and aesthetic values), citizen security (regulation of natural hazards), wildlife (habitat preservation) and
culture (cultural heritage). This type of analysis can provide information on the perception of society to changes
in the local environment, the effects of such changes on people’s lives, and the management response of the
society in question.

1. Introduction 2019b). Their degradation is commonly the result of traditional human

activities such as cultivation, grazing or the use of vegetation as fuel

Arid coastal dunes are highly dynamic ecosystems that provide a
wide range of ecosystem services (ESs) including, amongst others, food
production and fuel or construction materials, as well as acting as a
recreational space, a tourist attraction, a habitat for a large number of
species, and a regulator of coastal erosion (Barbier et al., 2011; Everard
et al., 2010).

Despite all these ESs, coastal dunes are among the most degraded and
threatened ecosystems in the world due to human activities (Paskoff,
1993, 2001; Jackson and Nordstrom, 2011; Delgado-Fernandez et al.,
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(Tsoar and Blumberg, 2002; Kutiel et al., 2004; Levin and Ben-Dor,
2004; Provoost et al., 2011), as well as modern activities such as rec-
reational uses, urbanization or the extraction of aggregates (Nordstrom,
1994, 2004; Garcia-Romero et al., 2019; Marrero-Rodriguez et al.,
2020Db). In consequence, dune surface areas and sediment budgets have
been reduced (Hernandez-Cordero et al., 2018), changes in vegetation
(Hernandez-Cordero et al., 2017; Delgado-Fernandez et al., 2019a) and
landforms (Tsoar and Blumberg, 2002) have taken place, and invasive
species (used for grazing, as fuel, or for ornamental purposes) have
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Fig. 1. Location and study area limits. Aerial photo source of Lanzarote: SDI Canarias (Canary Islands Regional Government-Grafcan S.A.).

successfully occupied large areas (Marchante et al., 2003; Esquivias
etal., 2015; Parra-Tabla et al., 2018). Along with climate change (Clarke
and Rendell, 1998; Tsoar et al., 2009), such degradation has compro-
mised the capacity of ecosystems to provide services all over the world
(Vila et al., 2010; Van Oudenhoven et al., 2012; Walsh et al., 2016;
Mehvar et al., 2019; Asmus et al., 2019; Weiskopf et al., 2020).

The reconstruction of historical management and the social rele-
vance of ESs are described and analyzed in this paper through the
methodological framework of historical ecology (Szabo, 2015), devel-
oped in recent decades as an important tool to: i) preserve cultural
heritage linked to the exploitation of ecosystems, and understand the
trajectory of the patterns, processes and behavior of landscapes (Biirgi
and Gimmi, 2007) and species (Panzacchi et al., 2013; Morris and Rowe,
2014); ii) report past examples of ecosystem management (Biirgi and
Gimmi, 2007); iii) test the effects of climate change (Vellend et al.,
2013); iv) recognize the effects of different disturbances on ecosystem
components (Dzwonko et al., 2002); v) plan management and restora-
tion strategies (Fritsche, 2009; Trueman et al., 2013; Morgan et al.,
20105 Dirkx, 2004); and vi) know the driving forces behind ecosystem
degradation (Biirgi et al., 2010; Rohde and Hoffman, 2012).

In small islands, like those in the Canary Archipelago (Spain), the
exploitation of resources is more significant than in continental envi-
ronments (Mimura et al., 2007). Although human occupation of the
archipelago took place less than 3000 years ago, meaning that the period
of human intervention has been shorter than in many other ecosystems,
anthropic intervention has been intense (mostly since the islands were
colonized by the Spanish in the early-mid 15th century) and the number
of sources is relatively large for the last few centuries.

Some studies have addressed in depth the effects that climate change
(Petit and Prudent, 2010; Sauter et al., 2013), the reduction of sediment
budget (Pye and Blott, 2012; Hernandez-Calvento et al., 2014), changes
in environmental conditions (Jackson and Cooper, 2011) and changes in

land use (Marrero-Rodriguez et al., 2020) can have on aeolian sedi-
mentary systems and, therefore, on the ESs they provide. However, there
is a gap in the literature in relation to the evaluation of the extent to
which changes in ecosystems have been relevant or not for the popu-
lation that depended on or lived in that ecosystem. In this context, an
analysis of the historical sources is carried out in the present study to
know the evolution of the social relevance for the local population of the
ESs provided by the arid aeolian sedimentary system of El Jable (Lan-
zarote, Canary Islands, Spain) (Fig. 1) between 1750 and 2018.

This type of analysis can provide information on how societies
perceive such changes, how their lives are affected by changes in eco-
systems and the management response of the society. With such
knowledge, governments can take better and more informed decisions in
terms of protection, restoration or regulatory measures. The aim of this
work is to analyze the historical management of the aeolian system and
to evaluate the social relevance for the local population of the ESs
related to different land uses (urbanization, aggregate extraction, graz-
ing, cultivation and logging).

2. Study area

The El Jable coastal aeolian sedimentary system (Fig. 1) currently
occupies an area of 90 km? and a width of between 10 km in its northern
sector and 4 km in its southern sector. Sand transport is from the sedi-
ment entrance area (Caleta de Famara, N-NE) towards the leeward
sector (Arrecife, S), crossing the central part of Lanzarote over an
approximate 21 km length and covering areas belonging to four island
municipalities (Tinajo, Teguise, San Bartolomé and Arrecife).

