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Foreword

from the IUCN Director General

Agriculture and biodiversity are fundamentally inter-
connected, shaping the landscapes that sustain life
on Earth. For millennia, agricultural practices have
provided food, livelihoods, and cultural heritage while
coexisting with the natural world. Today, however,
this relationship is under immense pressure. Unsus-
tainable agricultural expansion and intensification are
among the primary drivers of biodiversity loss, threat-
ening ecosystems, species, and the very services
that underpin food production and human well-being.

This report comes at a pivotal moment. It under-
scores the urgent need to transform agriculture into
a force for biodiversity conservation. By presenting
evidence-based solutions, such as agroecology, di-
versified farming systems, and sustainable land man-
agement, it shows that agriculture can be part of the
solution to the biodiversity crisis. Importantly, this
transformation is not just an environmental imperative
but also an economic and social opportunity - one
that builds resilient ecosystems, enhances food se-
curity, and supports local communities and cultures.

Vil |

The cattle egret (Bubulcus ibis)
is known for often associating
with large grazing mammals,
including domesticated livestock,
and is typically found in open
grassy areas, such as meadows
and livestock pastures (BirdLife
International, 2019). The species
is listed as Least Concern
globally, and is pictured here
alongside a grazing cow in
Dofana National Park, Spain.

© “cow and egret” by Calvin Smith
is licensed under CC BY 2.0.

The findings and recommendations in this publica-
tion resonate with global goals, particularly the Kun-
ming-Montreal Global Biodiversity Framework, which
calls for halting species extinction, restoring ecosys-
tems, and promoting sustainable production sys-
tems. Achieving these ambitions requires bold, col-
laborative action that unites policymakers, farmers,
researchers, and conservationists.

This report serves as a valuable resource for IUCN
Members and partners in the Mediterranean and be-
yond. It offers pathways to address the challenges of
biodiversity loss in agricultural landscapes while rec-
ognising the diversity of contexts and solutions need-
ed to achieve balance. By aligning agriculture with the
needs of nature, we can ensure a future in which both
biodiversity and human well-being flourish together.

| encourage stakeholders around the world to use the
insights in this report to drive forward the transforma-
tive change our planet so urgently needs. Together,
we can foster a new relationship between agriculture
and biodiversity - one that ensures a sustainable,
thriving future for generations to come.

Dr Grethel Aguilar
IUCN DIRECTOR GENERAL
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from the Director of the [IUCN Centre for Mediterranean Cooperation

The Mediterranean basin stands as one of the most
significant regions for biodiversity and cultural her-
itage worldwide. It is a global biodiversity hotspot,
home to an extraordinary variety of ecosystems and
species, many of which are endemic. For thousands
of years, this region has also been shaped by agri-
culture, an integral part of its history, economy, and
identity. Yet, today, the Mediterranean faces signifi-
cant challenges: balancing the need to sustain hu-
man livelihoods through agriculture while preserving
its unique biodiversity.

This report, Biodiversity and agriculture in the Med-
iterranean region: A species conservation perspec-
tive, is a timely and essential contribution to address-
ing this balance. It highlights both the threats posed
by unsustainable agricultural practices and the op-
portunities for agriculture to be a critical partner in
conservation. By examining species extinction risks,
identifying priority areas for intervention, and propos-
ing practical, science-based solutions, this publica-
tion demonstrates how agriculture and biodiversity
can not only coexist, but thrive together.

Agroforestry system
featuring olive trees near
Ghar El Melh in Tunisia

© “photos de la

ferme a 'été 2015"

by Citizen59 is licensed
under CC BY-SA 2.0.

The findings of this report contribute to the Con-
vention on Biological Diversity (CBD) and its Kun-
ming-Montreal Global Biodiversity Framework, sup-
porting global and regional efforts to conserve and
sustainably manage biodiversity. Furthermore, we
hope that this work will assist IUCN Members and
their partners across the Mediterranean in better
understanding the biodiversity and complexity of its
unique landscapes, enabling them to address threats
in a targeted and effective manner.

| commend the authors, contributors, and collabo-
rators who made this report possible. It serves as
a valuable resource for policymakers, practitioners,
and stakeholders, offering pathways to ensure that
agriculture and biodiversity conservation can thrive
together for the benefit of nature and people alike.

Maher Mahjoub
DIRECTOR, IUCN CENTRE FOR
MEDITERRANEAN COOPERATION
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Agriculture in the Mediterranean both

relies on and helps to support a wide
range of ecosystem services provided
b by biodiversity, including pollination.

