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Abstract
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The Mediterranean Basin covers more than 2 million square kilometres and is surrounded by three conti-
nents: Africa, Asia, and Europe. It is home to more than 500 million people and is projected to reach 670
million by 2050. The basin is rich in species diversity, with a great wealth of endemism. The supply of eco-
system services is greatly challenged due to the trend of land use and land cover (LULC) change coupled
with other global change drivers. The current study thoroughly reviewed the existing body of knowledge
on the impacts of LULC change on forest ecosystem services. The LULC change is driven by synergetic
factor combinations of urbanization, population increase, agricultural land abandonment and deforestation
putting additional strain on forest ecosystem services. The review shows the potential impacts on biodiver-
sity as well as ecosystem services such as wood and non-wood forest products, water resources, and carbon
stock. Moreover, there is evidence showing the threats of LULC change to saproxylic beetle species, a key
agent in the nutrient cycling process, posing a significant risk to a nutrient-deficient ecosystem. Therefore,
there is a need to mitigate the challenges posed by LULC change and adapt forest management practices to
impending changes to sustain the provision of ecosystem goods and services.
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Introduction

Land use and land cover (LULC) change research has
gained momentum in the last decades and still dominate
global discussions among scientists and researchers be-
cause of its primary role in several pressing issues such
as global climatic change, food security, soil degradation
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and biodiversity loss (GeisT and LamBIN, 2002; OVER-
MARS, 2006). The land-use change issues surfaced on
the research platform several years ago, when the land
surface impact on the climate was discovered (LAMBIN
et al., 2003). According to OTTERMAN (1974), CHARNEY
et al. (1975) and SaGaN et al. (1979), it was detected in
the mid-1970s that land cover change alters the surface
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albedo and thus surface-atmosphere energy exchanges
with an impact on regional climate. Subsequently, the
studies in the early 1980s found that the terrestrial eco-
systems acted as sources and sinks of carbon, revealing
the effects of LULC change on the global climate via
the carbon cycle (WoODWELL et al., 1983; HOUGHTON et
al., 1985). The terrestrial biosphere has provided valu-
able resources such as food, medicine, fibre, non-wood
forest products and freshwater to humans for several
years. However, RAMANKUTTY and FOLEY (1999) argued
that the earth’s environment in the last three centuries
has witnessed a huge transformation due to human ac-
tivities. The recognition of environmental damage due
to human activities is not a new concept. As far back
as 1864, Marsh identified the severe impacts of human
activities on the earth’s landscape (RAMANKUTTY and
FoLEY, 1999). In a follow-up study in the mid-century,
TaOMAS (1956) endorsed the findings of Marsh and re-
ported that the noticeable global change over the years
has been a result of direct human alteration and land
cover transformation. In a recent study, KAREIVA et al.
(2007) found that about 50% of the earth’s surface trans-
formation or degradation was due to human actions.

The conversion and alteration of the natural
ecosystem to agriculture production has been the prima-
ry means of land exploitation by humans (RAMANKUTTY
and FoLEY, 1999). Globally, in the last three centuries,
about 12 million km? of forests and woodlands have
been removed, grasslands and pastures have declined by
roughly 5.6 million km? and agriculture has expanded
by 12 million km? (RicHARDS, 1990). According to Fo-
LEY et al. (2005), land-use practices such as agricultural
expansion may trade short-term benefits (increased food
supply) for long-term losses in ecosystem services. Al-
though land-use practices differ from one region to an-
other, FOLEY et al. (2005) emphasized that the rationale
of land tillage is inherently the same; the exploitation of
land resources to meet human needs, usually at the cost
of modification of the environmental conditions.

The Mediterranean Basin, which covers more
than 2 million square kilometres, is home to a great va-
riety of ecosystems and species. The basin is surround-
ed by 21 countries with a population of more than 500
million and is projected to reach 670 million by 2050
(LIEUTIER et al., 2016; BLEU, 2019). The Mediterranean
forests provide a wide range of critically important eco-
system services such as food, medicines, wood forest
products, hydrological hazard mitigation, climate regu-
lation, ground water recharge and purification, pollina-
tion, recreational and leisure use and the provision of
habitats for forest species (FAO, 2013; NocE and SAN-
TINI, 2018). The provisioning of these services undoubt-
edly makes the forest vital in sustaining human life
(BENGTSSON et al., 2000; FoLEY et al., 2007). Over the
last decades, the region has undergone intense LULC
change due to the relocation of people to the coastal bor-
der, forest fires, the abandonment of farms and grazing
land, the rapid expansion of tourism-related activities,
urbanization, deforestation, and the intensification of

agriculture (FaLcuccr et al., 2007; SERRA et al., 2008;
GERI et al., 2011; BESACIER, 2013). The objective of this
paper is to present an overview of the Mediterranean
LULC change and its implications on forest ecosystem
services based on a comprehensive review of the sci-
entific literature relevant to this study. Specifically, the
study sought to answer the following questions: (i) How
has the Mediterranean forest evolved in the light of
LULC change? (ii) How has LULC change impacted the
Mediterranean forest ecosystem services? Following
this introduction, we structured the review into five ma-
jor sections. We first discussed observed LULC change
trends of the Mediterranean basin. We briefly describe
the Mediterranean forest ecosystems. We proceeded to
discuss the impacts of climate change on biodiversity.
We then summarized the scientific literature on the
LULC change impacts on forest ecosystem services. Fi-
nally, we concluded with a summary and outlook of the
impact of LULC change on forest ecosystem services
in the Mediterranean basin and proposed some research
directions to improve LULC studies.

The Mediterranean basin

The Mediterranean basin (Fig. 1) is a meeting point for
three continents, Europe, Asia, and Africa. It has a great
diversity of plants and animals and is considered one
of the biodiversity hotspots (MYERS et al., 2000) in the
world because of its high species richness and endemism
rate (THOMPSON, 2005). According to SCARASCIA-MUG-
NozzA et al. (2000) about half of the Mediterranean
flora is endemic, which has evolved over a long period
under diverse climatic conditions. The total area show-
ing a Mediterranean-type climate (MTC) is about 2.3
million square kilometres, with transitions toward tem-
perate forest ecosystems (in the European mountains)
and toward arid ecosystems (in North Africa and the
Near East). The basin is essentially marked by seasonal
and annual variability. For example, the mean annual
temperatures vary between 5 and 8 °C, and the mean
annual precipitation ranges from 300 mm to more than
2,500 mm (QUEZEL et al., 1977). It is one of the few
places on earth with a long history of intense human
activities (THIEBAULT et al., 2016). The basin, as a result
of increased exposure to diverse conditions such as; po-
litical, climate, and socio-economic factors, serves as
a perfect example of human-environment co-evolution
(THIEBAULT et al., 2016).

Methodology

To assess the impact of land use and land cover change on
forest ecosystem services in the Mediterranean basin, an
extensive literature search was conducted in Scopus and
Google Scholar databases in July 2020 for original peer-re-
viewed publications without restricting publication year
using the following search terms: (“land-use” OR “land
use land cover”) AND (“impact” OR ‘‘effects’”) AND
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Fig.1. The Mediterranean basin. Adapted from BLEU (2009).

(““forest ecosystem services”” OR “‘ecosystem services’’)
AND (“Mediterranean”). We reviewed the abstracts to
remove the articles that did not address the scope of this
review and only used the terms as buzzwords. These in-
cluded articles focusing on the temperate biomes of some
Mediterranean countries (e.g. Spain, France, Italy and
Portugal); studies assessing the LULC change impacts
of different ecosystems (shrubland, grassland, and ma-
rine) other than the forest; and LULC change articles that
focused on geographic areas outside the Mediterranean
Basin (unless otherwise used for comparison). Based on
the aforementioned criteria, 78 articles were considered
relevant for this study. In addition to the peer-reviewed
papers, reports, conference proceedings papers, theses,
and book chapters that effectively addressed the topic and
were conducted in the Mediterranean basin were consid-
ered. After selecting the studies that fit the scope, a sum-
mary of the review notes was made for each paper. The
features of the study were described together with notes
on the issues investigated.