The substrate strip is made up of volcanic rocks (Miocene and Qua-
ternary basaltic lava and pyroclasts) and sedimentary rocks (sandstones
and quaternary conglomerates related to colluvial, alluvial and aeolian
processes). The current aeolian sediments are interspersed at the edges
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of El Jable with alluvial and colluvial levels formed by lithoclasts
(fragments of rock and basaltic minerals) and bioclasts (fragments of
marine fauna and flora). The recognizable morphologies in this area are,
generally, nebkhas formed from shrub individuals of Traganum moquinii
in the foredune of the system (Caleta de Famara), which are replaced
inland by individuals of Launaea arborescens. In addition to these aeolian
landforms there are three isolated dunes of barchan morphology. The
climate is arid with an average annual rainfall of around 110 mm and an
average annual temperature of 20.7 °C (Cabrera-Vega, 2010). The
dominant winds come from the first and fourth quadrants. Average wind
speed is 20 km/h, but can reach as high as 60-70 km/h (Alonso et al.,
2011). Currently, the coastal aeolian sedimentary system is delimited in
the northern part by tourist urbanizations around Caleta Caballo and
Caleta de Famara and in the southern part by Arrecife, the island’s
capital. Finally, part of the northern section of the arid aeolian sedi-
mentary system has been designated as a protected area as part of the
Natura 2000 program.

3. Methodology

Historical data sources were used to reconstruct the historical uses of
the ecosystem and their environmental consequences and to analyze the
evolution of the references of each ES and its historical social relevance.

3.1. Data sources

Data were collected from numerous historical documents of different
origin for the purpose of a historical reconstruction of the study area.
They were used to analyze: i) land uses and the historical evolution of
the ecosystem; and ii) the recorded changes in ESs and their social
relevance. In this respect, historical bibliographies and traveler testi-
monials were used (Torriani, 1959; Del Castillo, 1628; Glass, 1764;
Ruiz-Cermeno, 1772; Caballero, 1776; Madoz, 1849; Alvarez-Rixo,
1866,/1982; Greff, 1868; Stone, 1887; Hernandez-Pacheco, 2002;
Rumeu de Armas, 1981), as well as acts of the Lanzarote Island Gov-
ernment from the 17th century (Bruquetas De Castro, 1997) and minutes
of the plenary sessions of Teguise City Council (1610-2006). In addition,
the Jable search tool (jable.ulpgc.es) of the University of Las Palmas de
Gran Canaria Library (first references from 1843) was used to find and
then review relevant articles in the local and regional written newspa-
pers and the Official Gazette of the Canary Islands Government. Various
keywords related to landscape, toponyms and land uses were employed,
and a total of 410 relevant articles were found. Six recorded interviews
were also consulted, taken from the “Rescuing Life Stories” project of the
Historical Heritage Service of the Cabildo de Lanzarote published in
2010. The interviewees were farmers who grew their crops in sandy
fields and were born between 1920 and 1940. The field photographs
(1950-2018) were obtained from the online collection of the Lanzarote
Island Government (www.memoriadelanzarote.com), and the aerial
photographs and orthophotos from GRAFCAN S.A, a company belonging
to the Canary Islands Regional Government. Finally, the data on the
evolution of the number of inhabitants was obtained from the Canary
Institute of Statistics (1768-2019).

3.2. Evolution of land uses and the ecosystem

The reconstruction of land uses and the evolution of the aeolian
sedimentary system was undertaken using the historical sources
mentioned above. The information obtained was organized into three
different periods: pre-1750, for which the sources are scarce and the
information obtained is very limited; 1750-1960, when traditional land
uses were the most important activity; 1960-present, when recreation
and leisure activities have been predominant in the study area.

Table 1
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Ecosystem services potentially supplied by El Jable, based on historical sources
and ecosystem services literature.

Ecosystem services

Description

References

Provisioning services
Food (F)

Fuel (FU)

Raw materials (RM)

Cosmetics (C)

Industrial use (IU)

Genetic resources
(GR)

Medicines or
pharmaceuticals
(MP)

Regulating services

Natural hazards
(NH)

Climate regulation
(CR)

Cultural services

Cultural heritage
(CH)

Recreation and
leisure (RL)

Aesthetic value (AV)

Inspiration for art
(1a)
Social relations (SR)

Education and
research (ER)

Supporting services

Soil formation (SF)

Nutrient cycling
(NC)

Wild food production [e.g.
rabbits (invasive species),

M. crystallinum plant species]
Meat production (goat and
sheep grazing)

Miscellaneous crops
(watermelons, sweet potatoes,
onions, aloe vera, etc.)

Milk production (goat
grazing)

For lime kiln industry,
bakeries, moonshine
production, household
heating, cooking, etc. (e.g.
from: L. arborecens or Lycicum
intricatum)

Wool and leather (goat and
sheep grazing)

Construction materials
(limestone and aggregates)
Glass (from the combustion of
M. crystallinum)

Timber from Tamarix
canariensis for tillage tools
Caustic soda (from the
combustion of

M. crystallinum), sand used in
the manufacture of soaps, etc.
Installation of ports, factories,
etc.

The habitat of a high number
of species of endemic flora and
fauna

For people (e.g. Euphorbia
paralias, Erodium hesperium.)
or animals (L. arborescens)

Coastal defense for protection
against storms and other
extreme events

Vegetation acts as a control
factor for sand storms

Carbon sequestration

Archaeological sites (e.g.
aboriginal deposits) and
paleontological deposits
Historical fears about sand
inundating villages
Ethnographic heritage: buried
villages, cisterns, wells, tides,
lime Kkilns, etc.