© “Bee on colza” by stanze is
licensed under CC BY-SA 2.0.

tive
ry

The Mediterranean basin is a global biodiversity
hotspot, home to a unique variety of ecosystems and
species, where people have shaped the landscape
for millennia. However, unsustainable agricultural
practices have become one of the most significant
threats to biodiversity in this region, driving habitat
loss and species extinction.

This report, Biodiversity and agriculture in the Med-
iterranean region: A species conservation perspec-
tive, is designed to inform policymakers, conservation
practitioners, and stakeholders across the Mediter-
ranean region. Its purpose is to highlight the current
challenges posed to biodiversity by intensive agricul-
tural pressures, while identifying solutions and op-
portunities to reconcile biodiversity conservation and
sustainable agriculture. It acknowledges that while
certain unsustainable agricultural activities pose a
key threat to species conservation in the Mediterra-
nean, agricultural landscapes also provide habitat to
numerous species - so considering agriculture as a
threat requires a more nuanced approach, given its
inherent linkages to nature.

The thesis of this report is that not all agricultural
practices are negative for biodiversity conservation.
For example, sustainable grazing systems, partic-
ularly in traditional pastoral landscapes, as well as
agroecological approaches, can play a critical role
in maintaining biodiversity and ecosystem functions.
In addition, some species have adapted to certain
types of agricultural practices and their resulting
landscapes, on which they now depend. Finally, the
Mediterranean is also a global hotspot for Crop Wild

Relatives, wild plant taxa closely related to crops,
which are key for the long-term sustainability of agri-
cultural production and food security, and are again
intimately linked to agricultural practices.

By presenting scientific assessments and recom-
mendations, this report contributes to international
frameworks, including the Kunming-Montreal Global
Biodiversity Framework, and supports IUCN Mem-
bers and partners in understanding and addressing
the complex interactions between species conserva-
tion and agricultural practices.

Conclusions _
and Recommendations

In the Mediterranean, agriculture is both a threat
and an opportunity for biodiversity. Certain agricul-
tural practices, such as unsustainable overgrazing
and overreliance on chemical fertilisers and pesti-
cides, threaten species and habitats, while sustain-
able agricultural approaches, such as agroecology,
crop diversification and sustainable grazing through
traditional pastoral systems, can support biodiversity
conservation and ecosystem services, including pre-
serving the diversity of Crop Wild Relatives. Thus, the
way in which agricultural practices are implemented
is key to species conservation in the Mediterranean.
For example, grazing, when managed at sustainable
levels, can promote habitat diversity and maintain
open ecosystems that are beneficial for pollinators
and other species dependent on grassland habitats.
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This report finds that one in four (26%) of species as-
sessed on the IUCN Red List of Threatened Species™
in the Mediterranean are threatened with extinction
(Chapter 2). Freshwater species face the highest risk,
with 50% threatened. Similarly, 38% of assessed Crop
Wild Relatives, critical for food security, are also at
risk of extinction. According to species assessments
on the Red List, which follow the fixed IUCN Threats
Classification Scheme, the top three threats to terres-
trial species in the Mediterranean are agricultural and
aquaculture activities, biological resource use, and
natural system modifications. On the other hand, the
top three threats to freshwater species are pollution,
natural system modifications, and biological resource
use. At least 28% of all Mediterranean species as-
sessed on the Red List, and 38% of all threatened
species in the region, are considered to be threatened
by unsustainable agricultural practices. In the Medi-
terranean, the land system type with the largest over-
laps with species distributions is Agro-silvo-pastoral
mosaic, followed by Open and bare grazing (Chapter
2). Moreover, for 18% of species included in this study,
agricultural habitats were identified as suitable, and
for 2%, agricultural lands are considered to be habi-
tats of major importance (Chapter 2).

Priority large-scale areas for action to mitigate threats
related to agricultural practices have been identified
through the Species Threat Abatement and Resto-
ration (STAR) metric (Chapter 3). The results reveal
hotspots where agricultural threats could be mitigat-
ed through sustainable practices, including southern
Spain, Greece, Turkiye, and parts of North Africa.

Regarding best practices, agroecology offers a path
forward: practices such as agroforestry, diversified
cropping, and sustainable grazing can enhance bio-
diversity while maintaining agricultural productivi-
ty (Chapter 4). Policy frameworks like the European
Union’s (EU) Common Agricultural Policy must sup-
port these approaches (Chapter 5).