Mediterranean land use and land cover (LULC)
change trend

The landscape of the Mediterranean basin is an integra-
tion of forests and other woodlands, which are strongly
interconnected with urban and agricultural/rural ar-
eas (BESACIER, 2013). The forest ecosystem has provid-
ed humans with multiple goods and services for a very
long time. However, increasing human activities such as
overgrazing, fire, deforestation, and unsustainable man-
agement have degraded the landscape (BROCHIER and
Rawmieri, 2001). The current landscape is a result of a
long-term interaction between human populations and
forest ecosystems (BESACIER, 2013).
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Human impacts may have increased when peo-
ple lived as hunter-gatherers, they became significant
with the advent of domestication, about 10,000 years ago
in the Near East (HaRrRIs, 2004). According to FALcucct
et al. (2007), 75% of the original postglacial area of the
Mediterranean forest was lost at the end of the nineteenth
century following the post-industrial revolution. In gener-
al, the increase of human activities in the past contributed
to biodiversity loss, deforestation and soil erosion (GIOR-
DANO and MaARINI, 2008). Although, the Mediterranean
land cover has been changing since the end of the 1940s
(LAVOREL et al., 1998; Fox et al., 2012), the change has
varied from one area to another across the region. For ex-
ample, the forest area in southern France between 1965
and 1976 increased by 2,428 km? per year, whereas the
forest area in Tunisia decreased by 130 km? per year over
the same period (SHOSHANY, 2000).

In summary, a wealth of historical and contem-
porary literature shows that the Mediterranean landscape
has witnessed a significant LULC change due to series of
extensive and often interlinked phenomena: urbanization;
crop expansion in the most fertile lands and agricultur-
al abandonment in marginal areas; frequent and several
intense summer forest fires; and the rapid expansion of
tourist activities and infrastructures, along the coasts
(ANTROP, 2004). These changes have varied among differ-
ent areas (the northern, southern and eastern) of the basin
and been either positive or negative.

Mediterranean forest ecosystems

In the Mediterranean basin, forests cover more than 48.2
million ha of which the largest cover (35 million ha) is
found in the northern area, followed by the eastern area
(8.8 million ha) with the least coverage in the southern



area of the basin (4.4 million ha) (QUEZEL and MEDAIL,
2003; FApY and MEDAIL, 2004). The Mediterranean for-
est has over 30,000 diverse plant species (LIEUTIER and
PAINE, 2016). It is considered one of the 34 biodiversity
hot spots (MEDAIL and QUEZEL, 1997; BENABID, 2000).
The abundance and richness of the basin according to
Nock and SANTINI (2018) is due to its harbouring role
during the glacial age. The forest ecosystem is highly
dominated by sclerophyllous plants. Trees are usual-
ly resistant to drought with a high number of ligneous
structures and low water levels. The plants are also rich
in volatile substances (LIEUTIER and PAINE, 2016). Unlike
temperate forest ecosystems, Mediterranean forests have
a smaller leaf area index (HICKLER et al., 2012), moder-
ate biomass and primary productivity probably, due to
summer droughts. Further, in contrast with both tem-
perate and boreal forests, the Mediterranean forest land-
scape consists of several isolated and usually small-sized
patches of stands. This is because of the blend of several
factors, such as paleogeographic, climatic, and ecological
processes, as well as ancient and current human activities
(QuEZEL and MEDAIL, 2003).

Impact of LULC change on biodiversity

Human-induced biodiversity loss has increased in the
last century (CEBALLOS et al., 2015; STEFFEN et al., 2015).
Land-use and associated pressures have been the main
drivers of terrestrial biodiversity change (VI£ et al., 2009).
Among the major changes induced by anthropogenic ac-
tions, the loss of biodiversity stands out due to its irre-
versibility (FREITAS, 2006). Land-use change is acknowl-
edged as the main threat to biodiversity as it contributes
to damage, fragmentation, and the loss of (semi-) natural
habitats (FOLEY et al., 2005; PEREIRA et al., 2012). The loss
of biodiversity has severe impacts on the ecosystem func-
tion and services with consequences on human livelihood
(CARDINALE et al., 2012). Moreover, GARCIA-VEGA and
NewsoLD (2020) found that the decline of biodiversity
may lessen the carbon (IV) oxide sequestration capacity
that could undermine climate change mitigation.

The Mediterranean forest ecosystem harbours
several species of plants and animals (BLEU, 2019). How-
ever, for several years, much of this forest has been lost
or transformed as a result of human settlement and hab-
itat modification (TUCKER and Evans, 1997). It is one of
the four most altered hotspots on earth (MYERS et al.,
2000). The increasing anthropogenic pressures on the
forest ecosystem have had an impact on the abundance
and diversity of plants, vertebrates, fungi, and beneficial
insects. A growing body of literature on biodiversity has
reported the decline of species richness and endemism
rate in the intense agricultural and urban locations in the
basin (MATSON et al., 1997; PrEiss et al., 1997; LAVOREL
et al., 1998; DonALD et al., 2001; BENTON et al., 2003;
LAVERGNE et al., 2005; FaLcucct et al., 2007; NEWBOLD
et al., 2015; GARciA-VEGa and NEWBOLD, 2020).

A detailed report by BLEU (2019) on the state of
the Mediterranean forest shows that strong human pres-

sure during the Neolithic caused the decline of mammal
species. Fungi constitute one of the largest and most di-
verse kingdoms of eukaryotes and a significant biolog-
ical component of forest ecosystems (BLEU, 2019). The
Mediterranean forest ecosystems host a number of fungi
species (ANGELINI et al., 2016). The progressive decline
of these significant species in the basin has been linked
to habitat dwindling due to clear-cutting and timber har-
vesting (DAHLBERG et al., 2010). HUHNDOREF et al. (2004)
emphasize that the removal of considerable quantities of
timber from the understorey affects the growth of fun-
gi, the establishment of mycorrhizal associations with
plant seedlings, and the maintenance of mycorrhizal fun-
gi associations in seasonally dry forests. Beside fungi
species, the Mediterranean basin is home to saproxylic
beetles. Saproxylic beetles are a group of insect species
that depend on deadwood or wood-decaying fungi for
some portion of their life cycle (SPEIGHT, 1989). A robust
study by STOKLAND et al. (2012) shows that these insect
species constitute a key component of the forest nutrient
cycles because of their role in the decomposition process.
Moreover, they add to the insect biomass in forests that is
available for higher trophic levels, such as breeding birds
(BLEU, 2019). Despite the role of these organisms in the
forest ecosystem, the study of Garcia et al. (2018) shows
that logging and wood harvesting, forest fires, agricultur-
al expansion, timber plantations, and grazing by livestock
are contributing to the decline of beetle populations at the
Mediterranean level. Further, the study indicates that ur-
ban development has led to an irreversible destruction of
the habitat of saproxylic beetles. For instance, the con-
struction of large tourism projects, a grave concern for
coastal places in France, Spain, Italy and Turkey modifies
tree population age structures and tree density of the host
species that saproxylic beetles need to complete their life
cycle.

It is evident from the above studies that land-use
changes, have negative impacts on biodiversity. Howev-
er, contrary to these reports, other emerging studies have
pointed out that the studies on species loss due to land-
use changes especially, species-area relationship stud-
ies (SAR) have consistently overestimated species loss
(PEREIRA et al., 2012; DE CAMARGO and CURRIE, 2015).
For instance, the studies of GERSTNER et al. (2017) and
PEREIRA and DAILY (2006) show that broad-scale assess-
ments of biodiversity loss usually do not consider the ca-
pacity of species to disperse or adapt to changing environ-
ments and basically assume that natural habitats altered
by land use cannot shelter local biodiversity. Similarly,
the report of BLEU (2019) shows that while overgrazing,
urbanization, and changes in fire regimes are identified as
the most common threats to plants at risk of extinction in
the Mediterranean basin, the most widespread vegetation
type such as sclerophyllous shrublands, are maintained
by grazing and sporadic fires. To mitigate this challenge,
the report concludes that the balance between sustainable
grazing levels and fire regimes is fundamental because
many of the endemic and restricted-range plants depend
on anthropogenic habitats maintained by grazing.
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LULC change impacts on forest ecosystem services

Ecosystem services are the benefits humans derive from
the ecosystem. They preserve human existence through
their species and natural supporting systems, which con-
stitute it (DAILY, 1997). A myriad of studies have highlight-
ed that the current pace and magnitude of LULC change
could alter the supply of ecosystem services (FOLEY et
al., 2005; SCHROTER et al., 2005; TAYYEBI et al., 2015).
In the Mediterranean basin, similar studies have reported
the possible impacts of LULC change on the provision
of ecosystem services (BELLOT et al., 2007; FaLcuccr et
al., 2007, LOPEZ-MORENO et al., 2011; GARCIA-VEGA and
NEWBOLD, 2020).