Sand dunes as a major tourist
attraction

Sports (sandboard, cycling
and running)

e.g. “Voices from the
Badlands”

e.g. Jable Farmers’
Association of Teguise or
Viento del Jable Association
Educational activities for
students, informative hiking,
international scientific
publications

Common to most habitats

Madoz (1849); Viera y
Clavijo (1982)

Hernandez-Pacheco, 2002

Viera y Clavijo (1982)

Madoz (1849); Viera y
Clavijo (1982)

Ruiz-Cermeno (1772)

Madoz (1849); Viera y
Clavijo (1982)

Hernandez-Pacheco, 2002

Everard et al. (2010);
Barbier et al. (2011)

Le6n-Hernandez et al.
(2016)

Pena-Alonso et al. (2018)

Everard et al. (2010);
Barbier et al. (2011)

Cabrera-Vega et al.
(2013); Martin et al.
(1996)

Everard et al. (2010);
Barbier et al. (2011)

(continued on next page)
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Table 1 (continued)

Ecosystem services Description References

Photosynthesis (P)

Pollination (PO)

Provision of habitat The habitat of a high number
(PH) of species of flora and fauna

Greff (1868); del
Arco-Aguiar et al. (2010)

3.3. Social relevance of the ecosystem services

To assess the social relevance of ESs, first we created a list of the ESs
provided by El Jable based on other papers (Everard et al., 2010; Barbier
et al., 2011) and historical sources (Table 1). The 21 ESs selected were
classified into four different subgroups: i) Provisioning: food, fuel, raw
materials, cosmetics, industrial use, genetic resource and medicine-
s/pharmaceutics; ii) Regulating: of natural hazards and climate; iii)
Cultural: cultural heritage, recreation and leisure, aesthetic value,
inspiration for art, social relations, educational and research resource;
and iv) Supporting: soil formation, nutrient cycling, photosynthesis,
pollination and provision of habitat.

The social relevance of each ES loss or modification was analyzed
using historical sources and in relation to five land uses: urbanization,
aggregate extraction, grazing, cultivation and logging. Using the available
information, three criteria were selected to define the degree of rele-
vance: social sensitivity, economic and political. The three criteria were
selected based on the evaluation in environmental planning proposed by
McAllister (1982) and following the main driving forces (socioeconomic
and political) of the changes in the aeolian sedimentary systems of the
Canary Islands defined by Santana-Cordero et al. (2017).

For the social sensitivity criterion, four categories with corresponding
scores were established (none, low, medium and high) to define the
impact produced by the loss of an ES on the society, including the
generation of social mobilization/protests (social response). The eco-
nomic criterion was based on three categories (low, moderate and high)
defining the monetary costs associated with the loss of an ES. Finally, for
the political criterion, four categories were created (none, regulation,
prohibition and restoration/protection) to evaluate whether local or
regional governments have regulated or prohibited land uses to protect
an ES or, if lost, whether they have developed restoration plans
(Table 2).

The overall historical social relevance when a land use had an impact
on an ES was then calculated as the sum of the scores awarded for each
criterion (social sensitivity, economic and political) divided by the
maximum score possible (9).

Table 2
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4. Results and discussion

To understand the social relevance of ESs it is necessary to first know
the trends in the local economic model and the historical evolution of
the land uses and the ecosystem. Thus, the reconstruction of the evo-
lution of the landscape and the land uses is presented in the first part of
this section and is followed by the analysis of the social relevance of the
ESs.

4.1. Evolution of land uses and the ecosystem

The historical documents analyzed allowed reconstruction of the
land uses in the El Jable aeolian sedimentary system, the alterations they
have induced, their period of occurrence and the reasons why they have
occurred (Table 3). The information was organized into three stages
according to sediment mobility and vegetation cover. The results indi-
cate that the first stage (until 1750) is unrelated to human activity given
the small population registered. The second stage (1750-1960) shows
evidence of sediment remobilization, which had different consequences
for the economic system and infrastructure, due to traditional uses
(exploitation of vegetation for use as food, fuel, and for grazing pur-
poses). The third stage (1960 to the present) has seen the abandonment
of traditional human uses and the beginning of new ones (urbanization
and extraction of aggregates) which have generated environmental
changes in the aeolian sedimentary system (spontaneous succession of
vegetation and a consequent reduction in sediment mobility) (Fig. 2).

4.1.1. Status of the arid aeolian sedimentary system before 1750

According to the archaeological evidence found in the study area, El
Jable was first settled in aboriginal times a (De Leon et al., 2016; San-
tana-Cabrera, 2017). However, there are no references to its natural
dynamics until the 15th century. In general, reconstructing the charac-
teristics of an ecosystem before 1800 is a complex task due to the lack of
sources (Szabo and Hédl, 2011). In El Jable, in the 17th century the
Bishop of Murga stated that the “accumulation of sand is so high that six
men could sink into it”. From the end of the 17th century, the cultivation
of Mesembryanthemum crystallinum began to produce caustic soda and
the manufacture of soaps, dyes and high quality glass in the north of the
system.

In 1730, the eruption of the volcano Timanfaya covered a significant
part of the island with lava, leaving that area with no grazing land,
firewood or possibility of crop cultivation for a number of years. The
eruption resulted in the burial of part of the ecosystem considered in the
present study, damaging towns and villages in the system and disrupting

Criteria selected to assess the historical social relevance of the loss of an ES related to crops, aggregate extraction, urbanization, logging and grazing, and the categories,

score, description and sources used for each criterion.

Criterion Category Score  Description Sources used
Historical Social None 0 No mentions found. Oral sources and written press
social sensitivity Low 1 Sporadic mentions (less than 5 references).
relevance Medium 2 People show sensitivity to loss, but no mobilizations
recorded (5-10 references).
High 3 People show sensitivity to loss or their lives were
affected or there were protests, complaints, collections
of signatures or strikes (10 or more references).
Economic Low 1 The economic cost of the loss goes unnoticed (no Written press, city council minutes, the Official Gazette
references). of the province of Las Palmas de Gran Canaria, Official
Medium 2 The economic cost is discussed but is moderate (less than ~ Gazette of the Canary Islands Government
5 references).
High 3 The loss causes significant economic losses and is
frequently referred to (5 or more references).
Political None 0 Not discussed in government minutes at any political City council minutes, the Official Gazette of the
level. province of Las Palmas de Gran Canaria, Official
Regulation 1 The government develops laws to regulate the land use.  Gazette of the Canary Islands government
Prohibition 2 The government develops laws to ban the land use.
Restoration/ 3 The government starts to develop restoration measures

protection or protection figures.
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Table 3
Ecosystem evolution and effects of land uses on vegetation and landforms in El
Jable from 1730 to the present.