%

KEY MESSAGES

Agriculture affects biodiversity,
but it can also be part of the solution

While agriculture is confirmed as a major
threat to species in the Mediterranean, some
species depend on agricultural landscapes.
Sustainable agricultural practices can reduce
threats to species while supporting food pro-
duction and ecosystem resilience and, through
certain agricultural practices, biodiversity can
be maintained and even enhanced.

s 2 Immediate action is heeded

to prevent species extinction
in the Mediterranean

One in four species in the Mediterranean is
at risk of extinction, with freshwater species
and Crop Wild Relatives being particularly
threatened.

3 Strategic investments in high-risk
areas can yield significant
conservation gains

Targeted threat abatement actions in regions
where unsustainable agricultural practices
are a major threat to species can significant-
ly reduce species extinction risks.

4 Agroecology provides practical,
scalable solutions for biodiversity
and agriculture to coexist

Policies and practices that promote crop di-
versification, sustainable grazing and agro-
forestry are key to achieving a sustainable
balance between agriculture and species
conservation. In certain places, this shift to-
wards a more sustainable agri-food system
may require a considerable transformation
in the food market and consumer attitudes.
However, the widespread and longstanding
use of sustainable, traditional agricultural
practices in the Mediterranean offers a basis
for the upscaling of agroecological principles,
if such practices and knowledge systems can
be effectively conserved and promoted.
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1

Introduction

1]

Summary: The Mediterranean basin is a global biodiversity hotspot as well as one of the most modified regions
in the world, as a result of thousands of years of human habitation. The biodiversity found in this region today
has been shaped by that interaction. Agriculture has been a fundamental pillar of Mediterranean civilisations,
but has also been a driver of significant biodiversity loss, especially in more recent decades. Crop Wild Rela-
tives play an important role in this interaction, and are key for both conservation and the future of agricultural
development. The main purpose of this report is to explore the complex relationship between agriculture and
biodiversity in the Mediterranean basin through the lens of species conservation, and to identify the contexts
under which agriculture has been and can be an ally for conservation.

1.1. Context and rationale

The biodiversity
of the Mediterranean region

The Mediterranean basin stretches approximately
3,800 km from the tip of Portugal in the west to the
shores of Lebanon in the east, and approximately
1,000 km from ltaly in the north to Morocco and Lib-
ya in the south. It includes 23 states spread across
three continents, historically connected by a com-

. - o
5.%;%% S

mon sea (Figure 1.1; CEPF, 2017). The region offers
a diversity of landscapes, including high mountains,
rocky shores, scrubland, semi-arid steppes, coastal
wetlands, sandy beaches and a myriad of islands of
various shapes and sizes. The region is one of the
world’s richest places in terms of animal and plant di-
versity, with an exceptionally high level of endemism
(Myers et al., 2000). About one-third of the outstand-
ing biodiversity of the Mediterranean region consists
of endemic species, including 60% of its freshwater

Sources: FAD (2015) and Flanders Marine Institute
(2023).

0 250 500 1,000 Kilometers
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assessment area

Figure 1.1. Geographical scope of this assessment adapted from the
Mediterranean biodiversity hotspot as defined by Mittermeier et al. (2004)



mollusc species, almost half of its amphibians and
freshwater fishes, 41% of its reptiles, 21% of its but-
terflies, 13% of its dragonflies, 12% of its mammals
and 2% of birds inhabiting the region (CEPF, 2017).
The Mediterranean’s rich biodiversity includes around
25,000 plant species, more than half of which are en-
demic to the region (Zohary & Hopf, 1993). In agricul-
tural landscapes, the variety of life includes plants,
vertebrates, invertebrates, fungi and algae among
many other soil organisms and microorganisms — all
essential for supporting ecosystem services and the
health of those landscapes.