Wood and non-wood forest products

Timber is among the essential ecosystem services that
forests provide. The Mediterranean forest ecosystem sup-
plies a lot of wood and non-wood products required for
the socio-economic building of rural places and also to
meet the growing needs of the urban population (PALAHI
et al., 2008). The main provisioning services of the Med-
iterranean forest ecosystem are wood products (round-
wood, sawnwood, wood-based panels, wood pulp, paper
and paperboard and fuelwood) (FAO, 2013). Economical-
ly, the supply of these products supersedes all other pro-
visioning services (VizzArRlI et al., 2017) as they are easy
to quantify.

M Northern countries

M Eastern countries

In the Mediterranean basin, several LULC
change studies have shown that the forest cover has declined
over the last decades (WiLLIAMS, 2000; DIMITRAKOPOU-
LOS, 2001; PAPANASTASIS, 2008; MINETOS, 2009; LA MELA
VECA et al., 2016). However, specific studies on LULC
change impact on wood production are limited. Well-or-
ganized information on the direct assessment of the loss
of wood due to the LULC change is not readily available.
Nock and SANTINI (2018) found that between 1990-2000,
the Mediterranean basin recorded a 3% decrease in total
wood. Similarly, the reports of WWF (2004) shows that
the previously 3 million hectares of cork oak forests in
the Maghreb (North Africa) countries has reduced to only
a quarter (~750,000 hectares). In general, the possibility
certainly exists that the increasing LULC change coupled
with the novel climatic conditions in the basin will fur-
ther aggravate the decline of wood production if effective
and workable management plans are not put in place. The
Mediterranean forest ecosystem is not only known for
the supply of wood products but also for non-wood forest
products (NWFPs) (Fig. 2). CrRorToru (2007a) listed cork,
fodder, mushrooms, honey, and others (berries, medici-
nal plants, pine nuts, chestnuts, etc.) as major non-wood
forest products of the Mediterranean forest ecosystem.
BERRAHMOUNI et al. (2007), reported that globally, cork
oak remains the sixth-highest export, with an estimated
annual export value of around US$ 329 million. Other
NWFPs such as mushrooms, olives and carob also add
to the local economies by providing raw materials to the
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industry, which in turn protects jobs in the sector (BLEu,
2019). LULC change impacts on non-wood forest prod-
ucts in the Mediterranean basin have been studied ex-
tensively. CROITORU (2007b) reported the decline of cork
production and linked it to forest abandonment and the
development of plastics as substitutes for cork.

An increasing number of studies have also re-
ported the decline of the argan forest cover in the basin
(Bouzemouri, 2007; LE POLAIN DE WAROUX and LAMBIN,
2012; MAANAN et al., 2019). The argan tree provides the
argan fruit. The argan fruit pulp, leaves, and oilcake
(by-product) serve as an important livestock feed (ELBAZ,
2016). Further, the tree is of particular interest to Medi-
terranean communities because of its culinary, cosmet-
ic, and medicinal benefits (CHARROUF, 1998; M HIRIT et
al., 1998; MoukAL, 2004; Faouzi and MARTIN, 2014). A
comprehensive remote sensing analysis of argan stands
distribution and its spatiotemporal dynamics in Morocco,
by MouNIR et al. (2015) showed that the argan stands de-
creased from 1,050,677 ha in 1987 to 999,079 ha in 2014,
a loss of about 5%. In conclusion, there seems to be an
agreement among scientific studies that LULC change
is causing the decline of NWFPs in the Mediterranean
basin. However, depicting LULC change as the principal
cause may be a simplification of more complex processes,
as other factors may be involved in their reduction.

Water resources

The forest protects the soil, regulates the water cycle, and
accommodates most of the earth’s biodiversity (MILLEN-
NIUM EcosySTEM ASSESSMENT, 2005). It is a key compo-
nent of the hydrological cycle. LULC change such as de-
forestation, reforestation, and hillslope farming has been
found to modify soil properties, throughfall, and infiltra-
tion rates, which eventually alter the hydrological cycle at
the basin and hillslope scale (Hurni1 et al., 2005; GOUDIE,
2018).

Globally, the impact of LULC change on the
hydrological cycle has been well documented. RUPRECHT
and ScHOFIELD (1991) in an attempt to study the impacts
of deforestation on the groundwater system reported that
groundwater increased from 0.11 m per year to 2.3 m per
year after 10 years in a partially deforested catchment. The
authors further stated that streamflow initially increased
by 30 mm per year (4.0% rainfall) compared with a native
forest average streamflow of 8 mm per year (1.0% rainfall).
In a follow-up study, SAHIN and HALL (1996) found that for
a 10% reduction in forest cover, the water yield from coni-
fer-type forests increased by 20-25 mm, eucalyptus-type
forests increased by only 6 mm, whereas deciduous hard-
wood recorded 17-19 mm increase in water yield. In a re-
cent study, GuzHA et al. (2018), reported the increase of
streamflow after a forest cover loss in East Africa.

Similar findings of LULC change impacts on
the hydrological cycle have been reported in the Medi-
terranean environment around the world. The assembled
evidence from the Basin shows that anthropogenic-in-
duced land-use changes such as urbanization, agricultural

expansion, and deforestation have contributed to the de-
crease in water discharge, net water deficit and prolonged
flows in dry seasons (BELLOT et al., 2007; LOPEZ-MORE-
No et al., 2011; BRAUD et al., 2013; CoOPER et al., 2013).
Moreover, the impacts on various hydrological variables
due to the forest cover increase in the northern area and
the afforestation projects in the southern and eastern areas
have also been reported. BEGUERIA et al. (2003) in an ear-
lier study found the decline in streamflow in central Span-
ish Pyrenee and linked the findings to forest and shrub
cover increase in the previously cultivated area. Subse-
quently, IROUME and ParActos (2013), in central Chile, a
similar Mediterranean environment, detected annual wa-
ter reductions in three river basins where the net increase
in forested areas affected more than 16% of the total
catchment area. These findings were further supported by
the study of EEKHOUT et al. (2020). The authors found that
reforestation in the Mediterranean headwater catchments
contributed to plant water stress and a decline in reser-
voir storage. Furthermore, several modelling studies have
also reported similar findings in consensus with theoreti-
cal, observational, and experimental findings (Table 1). In
summary, available scientific evidence clearly shows that
LULC change in the Mediterranean basin has a potential
impact on the hydrological cycle. Thus, it is conceivable
that the hydrological cycle will continue to witness further
modifications as LULC change increases. Coupled with
climate models projections (GIORGI & LIONELLO, 2008;
CoLLINS et al., 2013; SEAGER et al., 2014), which uniformly
point towards dryness in the coming decades, it is more
likely that tree growth in the basin will be affected. This
will have an impact on the forest’s productivity in an al-
ready water-limited ecosystem.

Carbon storage

The world’s forests store over 650 billion tons of carbon
in various components: 44% in biomass, 45% in soil, and
11% in deadwood and litter (FAO, 2010). Multiple studies
have demonstrated that land-use changes such as agricul-
tural expansion, cropland abandonment, and forest re-
growth are the primary means of carbon transfer between
the land and the atmosphere (HouGHTON et al., 1999;
CASPERSEN ¢t al., 2000; PacaLA et al., 2001; BIRDSEY and
Lewis, 2003; TiaN et al., 2003). The IPCC (2006) report
shows that LULC change is a prominent source of carbon
flux. Likewise, EGGLESTON et al. (2006) and WATSON et
al. (2000) reported that land use activities such as crop
production, urbanization and industrial growth have con-
tributed to about 136 (£55) Gt carbon or 25% of the total
anthropogenic emissions of carbon dioxide (CO,) in the
last 150 years.