Ecosystem Period Induced by Source
evolution
Vegetation
Deforestation 1750-1960 Firewood Historical documents (e.g.
collection El Fénix newspaper, 15/
Cleaning for 07/1864)
cultivation
Spontaneous From 1960 Fossil fuel Aerial photographs
recovery importation Orthophotos
Livestock
reduction
Geomorphological
Partial burial of 1730-1736 Volcanic eruption Romero (1991)
the system
Sediment 1750-1960 Deforestation Historical documents (e.g.
remobilization El Fénix newspaper, 15/
07/1864)
Sediment From 1960 Spontaneous Cabrera-Vega (2010)
stabilization recovery
Reduction in
sediment input
Sand flows Rare Deforestation Historical documents (e.g.
occurrence Torrential Antena, 04/02/1958)
rainfalls
Beach 1750-1960 Sediment Greff (1868); Rumeu de
progradation remobilization Armas (1981)
Torrential
rainfalls
Submarine sand 1750-1960 Sediment Greff (1868); Rumeu de
bank remobilization Armas, 1981
enlargement Torrential
rainfalls
Beach erosion From 1980 Sediment Historical documents (e.g.
stabilization La Voz de Lanzarote, 13/
Barriers to sand 10/1989)
transport
Dune size Unknown Sediment Hernandez-Pacheco,
enlargement —1960 remobilization 2002
Dune size From 2000 Sediment Cabrera-Vega (2010)
reduction stabilization
Reduction in
sediment input
Barriers to sand
transport
Aeolian Unknown to  Urbanization Aerial photographs
landforms present Aggregate Orthophotos
destruction extraction
Direct human modifications
Changes in Unknown to  Barriers to sand Aerial photographs
accumulation present transport Orthophotos
areas Vegetation
changes
Beach From 1990 Governmental Historical documents (e.g.
regeneration administrative La Voz de Lanzarote, 24/
actions 12/1994)
Reduction of From 1980 Sand extraction Cabrera-Vega (2010);

sediment
availability

aerial photographs;
historical documents

its economic activity. The flow that affected El Jable (located east of the
eruption) covered a total of 3.86 km?.

In this period, no references were found in the city council minutes or
the historical documents that were consulted to problems caused by the
transit of the sand. It is possible that the mobility of the ecosystem
during this stage was much lower and that it only began to increase at a
later stage with the rise in the number of inhabitants and the consequent
increase in demand for vegetation as fuel. The existence of aboriginal
settlements (Leon-Hernandez et al., 2016; Santana-Cabrera, 2017) can
be seen as evidence of low sediment mobility prior to the increase in the
intensity of land uses. Working on the reasonable assumption that
aboriginal societies and farmers would have had a good knowledge and
awareness of their natural environment (Dekens, 2007), it seems
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unlikely that they would have settled in the center of a stream of sand
with the ability to repeatedly bury their homes and crops.

4.1.2. Deforestation and sand mobility (1750-1960)

At the beginning of this period, El Jable had about 10,000 in-
habitants (Fig. 2) distributed in 11 towns and villages. The cultivation,
grazing and exploitation of vegetation for use as fuel were the main
activities. An important deforestation process began to take place for
various purposes, including the burning of plant material to produce
high alcohol content liquors and to generate tillable land for crop
cultivation (Caballero-Mtjica, 1991). The effects of the removal of
vegetation to create fields for the cultivation of crops became evident. In
this respect, numerous references were found from the years 1830-1840
to the problems being caused by sand (e.g. the burial of crops, infra-
structure and houses) as the result of the cultivation of M. crystallinum
and the use of vegetation as fuel.

The administration attempted to implement measures to slow down
the progress of sand transport, as has also been reported for China (Qi
and Luo, 2004; Qi and Wang, 2003; Wang, 2004). However, despite the
implementation of an agreement for the planting of shrubs in 1842 and
the publication by the Canary Islands Regional Government in the
Official Gazette of 1843 that shrub removal was to be avoided, the sit-
uation would not change in the following years. However, the
M. crystallinum trade would gradually diminish from this point on, as
exportations to other countries began to decline.

The result of sand mobilization is similar to that found in other
similar ecosystems in Israel (Tsoar and Blumberg, 2002; Kutiel et al.,
2004). In El Jable, the erosion processes caused the partial or total burial
of houses and forced migrations from San Bartolomé, Tao or Mozaga
(towns in the interior of El Jable) (Madoz, 1849). Likewise, sand
mobilization affected the remains of aboriginal villages and various in-
frastructures including a road that, according to travelers, was unusable
due to the accumulation of sand. Frequent references can be found in
press reports (1843-1864) and oral sources (1940).

It is possible that, because the aeolian sedimentary system discharges
into the beaches of Arrecife, the historical land uses produced a pro-
gradation of the beaches or changes in the depth of the port area
throughout the 19th century, forcing vessels to anchor at sea and use
smaller boats to get to the island, as was reported by travelers
(Alvarez-Rixo, 1866,/1982; Stone, 1887). Such a process has also been
observed in Jandia (Fuerteventura) due to the elimination of vegetation
cover (Marrero-Rodriguez et al., 2020). This reduction in depth due to
the accumulation in the port area of Arrecife, located on the south coast
of the aeolian sedimentary system and described as one of the best ports
in the archipelago (Glass, 1764; Ruiz-Cermeno, 1772; Caballero, 1776;
Fritsch, 2006), raised concern that the port would be unusable within a
few years. Greeff (1868) also reported that species present on the
Arrecife coast had changed due to these modifications to the depth of the
coast and the burial of coastal ecosystems.

Because of the need to adapt to this sand mobility, the inhabitants of
El Jable developed a system based on the installation of bulky bales of
rye which were positioned perpendicular to the wind to block its effects
and the impact of sand on the crops. However, in years of poor harvests,
the inhabitants were faced with the problem of having insufficient spare
material for the construction of these protective barriers (Fig. 3B)
against the burial of their crops by sediment. In such years, it is
described in the press of the time how the crops were uprooted by the
force of the wind and how the farmers had to strive manually to keep the
crops clean of sand.