The Mediterranean is also one of the most intensely
modified regions in the world. Its landscapes are a
direct result of millennia of anthropogenic activities,
such as forest fires, clearance, livestock grazing and
cultivation (Zeder, 2008; Sundseth, 2009). These
include long-term traditional agricultural practices
which have gradually adapted to local contexts, as
well as large-scale industrial approaches encouraged
during the Green Revolution of the mid-20" century
(Benton et al., 2021).
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Agriculture in the Mediterranean region

Agriculture has been one of the key historical pillars
of Mediterranean civilisations. The Mediterranean re-
gion is the historic homeland that gave rise to the ori-
gin of agriculture and associated civilisations, and still
today its Eastern element includes the Fertile Cres-
cent (from the Persian Gulf to the Mediterranean Sea,
including parts of modern-day Iraqg, Syria, Lebanon,
Israel, Palestine, Jordan, and parts of Turkiye and
Iran), which holds a unique global concentration of
cultivated and wild progenitor agricultural diversity, or
Crop Wild Relatives (CWR) (Box 1.1; Zohary & Hopf,
1993). As one of the oldest basins of agricultural de-
velopment, the region has experienced a complex
interaction between natural and human-managed
landscapes, leading to both positive and negative im-
pacts on biodiversity.

Agriculture and the domestication of animals and
plants has transformed biodiversity, especially in the
Mediterranean region, shaping ecosystems, econo-
mies and societies. In addition, natural disturbanc-
es such as fire and grazing have played a key role
in shaping Mediterranean biodiversity, contributing

Agricultural landscape in the region of Axarquia, Andalusia, Spain. © Faye Weaver




to habitat heterogeneity and preventing woody en-
croachment (Bond, 2019; Pausas & Bond, 2020).

Although the management of plants in the Mediter-
ranean is believed to have begun as late as 12,000
years before present (B.P.), evidence of agricultural
economies reliant on a mix of domesticated crops
and livestock does not appear until 9,500-9,000
B.P. (Zeder, 2008). Nevertheless, human expansion
supported by agricultural economies over the past
10,000 years has brought important environmen-
tal impacts for Mediterranean biodiversity, including
both losses and opportunities (CEPF, 2017), and the
biodiversity found in the region is a direct result of
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those interactions. Today, the Mediterranean region
is dominated by agricultural landscapes (Figure 1.2),
which cover at least 82% of its land surface (Malek
& Verburg, 2017) (see Chapter 2 for more details), in-
cluding different types of agricultural systems: both
intensive and extensive. Depending on their level of
intensity, agricultural systems affect biodiversity and
ecosystem functions to a greater or lesser degree
(see Chapter 4 for more details about how agriculture
impacts biodiversity and ecosystem services).

Agricultural systems
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Figure 1.2. Map of agricultural systems in the Mediterranean. Source: Malek and Verburg (2017). For more details on

how this map was developed see Section 2.5.2.
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BOX 1.1. Crop Wild Relatives in the Mediterranean

The Mediterranean basin holds a key role in ensuring
global food security in the face of climate change, which
is critical for future human survival (Maxted et al., 2024).
One potential solution is to use new climate-smart crop
varieties created using the breadth of diversity inherent in
CWR (Maxted et al., 2024): wild plant taxa closely related
to crops that are relatively easily introgressed with crops
to engender crop resilience (Maxted et al.,, 2006). CWR
are defined by how readily their traits can be transferred
to the related crops and have been increasingly used in
plant breeding since the early 20" century to improve the
characteristics of crops regarding resistance to pests and
diseases, tolerance to environmental conditions, improved
nutritional value and the colour and texture of food (Hajjar
& Hodgkin, 2007; Maxted et al., 2007).

Despite their economic value, CWR are threatened, with
16-35% of these species at risk of extinction in Europe (Bilz
et al., 2011) and Meso-America, and a significantly high-
er percentage suffering genetic erosion. Additionally, they
are under-conserved: 95% requiring additional ex situ col-

Crocus hartmannianus, a crop wild relative endemic to Cyprus, is
classified as Vulnerable (VU) at the Global, Europe & Mediterranean scale
on the IUCN Red List (Bilz, 2011). © “Crocus hartmannianus” by Oron Peri

is licensed under CC BY-NC-ND 4.0.

lections (Castafeda-Alvarez et al., 2016) and less than 1%
actively conserved in situ (Maxted & Magos Brehm, 2023).
They also often grow naturally in disturbed habitats lacking
standard conservation measures. The urgent requirement
for CWR use in crop breeding (Tanksley & McCouch, 1997)
and active CWR conservation is widely recognised in the
global policy context (e.g., the Convention on Biological
Diversity (CBD), the United Nations (UN) Sustainable De-
velopment Goals, the Food and Agriculture Organization of
the United Nations (FAO) Second Global Plan of Action of
Plant Genetic Resources and the FAO Framework for Ac-
tion on Biodiversity for Food and Agriculture) and breeders
highlight that lack of CWR diversity is unnecessarily limiting
crop improvement (Dempewolf et al., 2017).