The Mediterranean forest ecosystem contrib-
utes immensely to carbon sequestration, which helps reg-
ulate the climate both at the regional and global levels.
It has been estimated to sequester carbon between 0.01
and 1.08 t C ha™! (aboveground and belowground) annu-
ally (CrorTorU and MERLO, 2005). In the Mediterranean
basin, broad studies on the impacts of LULC change on
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Table 1. Changes in the hydrological variables due to LULC change in the Mediterranean Basin

Region Pre-LULC Post-LULC Model Hydrological impact References
Italy Forest/Maquis Deforestation PBRR Streamflow reduction NIEDDA et al. (2014)
(13%)
Turkey Water Irrigation RCM Decrease water yield YiLmAz et al. (2019)
Italy Farm land Reforestation AGWA Reduce water yield Nasta et al. (2017)
abandonment
France Agricultural land Urbanization GR4J Decrease run off Fox et al. (2012)Spain
Land abandonment Afforestation _ Decrease annual aquifer BELLOT et al. (2001)
recharge
Tunisia Watershed Farming (terraces) SWAT Reduce surface runoff KHELIFA et al. (2017)
Spain Watershed Re-vegetation RHESSys Decrease river flows MORAN-TEJEDA et

& SWAT

al. (2015)

PBRR, Physically based rainfall-runoff model; RCM, Regional Climate Model; AGWA, Automated Geospatial Watershed
Assessment; RHESSys, Regional Hydro-ecological Simulation System; SWAT, Soil and Water Analysis Tool.

carbon stock have been carried out in the last few decades
(PADILL A et al., 2010; PARRAS-ALCANTARA et al., 2013;
MuRoz-Roias et al., 2015; FONSECA et al., 2019; MAANAN
et al., 2019). There is good evidence that LULC change
contributes significantly to changes in carbon storage in
the basin. PapiLLA et al. (2010), reported that the conver-
sion of pastures to woodland in the Sierra Nevada, Spain,
accounted for an increase in carbon sequestration above
30,000 t CO, per year. The authors found that holm oak
(Quercus ilex Linnaeus.) and pine forests sequestered the
highest carbon with cereal crops being the lowest.
Similarly, in Morocco, carbon stock increased
from 4.81 Tg C in 1996 to 4.98 Tg C in 2017 due to the
increase of forest and cultivated lands (MAANAN et al.,
2019). Studying the influence of the replacement of the
Quercus pyrenaica species (QP), which represents the
climax vegetation of Serra da Nogueira in Portugal, by
Pseudotsuga menziesii (PM) and Pinus nigra (PN) plan-
tations (fast-growing species), FONSECA et al. (2019) found
that 30 years after the climax vegetation replacement,
carbon gains were recorded in forest species biomass and
forest floor (1.3 Mg C ha™' per year in PN and 4.0 Mg C
ha per year in PM). In Majorca Island, RODRIGUEZ
MARTIN et al. (2019) found a significant increase in soil
organic carbon stock (SOCS) in the agricultural zones on
mountain slopes, associated with abandoned crops in ter-
race cultivation in the last 10 years. An earlier study con-
cluded that the soil organic carbon tends to decline when
converting grasslands, forest or other native ecosystems
to croplands and tends to increase when restoring native
vegetation on former croplands or by restoring organic
soils to their native condition (Guo and GIFFORD, 2002).
In conclusion, while LULC change can have
both positive and negative impact on the carbon stock de-
pending on the type of the post-LULC, quantifying the

due to the large uncertainties attached to the possible in-
teractions with other global change drivers.
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Summary and outlook

On the global scale, LULC change has received much
attention due to its patent impacts on earth processes
such as forest ecosystems. Land-use issues have not only
attracted the attention of researchers but also of urban
planners and environmentalists advocating for sustain-
able land use. In this review, we have assessed the cur-
rent trend of land use and land cover (LULC) change
and its impacts on the Mediterranean forest ecosystem
services. The Mediterranean LULC change is driven by
synergetic factor combinations of urbanization, popula-
tion increase, agricultural land abandonment, and defor-
estation, leading to increased pressure on forest ecosys-
tem services.

A disparity between the northern, southern,
and eastern rims of the Mediterranean is a result of
different degrees of urbanization, industrialization, de-
forestation, and distinct population growth rates. In es-
sence, the Mediterranean forest ecosystem is currently
undergoing profound, sometimes irreversible changes
due to LULC change. Several theoretical, experimental,
modelling, and field studies have reported the potential
impacts of LULC change on biodiversity as well as eco-
system services such as wood and non-wood products,
water resources, and carbon sequestration. Moreover,
there is empirical evidence that LULC change is having
a detrimental effect on saproxylic beetle species which
play an important role in the nutrient cycling process,
posing a significant threat to a nutrient-limiting ecosystem.

To minimise the adverse impacts of human
pressures and sustain ecosystem services, a multi-pur-
pose land use, such as mixed agroforestry systems
should be encouraged as an alternative to monoculture
cropping (barley, beans, olives etc.) and crop pasture
atations (SCHULZ 3 010 n addition. cha ges
to ecosystem services due to land use and land cover
change should be addressed through a transdisciplinary



approach that embraces diversity of points of view and
includes community participation (NOCENTINI et al.,
2022).

In conclusion, although considerable effort has
been made in LULC change research, the understand-
ing of the interactions of LULC change with other glob-
al change drivers in the forest ecosystem system is still
lacking. Further, the direct assessment of LULC change
impacts on wood production in the basin is very rare.
More research is needed in these areas, especially in the
understudied ecosystems (southern and eastern Mediter-
ranean region) threatened by desertification, an evidence
of ecosystem depletion.

Acknowledgement

The authors thank the Intra-Africa ACADEMY project
N0 2017-3052/001-001 of the European Union for support.
We also thank the technicians of the research laboratory
of soil, water and forest management of the University of
Tlemcen for technical support.

References

ANGELINI, P, CompPAGNO, R., ARCANGELI, A., BIsTOCCHI,
G., GARGANO, M., VENANZONI, R., VENTURELLA,
G., 2016. Macrofungal diversity and ecology in two
Mediterranean forest ecosystems. Plant Biosystems
- an International Journal Dealing with all Aspects
of Plant Biology, 150 (3): 540-549. https://doi.org/
10.1080/11263504.2014.987844

ANTROP, M., 2004. Landscape change and the urbaniza-
tion process in Europe. Landscape and Urban
Planning, 67 (1-4): 9-26. https:/doi.org/10.1016/S0169-2046
(03)00026-4

BEGUERIA, S., LOPEZ-MORENO, J.I., LORENTE, A., SEEGER,
M., Garcia-Ruiz, J.M., 2003. Assessing the effect of
climate oscillations and land-usechanges on streamflow
in the Central Spanish Pyrenees. AMBIO: A Journal of
the Human Environment, 32 (4): 283-286. https:/doi.
org/10.1579/0044-7447-32.4.283

BELLOT, J., BONET, A., PENA, J., SANCHEZ, J.R., 2007. Human
impacts on land cover and water balances in a coastal
Mediterranean county. Environmental Management, 39
(3): 412-422. https://doi.org/10.1007/s00267-005-0317-9

BeLLoT, J., BONET, A., SANCHEZ, J., CHIRINO, E., 2001.
Likely effects of land use changes on the runoff and
aquifer recharge in a semiarid landscape using a hydro-
logical model. Landscape and Urban Planning, 55 (1):
41-53.  https://doi.org/10.1016/S0169-2046(01)00118-9

BENABID, A.,2000. Flore et écosystemes du Maroc: Evaluation
et préservation de la biodiversité [Flora and ecosystems
of Morocco: biodiversity assessment and conservation].
Rabat: Librairie et éditions Kalila Wa Dimna. 359 p.

BeNTON, T.G., VICKERY, J.A., WILSON, J.D., 2003. Farmland
biodiversity: is habitat heterogeneity the key? Trends in
Ecology & Evolution, 18 (4): 182—188.

BERRAHMOUNI, N., ESCUTE, X., REGATO, P., STEIN, C., 2007.
Beyond cork: a wealth of resources for people and nature.
Lessons from the Mediterranean. Rome, Italy: WWF
Mediterranean. 114 p.

BESACIER, C., 2013. Strategic framework on Mediterranean
forests. Forét Méditerranéenne, 34: 261-263.

BIRDSEY, R.A., LEwis, G., 2003. Carbon in US forests and
wood products, 1987—-1997: state-by-state estimates.
General Technical Report NE-310. Newtown Square, PA:
US. Department of Agriculture, Forest Service,
Northeastern Research Station. 42 p.