4.1.3. Sand stabilization and erosion processes (1960-present)

Since 1960 there has been an important change in the economic
model prevalent in the area, principally due to the emergence of tourism
as an alternative to the traditional activities. The pressure of logging on
the El Jable system for firewood collection purposes has ceased due to
the rising importation of fossil fuels. However, there has been additional
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Fig. 2. Evolution of sand mobility, vegetation cover and land uses according to the sources used. Number of inhabitants (1768-2019) (San Bartolomé became a
separate entity from Teguise in 1787 and Arrecife in 1798). (Source: Canary Institute of Statistics, based on data from Local Councils, Island Governments, Com-

munities of Municipalities and the Spanish National Institute of Statistics).

Fig. 3. Status of vegetation cover in 1954 and in 2018 (Source: Web Map Service of the Canary Spatial Data Infrastructure) A) crops grown in pyroclastic material. B)
crops grown in sandy material with vegetation barriers to protect against wind and sediment. C) abandoned aggregate extraction area (Source: Juan M. Herndndez-

Auta. 2018).

pressure on the system due to the increased demand for aggregates for
construction purposes and the different recreational uses that have
appeared there. The abandonment of traditional uses and the cessation
of deforestation have favored plant recolonization and the reappearance
of nebkhas in Caleta de Famara (Fig. 3). However, the beaches of
Arrecife have also been modified as the result of these erosion processes.
This has forced the local administration to carry out actions to regen-
erate the beaches with sand from underwater quarries or the transfer of
sediment from other beaches, sediment that is usually lost after episodes
of sea storms. On the other hand, the capacity of the ports to receive
large ships is slowly recovering due to the disappearance of the entry of
sediment from El Jable. As stated above, the new development model of
the island, now based on tourist activity, has generated new land uses on
El Jable, such as the extraction of aggregates for construction, the ur-
banization of the coastline and the proliferation of recreational
activities.

The traditional practice of crop cultivation, along with the use of
land for grazing by a small number of goats and sheep, continues to be
present in El Jable. There are two types of crop cultivation: the first is
carried out using an artificially arranged layer of pyroclastic material
(Fig. 3A), while the second is established directly on the sand (Fig. 3B).
Even today, it can be seen how traditional practices are maintained to
protect crops from the prevailing winds (using bales of rye or rows of
L. arborecens).

By 2018, 9.35 km? of the sector had been urbanized, particularly in
the area around the port of Arrecife and a few scattered built-up areas in
the northern sector of the system. The buildings constructed across the
sediment transport exit sector have acted as a barrier, isolating the
beaches of this southern area. On the other hand, the constructions to-
wards the north have acted as a barrier to the entry of sediment into the
system and have consequently resulted in landform modifications
(Cabrera-Vega et al., 2013), as also detected in other similar systems in
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Fig. 4. Representation of ecosystem services in historical sources. PS: Provisioning services; RS: Regulating services; CS: Cultural services; SS: Supporting services.

the Canary Islands, including Maspalomas (Gran Canaria), Lambra and
Jable Sur (La Graciosa) and Corralejo (Fuerteventura) (Garcia-Romero
et al., 2016).

The extraction of aggregates that began in 1980 in the study area has
had two main purposes. Firstly, to supply the demand for materials for
the construction and creation of infrastructure and, secondly, for the
agricultural sector. However, in the case of the extraction of biogenic
sands, its destination has mainly been for construction purposes. The
extractions were carried out 24 h a day, and in many cases illegally. In
response to various limitations imposed by governmental bodies, the
industrial sector held strikes to allow the extractions to continue. The
extractions often generated large quarries up to 8 m deep (Fig. 3C). The
total affected area amounts to 6.48 km?2. The extractions have generated
a deficit in the final sediment balance that can be transported and large
traps that retain the sediments from the Caleta de Famara and Soo
sectors.

4.2. Social relevance of ecosystem services

The representation of the different ESs in the historical sources varies
depending on the type of service (Fig. 4). Thus, provisioning services are
those that have the greatest weight in historical sources with 52% of the
references (632 references), including most notably Food (31.92%), Fuel
(9.14%) and Raw materials (7.92%). In the case of references to regulating
services (14%), only references to Natural hazard regulations appear (169
references). For cultural services, there are a total of 288 references that
are divided between Cultural heritage (7.18%), Recreation and leisure
(8%), Aesthetic value (7.51%) and Education and research (0.82%).
Finally, supporting services (136 references) only appear represented by
Provision of habitat (11%).

How aeolian sedimentary systems are managed can have an impact
on the provision of ESs (Everard et al., 2010). In this respect, Table 4
shows the qualitative impact that land uses recorded in the historical
sources have had on the ESs provided by El Jable.

In general terms, ESs are significantly affected by the elimination of
vegetation cover as this exerts an important control on the sedimentary
dynamics (Hesp, 1981; Moreno-Casasola, 1986). Likewise, urbanization
processes reduce the area available for wildlife habitats and affect the

provision of other ESs (Fuel, Raw materials, Photosynthesis and Pollina-
tion, among others).

In El Jable, the effects on the provisioning services provided by the
ecosystem between 1750 and 1960 were principally due to the problem
of the transport of sediment burying crops. Livestock grazing and the
need for fuel also resulted in modifications to plant communities, with
some species seeing their populations considerably reduced or even
becoming extinct, as also observed in other areas (Hunt, 2001). How-
ever, in El Jable, attempts were made by regional and local government
authorities to control the overexploitation of plant resources and repair
the damage caused by the sedimentary dynamics. In addition, the
important ecological movement that has emerged on the island since
1970 has exerted considerable social pressure, acting as a driving force
behind, firstly, a successful campaign to ensure the legal protection of at
least part of the system and, later, the regulation of sand extraction for
construction purposes.