CWR are not spread evenly across the globe; they are fo-
cused in hotspots, with the richest region for CWR diversity
being in West Asia and North Africa (WANA) (Vincent et al.,
2013). This region has about 40% of global priority taxa as
well as the top 17 countries with the highest numbers of
CWR taxa per unit area (Maxted et al., 2024). Specifically,
the Mediterreanen basin is home to priority CWR of cere-
als (Vavilov, 1926). Therefore, improved active conservation
of CWR in the Mediterranean region is not only a regional
priority but a critical global imperative to support the well-
being and future of humankind, through for example, food
security (see Figure 1.3 for examples).

Given the importance of CWR for agriculture and biodiver-
sity, throughout this report there are several boxes opening
a window into CWR conservation status, threats, and hab-
itats in the Mediterranean.

Figure 1.3. (a) Wheat CWR Aegilops triuncialis L. growing
on a field margin in Meghri, Armenia © N. Maxted;

(b) First genetic reserve established for CWR in situ
conservation in Latakia province, Syria in 2016 © N. Maxted


https://www.inaturalist.org/photos/114537233
https://www.inaturalist.org/users/3654899
http://creativecommons.org/licenses/by-nc-nd/4.0/?ref=openverse

=

Intensive orchard monoculture on the Saiss Plain, Morocco. © “Intensive orchard farm, Saiss Plain, Morocco” by Water Alternatives Photos/Florence

Malerbe is licensed under CC BY-NC 2.0.

Agricultural landscapes
and biodiversity conservation

Agricultural development has been widely document-
ed as the major threat to species conservation (Ben-
ton et al., 2021). However, labelling all agriculture as a
threat is an oversimplification - not all agriculture is a
threat to biodiversity. For instance, the maintenance of
CWR diversity is largely associated with disturbed ag-
ricultural habitats and their margins (Jarvis et al., 2015).

Humankind could not exist without agriculture and
its food production to sustain our livelihoods. Agricul-
ture is needed to provide many essential resources
on which human societies depend, including, but not
limited to, food, spices, clothes, materials, and medi-
cine. In addition to being the means of subsistence for
billions of people around the planet, agriculture is also
an important part of the cultural identity and heritage
of indigenous peoples and local communities (FAO,
2022). Consequently, agri-food systems and nature
conservation need to find ways to harmonise: produc-
ing agricultural products in ways that are less harmful
to the environment while still meeting people’s needs.

From a conservation perspective, agricultural biodi-
versity is also a fundamental part of conserving the
benefits people obtain from nature, as exemplified by
CWR diversity (Box 1.1), for which the Mediterranean
basin is a global hotspot (Maxted & Vincent, 2021;
Sajeev et al., 2023). Throughout this report, the con-
servation status, threats, and habitats of a subset of
CWRs assessed for the Mediterranean is explored,
through the CWR focus theme.

This report also introduces the concept of agroecol-
ogy as one approach that can shape agricultural
landscapes while supporting biodiversity conserva-
tion (Box 1.2), which is explored further in Chapter
4. Agroecology has been recognised for such role in
previous years and is gaining momentum in global
and national discussion on policy and funding. Exam-
ples include recognition in EU policy (European Com-
mission, 2023), the FAO's Agroecology Knowledge
Hub (FAO, 2024), and the CBD’s Global Biodiversity
Outlook, which states that the sustainable agriculture
transition should include *...redesigning agricultural
systems through agroecological and other innovative
approaches to enhance productivity while minimising
negative impacts on biodiversity” (CBD, 2020; p. 20).



https://knowledge4policy.ec.europa.eu/global-food-nutrition-security/topic/agroecology/navigation-page/eu-action-agroecology/eu-policies-agroecology_en
https://www.fao.org/agroecology/home/en/
https://www.fao.org/agroecology/home/en/
https://www.cbd.int/gbo
https://www.cbd.int/gbo
https://www.flickr.com/photos/143925215@N04/48773958417
https://www.flickr.com/photos/143925215@N04
https://creativecommons.org/licenses/by-nc/2.0/?ref=openverse
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BOX 1.2. Defining agroecology

In Europe and the United States of America, the term
agroecology was first used in scientific publications
in the late 1920s, when scientists started to combine
principles from ecology and agronomy to better un-
derstand different agricultural systems. However, de-
spite gaining momentum in the Global North in recent
decades, the concept has roots in campesino and
social movements and has long been championed by
the Global South (Declaration of the International Fo-
rum for Agroecology, 2015).