BLEU, P., 2019. State of Mediterranean forests 2018. Roma:
Food and Agriculture Organization of the United Nations;
Marseille: Plan Bleu. 308 p.

Bouzemouri, B., 2007. Problématique de la conservation et du
développement de ’arganeraie [Problems of conser-
vation and development of the argan tree]. In
L'arganier: levier du développement humain du milieu
rural marocain. Colloque international, 27-28 avril
2007, Rabat. Syntheése des Communications, p. 15-19.

Braup, 1., BrReiL, P., THOLLET, F., LAGOoUY, M., BRANGER,
F., JacQUEMINET, C., KERMADI, S., MIcHEL, K., 2013.
Evidence of the impact of urbanization on the hydrologi-
cal regime of a medium-sized periurban catchment in
France. Journal of Hydrology, 485: 5-23. https://doi.
org/10.1016/j.jhydrol.2012.04.049

BROCHIER, F., RAMIER, E., 2001. Climate change impacts on
the Mediterranean coastal zones. SSRN Electronic
Journal. http://dx.doi.org/10.2139/ssrn.277549

CARDINALE, B.J., DUFry, J.E., GoNnzALEZ, A., HOOPER, D.U.,
PERRINGS, C., VENAIL, P., NARWANI, A., MACE, G.M.,
TiLmaN, D., WARDLE, D.A., 2012. Biodiversity loss and
its impact on humanity. Nature, 486 (7401): 59-67.
https://doi.org/10.1038/nature11148

CASPERSEN, J.P., PacaLa, SW., JENKINS, J.C., HUrTT, G. C,,
MOORCROFT, P.R., BIRDSEY, R.A., 2000. Contributions of
land-use history to carbon accumulation in US forests.
Science, 290 (5494): 1148—1151. DOI: 10.1126/science.
290.5494.1148

CeBALLOS, G., EHRLICH, P.R., BARNOSKY, A.D., GARCIA,
A., PRINGLE, R.M., PALMER, T.M., 2015. Accelerated
modern human—induced species losses: entering the sixth
mass extinction. Science Advances, 1 (5): €1400253. DOI:
10.1126/sciadv.1400253

CHARNEY, J., STONE, PH., Quirk, W.J., 1975. Drought in the
Sahara: a biogeophysical feedback mechanism. Science,
187 (4175): 434-435. DOI: 10.1126/science.187.4175.434

CHARROUF, Z., 1998. Valorisation des produits de I’arganier
pour une gestion durable des zones arides du sud-ouest
marocain [ Valorization of the products of the argan tree for
a sustainable management of the arid zones of southwest
Morocco]. In CoLLIN, G., GARNEAU, F. (eds). Actes du
4e colloque Produits naturels d origine végétale. Ottawa
26-29 Mai 1998. Chicoutimi, Québec: Laboratoire d’analyse
et de séparation des essences végétales, Université du
Québec a Chicoutimi, p. 195-209.

COOPER, S.D., LAKE, P.S., SABATER, S., MELACK, J.M., SABO,
J.L., 2013. The effects of land use changes on streams
and rivers in mediterranean climates. Hydrobiologia, 719
(1): 383-425. https://doi.org/10.1007/s10750-012-1333-4

CROITORU, L., 2007a. How much are Mediterranean forests
worth? Forest Policy and Economics, 9 (5): 536-545.
https://doi.org/10.1016/j.forpol.2006.04.001

CROITORU, L., 2007b. Valuing the non-timber forest products
in the Mediterranean region. Ecological Economics, 63
4): 768-775. https://doi.org/10.1016/j.ecolecon.2007.01.014

CROITORU, L., MERLO, M. (eds), 2005. Mediterranean forest
values. In Valuing Mediterranean forests: towards total

67



economic value. Wallingford, Oxfordshire, UK: CABI
Pub., p. 37-68.

DAHLBERG, A., GENNEY, D.R., HEILMANN-CLAUSEN, J., 2010.
Developing a comprehensive strategy for fungal
conservation in Europe: current status and future needs.
Fungal Ecology, 3 (2): 50—64. https://doi.org/10.1016/j.
funeco.2009.10.004

Daiy, G.C., 1997. Nature’s services: societal dependence on
natural ecosystems. Washington, DC: Island Press. 412 p.

De CamarGo, R.X., Currig, D.J., 2015. An empirical
investigation of why species—area relationships
overestimate species losses. Ecology, 96 (5): 1253—
1263. https://doi.org/10.1890/13-2362.1

DiMITRAKOPOULOS, A., 2001. Temporal analysis of forest
fires and burnt forest land during the time period
1955-1999. In Proceedings of the 9th Panhellenic forest
conference Natural environment protection and restoration
of disturbed areas. United Kingdom: Intechopen, p. 85-90.

DonaLD, P, GRrEeN, R., HEaTH, M., 2001. Agricultural
intensification and the collapse of Europe’s farmland bird
populations. Proceedings of the Royal Society of London.
Series B: Biological Sciences, 268 (1462): 25-29. https://
doi.org/10.1098/rspb.2000.1325

EexHouT, J.P.,, Borx-Favos, C., PEREZ-CUTILLAS, P., DE
VENTE, J., 2020. The impact of reservoir construction and
changes in land use and climate on ecosystem services in
a large Mediterranean catchment. Journal of Hydrology:
125208. https://doi.org/10.1016/j.jhydrol.2020.125208

EGGLESTON, S., BUENDIA, L., Miwa, K., NGARA, T., TANABE,
K., 2006. 2006 IPCC guidelines for national greenhouse
gas inventories. Vol. 5: Waste. Hayama, Japan: Institute
for Global Environmental Strategies.

ELBaz, Y., 2016. La valorisation des produits d’arganier
[The wvalorisation of argan products]. Marrackech:
Département de géographie, Faculte des lettres et des
sciences humains de Marrackech, Université Cadi Ayyad.
59p.

Fapy, B., MEDAIL, F., 2004. Temperate and Mediterranean
forests/Mediterranean forest ecosystems. In BURLEY, J.
(ed.). Encyclopedia of forest sciences. Oxford: Elsevier,
p. 1403-1414.

FaLcuccr, A., MAIORANO, L., Bortant, L., 2007. Changes in
land-use/land-cover patterns in Italy and their implica-
tions for biodiversity conservation. Landscape Ecology,
22 (4): 617-631. https://doi.org/10.1007/s10980-006-
9056-4

FAO, 2010. Global forest resources assessment 2010. Rome:
Food and Agriculture Organization of the United Nations.

FAO, 2013. State of Mediterranean forests 2013. Rome:
Food and Agriculture Organization of the United Nations.
173 p.

Faouzi, H., MARTIN, J., , 2014. Soutenabilité de ’arganeraie
marocaine. Entre valorisation de I’huile d’argane et
non-régénération de l’arganier [Sustainability of the
Moroccan argan tree. Between valorisation of argan oil
and non-régénération of the argan tree]. Confins. Revue
Franco-Brésilienne de Géographie/Revista Franco-
Brasilera de Geografia, 20. https://doi.org/10.4000/
confins.8842

FoLEY, J.A., DEFRIES, R., ASNER, G.P., BARFORD, C., BONAN,
G., CARPENTER, S.R., CHAPLIN, S., Cog, M.T., DaAILY,
G.C., GiBBs, H.K., 2005. Global consequences of land
use. Science, 309 (July): 570-574. DOI: 10.1126/science.
1111772

68

Fonseca, F., DE FIGUEIREDO, T., VILELA, A., SanTOs, R.,
DE CARVALHO, A.L., ALMEIDA, E., Nunges, L., 2019.
Impact of tree species replacement on carbon stocks
in a Mediterranean mountain area, NE Portugal. Forest
Ecology and Management, 439: 181-188. https://doi.org/
10.1016/j.foreco.2019.03.002

Fox, D.M., Witz, E., BLaNC, V., SoULIE, C., PENALVER-
Navarro, M., DERVIEUX, A., 2012. A case study of land
cover change (1950-2003) and runoff in a Mediterranean
catchment. Applied Geography, 32 (2): 810—821. https://
doi.org/10.1016/j.apgeog.2011.07.007

Frertas, H., 2006. Land-use/land-cover changes and
biodiversity loss. In VERHEYE, W.H. (ed.). Encyclopedia of
land use, land cover and soil science. Vol. 1: Land cover,
land use and the global change. Encyclopedia of Life
Suport Systems (EOLSS). Unesco-EOLSS Publishers. 8 p.