As for the regulating services provided by the aeolian sedimentary
dynamics, in the pre-1960 period an oversupply of sediments increased
the capacity of the system to limit beach erosion in the southern sector.
At the same time, the removal of vegetation cover and the resulting
changes led to in an increase in the transport of sand that caused sig-
nificant damage to crops, homes, port areas and roads. From 1960 on-
wards, sand-induced damage has diminished considerably due to the
resurgence in vegetation cover, while beaches in the southern sector
have suffered erosion processes due to both extreme meteorological and
marine phenomena and the limited supply of sediment as the result of
the previously mentioned reduction in sand transport and the urbani-
zation processes that have isolated the beach.

Less evidence of the loss of cultural services was found. In general,
only a few losses related to cultural heritage (principally archaeological
sites and wells) were detected. Local tourism and recreational activities
were affected by sedimentary activity in the early 20th century due to
damage to infrastructure such as roads and signage, although the
number of visitors would have been low, and from 1960 onwards due to
the effect on mobile sand areas of urbanization processes.

Finally, the supporting services have been affected by strong erosion
and deforestation processes. The capacity of the system to serve as a
wildlife habitat has been modified by anthropic land uses
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Changes and need for control induced by land uses in the ecosystem services recorded in historical sources. F: Food; FU: Fuel; RM: Raw materials;
C: Cosmetics; IU: Industrial use; GR: Genetic resource; MP: Medicines or pharmaceutics; NH: Natural hazards; CR: Climate regulation; CH:
Cultural heritage; RL: Recreation and leisure; AV: Aesthetic value; IA: Inspiration for art; SR: Social relations; ER: Educational and research
resources; SF: Soil formation; NC: Nutrient cycling; P: Photosynthesis; PO: Pollination; PH: Provision of habitat.

1750-1960

(Low vegetation cover / high sand mobility)

1960 to present
(High vegetation cover / low sand mobility)

Provisioning services

F Problems with the crops been buried No references

FU | Resource shortage around mid-19th century Abandoned

RM Laws to control the exploitation of M. crystallinum. | Aggregate extraction started to be controlled by
Numerous laws to control deforestation. government law

C Laws to control the exploitation of M. crystallinum | Abandoned

IU | Silt accumulation in port area Recovered

GR | Species in danger/lost via grazing/deforestation

Species in danger/lost via grazing/deforestation

MP | Species in danger/lost via grazing/deforestation

Species in danger/lost via grazing/deforestation

Regulating services

NH frequent sandstorms

Sand flows associated with torrential rainfall and

South coast erosion (Arrecife) through building
acting as a barrier and vegetation recovery

CR | Lower carbon sequestration

Recovered

Cultural services

Burial of archeological sites/high fear of
CH
sandstorms/development of crop system

Destruction and protection of archeological sites

Infrastructure problems due to sediment
RL | accumulation (whole system). Municipal
ordinances for road and port maintenance.

Infrastructure problems due to sediment
accumulation (Famara)

AV Changes in the visual aspect of the landscape

through deforestation and sediment remobilization

Changes in the visual aspect of the landscape
through urbanization, aggregate extraction,
vegetation recovery and sediment stabilization

1A No references

No references

SR | No references

No references

ER | No references

No references

Supporting services

SF No references

No references

NC | No references

No references

P No references

No references

PO | No references

No references

Changes through sediment
PH | remobilization/introduction of invasive
species/species lost through massive grazing

Favored by land protection laws/deteriorated
through introduction of invasive species and
urbanization processes

Legend High losses |

Moderate losses

Increase No change detected

(Hernandez-Cordero et al., 2017, 2018; Garcia-Romero et al., 2019). By
way of example, underwater habitats were gradually buried, which
resulted in modifications to the species (fauna and flora) found in the
submerged area of Arrecife (Greff, 1868). This shows that there is an
important link between the different ecosystems of the insular areas and
that proper management is vital for their proper operation and conser-
vation. Although, from 1987 onwards, new environmental laws pro-
tecting the system have contributed to conserving these services, the
introduction of invasive species and the urbanization process that began
with the emergence of tourism has had a negative impact on wildlife
habitats.

In summary, it seems that the uses that have most influenced the
alteration of ecosystem services are those related to the removal of
vegetation cover (grazing and obtaining fuel) and the urbanization
process (Table 4), the effects of which have also been analyzed for the
Mediterranean coast (Carranza et al., 2019). In the case of El Jable, the
ESs are conditioned by important changes in the sediment transport rate

of the aeolian sedimentary system.

The social relevance of the ESs shows an important relationship with
the land uses. Before 1960, the ESs with a high score in social relevance
are generally related to the safety of the population, the provision of an
economic income (e.g. Fuel or Raw materials), or the guarantee of food
(Food) as they alleviate poverty (Shackleton et al., 2008). This is also
related to the fact that some ESs can produce tangible resources, while
the intangible nature of others makes them less relevant to the popu-
lation. Changes in the social relevance of the ESs were observed in the
information collected from the historical sources, starting around 1960
(when the transition to tourism begins). From that moment, Aesthetic
values, Local culture, Provision of habitat and Natural hazards gain in
importance. The increase in the social relevance of Provision of habitat is
related to the appearance of pro-environmental movements in the is-
land. The references to Raw materials, which until 1900 are related
almost exclusively to the extraction of limestone and firewood, later,
from 1980 onwards, give greater prominence to the extraction of
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Fig. 5. Evolution of the number of references to ecosystem services in the historical sources consulted.

aggregates. Similarly, with respect to the Natural hazards regulating
service, the references up to around 1950 speak of the problem of the
massive aeolian transport of sand, whereas from 1980 onwards the
problem of beach erosion because of marine storms is the main topic of
discussion. However, the most important trend is the reduction of ref-
erences to Food and Fuel and the increased number of references to
questions related to Cultural heritage, Aesthetic value, Recreation and lei-
sure and Provision of habitat (Fig. 5). This shows that there has been a
profound change in the mentality of the population, who now depend on
imported products from abroad (food and fuel), and in the main eco-
nomic activity (from agriculture and livestock to tourism). It should be
noted that some of the services considered in this section do not appear
in the historical references. They are nevertheless included because of
their punctual exploitation or because they are intangible services and
the lack of scientific research on regulating and cultural (apart from
recreation and leisure) services is mainly related to the complexity of
assessing intangible values (Schaich et al., 2010). Rural society, and
indeed in many cases society in general in the past, has traditionally not
attached much importance to ESs such as Genetic resource, Climate
regulation, Inspiration for art, Social relations, Soil formation, Nutrient
cycling, Photosynthesis or Pollination.