Today, agroecology is a multifaceted and complex
term. It takes a holistic and sustainable approach to
solving one of the major problems faced by humanity:
feeding a growing population while conserving natu-
ral resources (Biovision, 2019). Agroecology is mainly
about applying ecological concepts, principles, and
knowledge to agricultural production, rather than re-
lying on external inputs. It combines local and scien-
tific knowledge and considers the long-term impacts
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of farming systems. It is a principles-based approach
to agricultural development that has been defined
in various ways since the first principles were pro-
posed by Altieri in 1995 and updated in 2016 (Nicholls
Nicholls et al., 2016). In 2019, the High-Level Panel
of Experts on Food Security and Nutrition (HLPE), a
science-policy interface of the UN FAO Committee on
World Food Security (CFS), published the 13 Prin-
ciples of Agroecology. These are grouped under
three operational principles: strengthening resilience,
securing social equity, and improving resource effi-
ciency. Under these, 13 principles, shown in Figure
1.4, underpin the agro-ecological approach (Figure
1.4). In addition to these, several other frameworks
on agroecology have been developed, including the
FAO's 10 Elements of Agroecology (FAO, 2018). How
agroecology can support biodiversity conservation is
further explored in Chapter 4.
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Figure 1.4. The 13 HLPE Principles of Agroecology. © Biovision. An interactive tool is available here.


https://www.agroecology-pool.org/?da_image=136

Old vineyard in the Marmara Region of western Turkiye. © “Gulfem Késeodlu Vineyard” by Can Kiris is licensed under CC BY-SA 4.0.

1.2. Purpose of this report,
target audience and objectives

The main purpose of this report is to explore the
complex relationship between agriculture and
biodiversity in the Mediterranean basin through
the lens of species conservation, and to identify the
practices through which agriculture has been or can be
an ally for conservation. The geographical scope is the
Mediterranean region according to the Mediterranean
Basin Biodiversity Hotspot (Mittermeier et al., 2004)
(Figure 1.1), with the exception of the Macaronesian is-
lands, which have not been included in this study.

This report is targeted to policy makers in the
Mediterranean region. Its aim is to inform the im-
plementation of current agricultural policies and the
formulation of new ones, and to ensure that these
consider both the risks and opportunities that agri-
cultural practices can pose to biodiversity, as well as
the benefits they provide to people.

The report starts with Chapter 2, where a dataset of
4,409 Mediterranean species assessed on the [UCN
Red List of Threatened Species is described. This data-
set possibly represents only around 2% of the known

species in the Mediterranean (CEPF, 2017). However,
it is the most comprehensive compilation of species
assessments for the Mediterranean to date and sum-
marises over a decade of assessment work aimed at
understanding and determining species extinction risk
in the region. Chapter 2 also uses this dataset to ex-
plore the role of agriculture as a threat or a habitat for
many of these species, and the nuances of making
these associations. Strategies to mitigate and reduce
threats to species from agriculture, and solutions to
reconcile agriculture and biodiversity conservation, are
discussed in Chapters 3 and 4. Chapter 3 presents the
calculation of the first Species Threat Abatement and
Restoration (STAR) metric focused on the abatement
of agricultural threats in the region. Chapter 4 provides
an overview of agroecology as a key approach that
can support more sustainable and inclusive agricultur-
al systems. It does this by introducing key concepts,
principles, frameworks, and approaches of agroecolo-
gy. The final Chapter builds on from the previous ones,
putting forward policy recommendations to develop
agriculture in the Mediterranean region in a way that
can support species conservation while sustaining
food production and local people’s livelihoods.


https://commons.wikimedia.org/w/index.php?curid=134551764
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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2

Over a decade of IUCN Red
List species assessments
In the Mediterranean

Summary: We compiled a subset of 4,409 species that have over 75% of their distributional range within the
Mediterranean region and summarised their conservation status, patterns of distribution, major threats and
major habitats. We found that one quarter (26%) of these species are at risk of extinction. The three top habitats
for terrestrial species are shrubland, forest and grasslands, accounting for 66% of all major habitats recorded.
Unsustainable practices in agriculture and aquaculture, biological resource use and natural system modifica-
tions are the major threats to Mediterranean species. Other notable threats include invasive species, pollution,
and residential and commercial development. We then selected a subset of species assessments with enough
information to further examine key threats and habitats, and assess the spatial overlap between the species
distributions and a classification of land system types in the Mediterranean. We show that 38% of the Mediterra-
nean’s land surface is covered by Croplands, 23% by Agro-silvo-Pastoral Systems and 10% by Open and Bare
Grazing. 76% of the species distribution ranges overlap with the land use systems of Agro-silvo-pastoral mosaic
(83% of species), Open and bare grazing (24%), and Croplands (20%). Agricultural habitats were identified as
suitable for 18% of these species, and for 2%, agricultural lands are habitats of major importance.