GARrcia, N, Numa, C., BARTOLOZZI, L., BRUSTEL, H., BUSE,
J., NORBIATO, M., RECALDE, J.I., ZAPATA, J.L., DODELIN,
B., ALCAZAR, E., BARRIOS, V., VERDUGO, A., AUDISIO, P.,
Mico, E., OTero, J. C., BaHILLO, P., VINOLAS, A.,
VALLADARES, L., MENDEZ, M., EL ANTRY, S., GALANTE,
E., 2018. The conservation status and distribution of
Mediterranean saproxylic beetles. Malaga, Spain: IUCN.
https://doi.org/10.2305/IUCN.CH.2018.RA.3.en

GARCIA-VEGA, D., NEWBOLD, T., 2020. Assessing the effects
of land use on biodiversity in the world’s drylands and
Mediterranean  environments.  Biodiversity — and
Conservation, 29 (2): 393—408. https://doi.org/10.1007/
s10531-019-01888-4

Geist, H.J., LamBiN, E.F., 2002. Proximate Causes and
Underlying Driving Forces of Tropical Deforestation:
Tropical forests are disappearing as the result of many
pressures, both local and regional, acting in various
combinations in different geographical locations.
Bioscience, 52 (2): 143-150. https://doi.org/10.1641/
0006-3568(2002)052[0143:PCAUDF]2.0.CO;2

Gerl, F., Awmici, V., RoccHing, D., 2011. Spatially-based
accuracy assessment of forestation prediction in a complex
Mediterranean landscape. Applied Geography, 31 (3):
881-890. https://doi.org/10.1016/j.apgeog.2011.01.019

GERSTNER, K., LEVERS, C., KUEMMERLE, T., VAcLAVIK, T.,
PErREIRA, H. M., SEPPELT, R., 2017. Assessing land-use
effects on European plant diversity using a biome-specific
countryside species—area model. Diversity and Distributions,
23 (10): 1193-1203.https://doi.org/10.1111/ddi.12608

GI0RDANO, F., MARINI, A., 2008. A landscape approach for
detecting and assessing changes in an area prone to
desertification in Sardinia (Italy). International Journal of
Navigation and Observation. https://doi.org/10.1155/2008/
549630

GOUDIE, A.S., 2018. Human impact on the natural environment:
Oxford: John Wiley & Sons, Blackwell. 472 p.

Guo, L.B., GirrorD, R.M., 2002. Soil carbon stocks and
land use change: a meta analysis. Global Change Biology,
8 (4): 345-360. https://doi.org/10.1046/j.1354-1013.2002.
00486.x

GuzHA, A., RuriNo, M.C., OKOTH, S., JACOBS, S., NOBREGA,
R., 2018. Impacts of land use and land cover change on
surface runoff, discharge and low flows: evidence from
East Africa. Journal of Hydrology: Regional Studies, 15:
49-67. https://doi.org/10.1016/j.ejrh.2017.11.005

HARRis, S., 2004. Temperate ecosystems|Alders, Birches and
Willows. In BURLEY, J. (ed.). Encyclopedia of forest
sciences. Oxford: Elsevier, p. 1414-1419.



HickLER, T., VOHLAND, K., FEEHAN, J., MILLER, P. A., SMITH,
B., Costa, L., GIESECKE, T., FRONZEK, S., CARTER, T. R.,
CRAMER, W., 2012. Projecting the future distribution of
European potential natural vegetation zones with a
generalized, tree species-based dynamic vegetation model.
Global Ecology and Biogeography, 21 (1): 50—63. https://
doi.org/10.1111/j.1466-8238.2010.00613.x

HoucGHTON, R.A., BoONE, R., MELILLO, J., PaLm, C.,,
WooDWELL, G., MYERS, N., MoorE III, B., SKOLE, D.,
1985. Net flux of carbon dioxide from tropical forests in
1980. Nature, 316 (6029): 617. https://doi.org/10.1038/
31661720

HouGHTON, R.A., HACKLER, J.L., LAWRENCE, K.T., 1999.
The US carbon budget: contributions from land-use
change. Science, 285 (5427): 574-578. https://doi.org/10.1126/
science.285.5427.574

HunNDORF, S.M., LODGE, D., WANG, C.-J., STOKLAND, J.N.,
2004. Macrofungi on woody substrata. Biodiversity of
fungi: inventory and monitoring methods. Amsterdam:
Elsevier Academic Press, p. 159—-163.

Hurni, H., TaTo, K., ZELEKE, G., 2005. The implications of
changes in population, land use, and land management
for surface runoff in the upper Nile basin area of Ethiopia.
Mountain Research and Development, 25 (2): 147-154.
https://doi.org/10.1659/0276-4741(2005)025[0147:
TIOCIP]2.0.CO;2

IPCC, 2006. Good practice guidance for land use, land-use
change and forestry. IPCC Guidelines for National
Greenhouse Gas Inventories (prepared by the National
Greenhouse Gas Inventories Programme).

IROUME, A., PaLAcItOS, H., 2013. Afforestation and changes
in forest composition affect runoff in large river basins
with pluvial regime and Mediterranean climate, Chile.
Journal of Hydrology, 505: 113-125. https://doi.org/
10.1016/j.jhydrol.2013.09.031

KAREIVA, P., WATTS, S., McDONALD, R., BOUCHER, T., 2007.
Domesticated nature: shaping landscapes and ecosystems
for human welfare. Science, 316 (5833): 1866—-1869.
https://doi.org/10.1126/science.1140170

KHELIFA, W.B., HERMASSI, T., STROHMEIER, S., Zucca, C.,
Z1ADAT, F., BourarouUA, M., HABAIEB, H., 2017. Para-
meterization of the effect of bench terraces on runoff
and sediment yield by SWAT modeling in a small semi-
arid watershed in Northern Tunisia. Land Degradation
& Development, 28 (5): 1568—1578. https://doi.org/10.1002/
1dr.2685

LA MELA VECaA, D.S., CULLOTTA, S., SFERLAZZA, S., MAETZKE,
F.G., 2016. Anthropogenic influences in land use/land
cover changes in Mediterranean forest landscapes in
Sicily. Land, 5 (1): 3. https://doi.org/10.3390/1and 5010003

LamsiN, E.F., Geist, H.J., Lepers, E., 2003. Dynamics of
land-use and land-cover change in tropical regions.
Annual Review of Environment and Resources, 28 (1):
205-241. https:/doi.org/10.1146/annurev.energy.28.050302.
105459

LAVERGNE, S., THUILLER, W., MOLINA, J., DEBUSSCHE, M.,
2005. Environmental and human factors influencing rare
plant local occurrence, extinction and persistence: a 115-
year study in the Mediterra nean region. Journal of
Biogeography, 32 (5): 799-8l11. https://doi.org/10.1111/
j-1365-2699.2005.01207.x

LAVOREL, S., CANADELL, J., RAMBAL, S., TERRADAS, J., 1998.
Mediterranean terrestrial ecosystems: research priorities
on global change effects. Global Ecology & Biogeography

Letters, 7 (3): 157-166. https://doi.org/10.1046/j.1466-
822X.1998.00277.x

LE POLAIN DE WAROUX, Y., LAMBIN, E.F., 2012. Monitoring
degradation in arid and semi-arid forests and woodlands:
the case of the argan woodlands (Morocco). Applied
Geography, 32 (2): 777-786. https://doi.org/10.1016/j.
apgeog.2011.08.005

LIEUTIER, F., MENDEL, Z., FAccoL1, M., 2016. Bark beetles
of Mediterranean conifers. In Insects and diseases of
Mediterranean forest systems. Cham: Springer, p. 105-197.
https://doi.org/10.1007/978-3-319-24744-1

LIEUTIER, F., PAINE, T.D., 2016. Responses of Mediterranean
forest phytophagous insects to climate change. In PAINE,
T., LIEUTIER, F. (eds). Insects and diseases of Mediterranean
forest systems. Cham: Springer, p., 801-858. https://
doi.org/10.1007/978-3-319-24744-1 28

LOPEZ-MORENO, J.I., MORAN-TEJEDA, E., VICENT SERRANO,
S.M., LoreNzO-LAcrUZ, J., GARciA-Ruiz, J.M., 2011.
Impact of climate evolution and land use changes on
water yield in the Ebro basin. Hydrology Earth System
Science, 15: 311-322. https://doi.org/10.5194/hess-15-
311-2011

M’HIRIT, O., BENZYANE, M., BENCHEKROUNE, F., 1998.
L'Arganier: Une espece fruitiere-forestiere a usages
multiples [Argania: a fruit-forestry espeace for multiple
use]. Sprimont, Belgique: Mardaga. 145 p.