The historical social relevance of changes to or the loss of an ES
related to different land use is shown in Table 5. As can be seen, the

effects of the urbanization process since 1960 generally resulted in low
scores despite the loss of ESs. The Natural hazards regulating service
obtained a high score (0.89), given the wide-ranging debate held about
the buildings of the city of Arrecife creating a barrier to the arrival of
sand and, therefore, an increased vulnerability to marine storms. Like-
wise, the Provision of habitat service (0.67) scored high due to the
emergence of the ecological movement and the tourist urbanizations in
the surroundings of Caleta de Famara.

With respect to aggregate extraction, high social relevance scores
were only obtained for the services of Cultural heritage (0.78) and
Aesthetic value (0.67).

The ESs from which the population benefits directly are those that
have the greatest social relevance. As such, grazing scored high in the
provisioning services of Food (0.89), Fuel (0.67) and Raw materials
(0.67). Likewise, logging also produced several changes in the capacity
of the ecosystem to provide its services with various problems related to
the elimination of vegetation, as can be seen in the scores for Food
(0.89), Raw materials (0.44) and Fuel (0.89). In this respect, most of the
references come from a time when food, fuel and raw materials were
produced in the immediate environment. Because these three uses were
competing for the same resources, the capacity of the ecosystem to
provide them was compromised. By way of example, with respect to the
Food service, both agricultural farmers and shepherds/goatherders
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Table 5
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Social relevance of the change to or loss of an ecosystem service induced by land use. Horizontal axis: S: social sensitivity criterion; E: economic criterion; P:
political criterion. Zav: Sum of all scores. Vertical axis: F: Food; FU: Fuel; RM: Raw materials; C: Cosmetics; O: Others; IU: Industrial use; GR: Genetic
resource; MP: Medicines or pharmaceutics; OS: Ornamental source; NH: Natural hazards; CR: Climate regulation; CH: Cultural heritage; RL: Recreation and
leisure; AV: Aesthetic value; IA: Inspiration for art; SR: Social relations; ER: Education and research; SF: Soil formation; NC: Nutrient cycling; P: Photo-

synthesis; PO: Pollination; PH: Provision of habitat.

Urbanization Aggregate Grazing Cultivation Deforestation
(1960-present) extraction (1980- (Unknown- (Unknown- (Unknown-1960)
present) present) present)
S |E |P |Xav |[S |E |P |ZXav |S |E |P |Xav |S |E |P |Xav |S |E |P | Zav
/9 /9 /9 /9 /9
Provisioning services
F 0 |1 |0 [012]0 |1 JO |0.12 3 |1 |0
FU |0 |1 |0 [012]0 |1 |O |0.02 2 |1 10
RM [0 |1 [0 |012|0 |1 |0 |0.12 2 |1 |0 |13 | 12 |
C 0O |1 |0 |0I2]0 |1 |O [O012]0 |1 |0 |0O12]0 |1 |O JO.12|/0 |1 [0 |O.12
W (o |1 |0 |012]0 |1 |O |012]0 |1 |O |OI2]0 |1 |0 JOJd2|1 [3 |1 ]O0.56
GR |0 |1 |O |0O12]0 |1 |O J0O12(0 |1 JO |[012]0 |1 |O [042]0 |1 |O ]O.12
MP |0 |1 |O (0120 |1 |O |012]0 |1 |O |O012|0 |1 |O 0120 |1 |O ]O.12
I o Jor2 m
CR |0 |1 |]O |0O12]0 |1 |O J0O12]J0 |1 JO [012]0 |1 |O |042]0 |1 |O ]O.12

Cultural services

CH [0 |1 |O |oO.12 0 |1 |0 |0.12 0 [2 |0 023
RL |0 |1 |0 |0.12 0 [1 |0 [012]/0 |1 |O |O0.12

AV |0 |1 [0 |0.12 0 |1 |0 |0OI12]0 |1 |O |O12]/0 |1 [0 |0.12
IA [0 |1 |0 |0.12 0 |1 |0 |012]0 |1 |O |O12|/0 |1 [0 |0.12
SR |0 |1 |O |OJ2 |0 |1 |O |0OI2]0 (1 |O |O12f/0 |1 |O |0I2]0 |1 |O |O.12
ER |O |1 |O |012]0 [1 |JO |012]0 |1 |O [012]0 |1 |JO [012]0 |1 |O [O0.12
Supporting services

SF |0 |1 |0 |0J2 |0 |1 |O |OI2]0 (1 |O 0120 |1 |JO |OI2]0 |1 |O |O0.12
NC |0 [T |O |012 |0 |1 [0 |0O12]0 |1 |O |OJ2|0 |1 |O |OI2]0 |1 |O |0.12
P 0 [1 |0 |012]0 |1 (O |O12|J0 |1 |O (0120 |1 |O |0O12|/0 |1 [0 |0.12
PO |O |1 |O |012]0 |1 |O |012]0 |1 |O [012]0 |1 |O [012]0 |1 |O [0.12
'pH 230673 [1 [1 Jos6]o [1 [3 Jo4as]0 [1 [3 Jo45]1 [1 [0 [023

Low social relevance Moderate social relevance

would have been competing for the same resource, which explains the
high historical social relevance score due to the loss of/damage to both
these land uses. This produced a conflict between the two types of user,
as has also happened in other areas (Kovacs et al., 2015).