MAANAN, M., MaANAN, M., KariM, M., AiT KAacCEMm, H.,
AJRHOUGH, S., RUEFF, H., SNoussi, M., RHINANE, H.,
2019. Modelling the potential impacts of land use/cover
change on terrestrial carbon stocks in north-west Morocco.
International Journal of Sustainable Development &
World Ecology, 26 (6): 560—570. https://doi.org/10.1080/
13504509.2019.1633706

MaTsoN, P.A., PaArTON, W.J., POWER, A.G., SWIFT, M.J,,
1997. Agricultural intensification and ecosystem properties.
Science, 277 (5325): 504-509. https://doi.org/10.1126/
science.277.5325.504

MepaiL, F., Quezer, P, 1997. Hot-spots analysis for
conservation of plant biodiversity in the Mediterranean
Basin. Annals of the Missouri Botanical Garden, 84:
112—127. https://doi.org/10.2307/2399957

MILLENNIUM ECOSYSTEM ASSESSMENT, M., 2005. Ecosystems
and human well-being. Synthesis. Washington, DC:
Island Press. 137 p.

MINETOS, D., 2009. Recent changes in land use in Greece and
their impact on sustainable rural development: a theoretical
and empirical investigation. PhD thesis. University of
Thessaly.

MORAN-TEJEDA, E., ZABALZA, J., RAHMAN, K., GAGO-SILVA,
A., LOPEZ-MORENO, J.I., VICENTE-SERRANO, S., LEHMANN,
A., Tacug, C.L., Beniston, M., 2015. Hydrological
impacts of climate and land-use changes in a mountain
watershed: uncertainty estimation based on model
comparison. Ecohydrology, 8 (8): 1396-1416. https://
doi.org/10.1002/ec0.1590

MOUKAL, A., 2004. L’arganier, Argania spinosa L. (skeels),
usage thérapeutique, cosmétique et alimentaire [The argan
tree, Argania spinosa L. (skeels), therapeutic, cosmetic
and food use]. Phytothérapie, 2 (5): 135—141. https://doi.
org/10.1007/s10298-004-0041-2

MOUNIR, F., JOURRANE, M., SABIR, M., 2015. Analyse basée
télédétection pour la révision de la carte de répartition
des peuplements a arganeraie et comparaison diachronique
de sa dynamique spatio-temporelle [Remote sensing

69



based analysis for the revision of the distribution map of
the argan tree stands and diachronic comparison of its
spatio-temporal dynamics]. In Actes du 3e congres
International de I'Arganier. Agadir, p. 17-19.

MuRNo0z-RoJAS, M., JORDAN, A., ZAVALA, L., DE LA RosA, D.,
ABD-ELMABOD, S., ANAYA-ROMERO, M., 2015. Impact of
land use and land cover changes on organic carbon
stocks in Mediterranean soils (1956-2007). Land
Degradation & Development, 26 (2): 168—-179. https:/
doi.org/10.1002/1dr.2194

MyERs, N., MITTERMEIER, R.A., MITTERMEIER, C.G., Da
Fonseca, G.A., KenT, J., 2000. Biodiversity hotspots
for conservation priorities. Nature, 403 (6772): 853.
https://doi.org/10.1038/35002501

Nasta, P., PaLpLapino, M., UrsiNo, N., SArRAacINO, A.,
SOMMELLA, A., RoMaNO, N., 2017. Assessing long-term
impact of land-use change on hydrological ecosystem
functions ina Mediterranean upland agro-forestry catchment.
Science of the Total Environment, 605: 1070—1082. https:/
doi.org/10.1016/j.scitotenv.2017.06.008

NewsoLDp, T., Hupbson, L.N., Hi., S.L., ContUu, S.,
LYSENKO, I., SENIOR, R. A., BORGER, L., BENNETT, D.J.,
CHOIMES, A., COLLEN, B., 2015. Global effects of land
use on local terrestrial biodiversity. Nature, 520 (7545):
45-50. https://doi.org/10.1038/ nature14324

NIEDDA, M., PIRASTRU, M., CASTELLINI, M., GIADROSSICH, F.,
2014. Simulating the hydrological response of a closed
catchment-lake system to recent climate and land-use
changes in semi-arid Mediterranean environment.
Journal of Hydrology, 517: 732-745. https://doi.org/
10.1016/j.jhydrol.2014.06.008

Nocg, S., SANTINI, M., 2018. Mediterranean forest
ecosystem services and their vulnerability. Project
Madames. Viterbo, Italy. 35 p.

NOCENTINI, S., TRAVAGLINI, D., Muys, B., 2022. Managing
Mediterranean forests for multiple ecosystem services:
research progress and knowledge gaps. Current Forestry
Reports, 8: 229-256. https://doi.org/10.1007/s40725-
022-00167-w

OTTERMAN, J., 1974. Baring high-albedo soils by overgrazing: a
hypothesized desertification mechanism. Science, 186
(4163):  531-533.  https://doi.org/10.1126/science.186.
4163.531

OVERMARS, K., 2006. Linking process and pattern of land
use change: illustrated with a case study in San Mariano,
Isabela, Philippines. PhD thesis. Leiden University,
Leiden, the Netherlands.

Pacara, SW., HURTT, G.C., BAKER, D., PEYLIN, P., HOUGHTON,
R.A., BIRDSEY, R.A., HEATH, L., SUNDQUIST, E.T., STALLARD,
R., Ciais, P., 2001. Consistent land-and atmosphere-based
US carbon sink estimates. Science, 292 (5525): 2316-2320.
https://doi.org/10.1126/science.1057320

PADILLA, F.M., VIDAL, B., SANCHEZ, J., PUGNAIRE, F.I., 2010.
Land-use changes and carbon sequestration through the
twentieth century ina Mediterranean mountain ecosystem:
implications for land management. Journal of Environmental
Management, 91 (12): 2688-2695. https://doi.org/10.1016/
jJjenvman.2010.07.031

PaLaHI, M., MaAvsaRr, R., Gracia, C., Birot, Y., 2008.
Mediterranean forests under focus. International Forestry
Review, 10 (4): 676—688. https://doi.org/10.1505/
ifor.10.4.676

PapanasTasis, V., 2008. Livestock grazing and rangelands. In
Lucinda. Land care in desertification affected areas.

70

From science towards application. Booklets Series: C,
No. 5: 17.

PARRAS-ALCANTARA,L., MARTIN-CARRILLO,M.,L0OZANO-GARCIA,
B., 2013. Impacts of land use change in soil carbon and
nitrogen in a Mediterranean agricultural area (Southern
Spain). Solid Earth, 4 (1): 167. https://doi.org/10.5194/
se-4-167-2013

PEREIRA, HM., BORDA-DE-AGUA, L., MarTINsS, LS., 2012.
Geometry and scale in species—area relationships. Nature,
482 (7386): E3—E4. https://doi.org/10.1038/nature10857

PereirRA, HM., DaiLy, G.C., 2006. Modeling biodiversity
dynamics in countryside landscapes. Ecology, 87 (8):
1877-1885.  https://doi.org/10.1890/0012-9658(2006)87
[1877:MBDICL]2.0.CO;2

Preiss, E., MARTIN, J.-L., DEBUSSCHE, M., 1997. Rural
depopulation and recent landscape changes in a
Mediterranean region: consequences to the breeding
avifauna. Landscape Ecology, 12 (1): 51-61. https://
doi.org/10.1007/BF 02698207

QUEZEL, P., MEDAIL, F., 2003. Ecologie et biographie des
foréts du bassin méditerranéen [Ecology and biography
of Mediterranean forests]. Elsevier, coll. Environnment.
571 p.

QUEZEL, P, ToMASELLL, R., MORANDINI, R., 1977. Mediterranean
forests and maquis: ecology, conservation and management
— (Forests of the Mediterranean basin, degradation of
the Mediterranean maquis, problems of conservation,
management and regeneration of Mediterranean forests:
research priorities). Paris, France: UNESCO.

RamankuTTy, N., FOLEY, J.A., 1999. Estimating historical
changes in global land cover: croplands from 1700 to
1992. Global Biogeochemical Cycles, 13 (4): 997-1027.
https://doi.org/10.1029/1999GB900046

RicHARDS P., 1990. Land transformation. In TURNER, B.L.,
CLARK, W.C., KATES, RW., RICHARDS, J.F., MATHEWS, J.,
MEYER, W.B. The Earth as transformed by human action:
global and regional changes in the biosphere over the
past 300 years. Cambridge, UK: Cambridge University
Press, p. 163-178.

RODRIGUEZ MARTIN, J.A., ALVARO-FUENTES, J., GABRIEL,
J.L., GuTiErrEZ, C., NaNOS, N., ESCUER, M., Ramos-
Miras, J.J., GiL, C., MARTIN-LAMMERDING, D., BOLUDA,
R., 2019. Soil organic carbon stock on the Majorca
Island: temporal change in agricultural soil over the last
10 years. Catena, 181: 104087. https://doi.org/10.1016/j.catena.
2019.104087

RuPRECHT, J., SCHOFIELD, N., 1991. Effects of partial
deforestation on hydrology and salinity in high salt
storage landscapes. I. Extensive block clearing. Journal
of Hydrology, 129 (1-4): 19-38. https://doi.org/10.1016/
0022-1694(91)90042-G

SaGan, C., Toon, O.B., PoLLACK, J.B., 1979. Anthropogenic
albedo changes and the earth’s climate. Science, 206 (4425):
1363—-1368. https://doi.org/10.1126/science.206.4425.1363

SAHIN, V., HALL, M.J., 1996. The effects of afforestation and
deforestationonwateryields.JournalofHydrology, 178 (1-4):
293-309. https://doi.org/10.1016/0022-1694(95)02825-0

Scarascia-MuGNozzA, G., OswarLbp, H., Prussi, P,
RapocgLou, K., 2000. Forests of the Mediterranean
region: gaps in knowledge and research needs. Forest
Ecology and Management, 132 (1): 97-109. https://doi.
org/10.1016/S0378-1127(00)00383-2

SCHROTER, D., CRAMER, W., LEEMANS, R., PRENTICE,
I., ARAUJO, M., ARNELL, N., BONDEAU, A., BUGMANN,



H., CarTER, T., GrACIA, C., 2005. Ecology: ecosystem
service supply and vulnerability to global change in
Europe. Science, 310: 1333—1337. https://doi.org/10.1126/
science.1115233

ScHuLzZ, J. J., CAYUELA, L., ECHEVERRIA, C., SALAS, J., REY
BENAYas, J. M., 2010. Monitoring land cover change of
the dryland forest landscape of Central Chile (1975—
2008). Applied Geography, 30 (3): 436—447. https://doi.
org/10.1016/j.apge0g.2009.12.003

SERRA, P., Pons, X., SAUri, D., 2008. Land-cover and
land-use change in a Mediterranean landscape: a spatial
analysis of driving forces integrating biophysical and
humanfactors.Applied Geography,28(3):189-209.https://
doi.org/10.1016/j.apgeo0g.2008.02.001

SHOSHANY, M., 2000. Satellite remote sensing of natural
Mediterranean vegetation: a review within an ecological
context. Progress in Physical Geography, 24 (2): 153-178.
https://doi.org/10.1177/030913330002400201

SPEIGHT, M.C., 1989. Saproxylic invertebrates and their
conservation. Nature and Environment series, Number 42.
Strasbourg: Council of Europe. 81 p.

STEFFEN, W., BROADGATE, W., DEUTSCH, L., GAFFNEY, O.,
Lubwig, C., 2015. The trajectory of the Anthropocene: the
great acceleration. The Anthropocene Review, 2 (1):
81-98. https://doi.org/10.1177/2053019614564785

StokLAND, J.N., Sutonen, J., JonssoN, B.G., 2012.
Biodiversity in dead wood. Cambridge: Cambridge
University Press.

TayyEBI, A., PuaNnowskl, B. C., PEkin, B. K., 2015. Land
use legacies of the Ohio River Basin: using a spatially
explicit land use change model to assess past and future
impacts on aquatic resources. Applied Geography, 57:
100—111. https://doi.org/10.1016/j.apgeog.2014.12.020

THIEBAULT, S., MoaTTI, J.-P., DUucrocq, V., GAUME, E.,
DuLrac, E., Hamonou, E., SHIN, Y.-J., GUIOT, J., CRAMER,
W., BouLET, G., 2016. The Mediterra nean region under
climate change: a scientific update: abridged English/
French version = La Méditerranée face au changement
climatique: état des lieux de la recherche: version
abrégée bilingue (anglais/francgais). Marseille : IRD
AllEnvi. 133 p. (Syntheses). COP. Convention des Parties
de la Convention Cadre des Nations Unies sur le Changement
climatique, 22, Marrakech (MAR), 2016/11/7-18.

TaOoMAS, W.L., 1956. Man’s role in changing the face of the
Earth. Chicago: The University of Chicago Press, p.
183-215.

THOMPSON, J.D., 2005. Plant evolution in the Mediterranean.
United Kingdom: Oxford University Press. 437 p.

Tian, H., MELILLO, J.M., KICKLIGHTER, D.W., PaN, S., LIu,
J., MCGUIRE, A.D., Moore II1,B., 2003. Regional carbon
dynamics in monsoon Asia and its implications for the
global carbon cycle. Global and Planetary Change, 37
(3-4):  201-217. https://doi.org/10.1016/S0921-8181(02)
00205-9

TUCKER, G., Evans, M., 1997. Habitats for birds in Europe:
a conservation strategy for the wider environment.
BirdLife Conservation Series, 6. Oxford, UK: Birdlife
International. 464 p.

ViE, J.-C., HILTON-TAYLOR, C., STUART, S.N., 2009. Wildlife
in a changing world: an analysis of the 2008 IUCN Red
list of threatened species. Gland, Switzerland: TUCN.
180 p.

Vi1zzARRI, M., SALLUSTIO, L., TRAVAGLINI, D., BOTTALICO,
F., CHricl, G., GARFI, V., LAFORTEZZA, R., LA MELA
VEca, D.S., LomBARDI, F., MAETZKE, F., 2017. The
MIMOSE approach to support sustainable forest
management planning at regional scale in Mediterranean
contexts. Sustainability, 9 (2): 316. https:/doi.org/10.3390/
su9020316

WATSON, R.T., NoBLE, I.R., BOLIN, B., RAVINDRANATH, N.,
VERARDO, D.J., DOKKEN, D.J., 2000. Land use, land-use
change and forestry: a special report of the Intergovern-
mental Panel on Climate Change. Cambridge: Cambridge
University Press. 388 p.

WiLLiams, M., 2000. Dark ages and dark areas: global
deforestation in the deep past. Journal of Historical
Geography, 26 (1): 28-46. https://doi.org/10.1006/
jhge.1999.0189

WooDWELL, G. M., HoBBIE, J., HouGHTON, R., MELILLO, J.,
MOoORE, B., PETERSON, B., SHAVER, G., 1983. Global
deforestation: contribution to atmospheric carbon dioxide.
Science, 222 (4628): 1081-1086. https://doi.org/10.1126/
science.222.4628.1081

WWE, 2004. (Programme de sauvegarde des sous-espaces
(Fonds mondial pour la nature). Programme Méditerranéen
[Programme for the safeguarding of sub-areas (World
Wide Fund for Nature). Mediterranean Programme)].

YiLmaz, Y.A., SEN, O.L., TuruNcoGLu, U.U., 2019.
Modeling the hydroclimatic effects of local land use and
land cover changes on the water budget in the upper
Euphrates—Tigris basin. Journal of Hydrology, 576:
596—609. https://doi.org/10.1016/j.jhydrol.2019.06.074

Received July 9, 2022
Accepted November 16, 2022

71