Grazing, cultivation and logging scored high in the Natural hazards
regulating service (grazing = 0.89; cultivation = 0.67; logging = 0.89),
in this case highlighting the debate around the increase in wind trans-
port and the significant damage that this exerted in the period
1750-1960 (as described above). From 1960 onwards, beach erosion
due to marine storms is mainly attributable to the urbanization process
that has isolated the beaches from the rest of the aeolian sedimentary
system.

Interestingly, in general terms, no type of management or prohibi-
tion measure has been taken by the administrations if there has been no
social relevance or mobilization. In other words, political actions are
directly related to social sensitivity or vice versa (McClurg, 2006). The
only case that might be considered an exception is the case of the Pro-
vision of habitat service for grazing and cultivation, for both of which
protective and regulatory measures have been established despite the
fact that both the extraction of aggregates and urbanization are more
harmful to the provision of that service (Garcia-Romero et al., 2019;
Marrero-Rodriguez et al., 2020b). Finally, despite the potential damage
of some land uses, some of the ESs scored low in terms of social
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relevance. Those with the lowest scores are intangible services
(including Inspiration for art, Social relations, Education and research, Soil
formation, Nutrient cycling or Photosynthesis), or have only been sporad-
ically exploited (Cosmetics, Genetic resource and Medicines or
pharmaceutics).

The methodology used in the present work has some limitations. The
reconstruction of land uses and landscape has been widely carried out by
numerous authors (e.g. Grossinger et al., 2007; Hoffman and Rohde,
2007), but the loss of ESs and the reaction that people and management
entities have to such losses has not been studied in depth historically
(Balee. 2006). However, the relationship between ESs and land uses has
been demonstrated in many studies (Su and Fu, 2013; Sun et al., 2019).
It should be noted that the limitations of historical ecology for other
works are also applicable to ours (Szabo, 2015). Nonetheless, the his-
torical analysis carried out in the present work constitutes a tool to
understand the driving forces behind the loss of a service, the reaction of
society and political management. It should also be highlighted that
many management measures are not applied until the moment when
land uses have transformed or pushed the capacity of an ecosystem to
provide an ES to its limit. In addition, this work shows the existence of
conflicts for the exploitation of resources and the reaction of society to
such conflicts through a methodology that integrates the social, politi-
cal, environmental and economic dimensions using sources for a period
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of more than 200 years, which is commonly the limit of historical
ecology studies (Szabo, 2015).

In terms of management, there is a tendency to integrate the physical
and social sides under the framework of the integrated management of
coastal areas (Scura et al., 1992; Thia-Eng, 1993; Post and Lundin, 1996)
because society increasingly has more concerns about the environment
and because management measures entail changes in the perception of
users about the ecosystem (Pranzini et al., 2010). Therefore, this work
offers an example of the monitoring of the reaction of societies to
changes over an extensive period using the available sources. Works of
this type can be useful in the decision-making process for societal inte-
gration in areas that depend heavily on a service sector-based economy,
as well as in areas where traditional uses and subsistence economies are
predominant. In both, planning, management and, later, monitoring
(Micallef and Williams, 2002) are important to stop the degradation of
ecosystems and, therefore, the loss of ESs.

In the present study, the aims of historical ecology as proposed by
Biirgi and Gimmi (2007) have been taken into consideration in the
reporting of the evolution of landscape management and how society
has perceived the changes that have taken place. Knowledge of historical
trends improves our understanding of the natural dynamics of land-
scapes and provides a framework for evaluating current patterns and
present and future processes (Swetnam et al., 1999). Finally, this work
can be of help to land managers who need to understand how man-
agement measures can provoke reactions in society or land custody
entities, as well as to understand the reasons behind social reactions to
changes in ecosystems and the services that they provide. Additionally,
the reconstruction of land uses and their consequences for the natural
dynamics of an ecosystem can help to understand the responses of that
system to new environmental conditions, land uses or management
measures (Swetnam et al., 1999; Berkes et al., 2000). In summary, the
present work can help managers to plan the integrated management of
coastal areas, using history as a tool to understand changes in the
perception of society, the responses of ecosystem dynamics to land uses,
and changes in ESs.

5. Conclusions

The methodology used to reconstruct historical social relevance
related to the loss or modification of ecosystem services has shown the
existence of a relationship with the different land uses that took place
during varying timeframes of the study period. In this particular case
study, environmental changes in El Jable (Lanzarote, Canary Islands)
were found to have a social relevance in the past when the impacts were
due to anthropogenic activities. Two main periods related to the loss of
ecosystem services and environmental changes were identified: i) from
1750 to 1960, during which time traditional uses caused significant
deforestation of the system and consequent sediment remobilization; ii)
from 1960 to the present, during which time the abandonment of
traditional uses has resulted in sediment stabilization due to the spon-
taneous re-emergence of vegetation. In both periods, the social rele-
vance of the ecosystem services changed depending on the different land
uses of each period. The analysis of historical sources reveals that the
changes to or loss of ecosystem services which have had high social
relevance are related to the social sensitivity, political or economic
criteria that were considered, and that these depend to a large extent on
the type of service provided (provisioning, regulating, cultural or sup-
porting). The most direct and vital ecosystem services (the provision of
food, fuel and raw materials, and the regulation of natural hazards) are
those with the greatest historical social relevance until 1960. At this
point in time, a change to the economic model involving the promotion
of tourism resulted in other aspects (cultural heritage, recreation and
leisure and aesthetic value) acquiring greater social relevance in terms
of citizen safety (regulation of natural hazards), ecosystem conservation
(provision of wildlife habitats) and culture (cultural heritage). This
research also helps us understand that despite the fact that two
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ecosystem services may be lost due to the same land use, the social re-
action may be different and, with it, the influence that society has had on
the restoration, regulation and protection measures and on the political
and economic decision-making processes. It additionally shows that
most management measures are taken after the loss of an ecosystem
service or after important modifications to the natural dynamics of the
ecosystem.
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