Criteria are applied to individual taxon assessments
- which contain information on aspects such as ecol-
ogy and life history, distribution, habitat preferences,
threats, current population trends and conservation
measures - to determine their relative threat of extinc-
tion (Figure 2.1). Taxa in Categories Extinct (EX) and
Extinct in the Wild (EW) correspond to taxa that have
disappeared at the global level or in their natural hab-
itat, respectively. Threatened species are those listed
as Critically Endangered (CR), Endangered (EN) or
Vulnerable (VU). Taxa that are either close to meeting
the threatened thresholds or would be threatened if

2.1. Introduction

This Chapter reviews The IUCN Red List of Threat-
ened Species™ assessments completed for the Med-
iterranean region over the past decades and further
explores the information reported in a subset of ter-
restrial species assessments, in order to understand
the role that agriculture plays in threatening or sup-
porting their conservation.

2.2. The IUCN Red List

of Threatened Species™

The IUCN Red List of Threatened Species™ (Red
List) is widely recognised as the most comprehen-
sive, scientifically based source of information on the
global conservation status of plant, fungi and animal
species (IUCN, 2001). IUCN Red List Categories and

it were not for ongoing conservation programmes are
classified as Near Threatened (NT). Taxa evaluated
as having a relatively low risk of extinction are clas-
sified as Least Concern (LC). Also highlighted within
the Red List are taxa that cannot be evaluated due to
insufficient knowledge, which are therefore assessed



as Data Deficient (DD). This Category does not nec-
essarily mean that the species is not threatened, only
that its risk of extinction cannot be assessed from
the currently available data (IUCN Standards and Pe-
titions Committee, 2024).

Eligible for Regional
Assessment

M e 1
|
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Figure 2.1. IUCN Red List Categories © IUCN

2.3. The IUCN Red
List Mediterranean
assessment initiative

In addition to a global assessment, the extinction risk
of species can also be assessed at a national or re-
gional level. For example, a given species could be
simultaneously Least Concern (LC) at a global level,
Endangered (EN) within Europe, and Critically Endan-
gered (CR) in a European country when the Red List
Criteria are applied, depending on the status of their
populations in each of those geographical scopes.
However, an endemic species should have the same
Category at both regional and global level, as it is not
present in any other part of the world. The guidelines
for the application of IUCN Red List Criteria at the
regional and national level (IUCN, 2012) are applied
to avoid any over- or underestimation of the regional
extinction risk of a species.

The Mediterranean Red List of Species is a compelling
review of the conservation status of species at the re-
gional level, identifying those that are threatened with
extinction and the main threats they are facing. Thus,
it is a powerful tool to lead, prioritise and monitor con-
servation action within the Mediterranean region.

The red-footed falcon (Falco vespertinus) is Critically Endangered CR) at
the Mediterranean scale. It typically occurs in open lowland areas with
trees and a plentiful supply of insects, including agricultural land with
tall trees or hedgerows. The species is severely threatened by habitat
loss due to unsustainable agricultural expansion, as well as reduced prey
availability due to pesticide use (Westrip & BirdLife International, 2022).

© “Red-footed Falcon - near Parma - Italy CD5A5815 (51172727168)"
by Erancesco Veronesi from lItaly is licensed under CC BY-SA 2.0.



https://www.iucnredlist.org/regions/mediterranean-red-list
https://commons.wikimedia.org/w/index.php?curid=110062992
https://www.flickr.com/people/30818542@N04
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse

2.4. Species distributions
and agriculture

The impact of agricultural practices on species heav-
ily depends on the specific agricultural practices and
traditions where those species used to exist or are
still present (see Chapters 1 and 4). It is important
to understand which types of agricultural practices
have the most significant impacts on species, so
that actions to avoid or manage those impacts can
be put in place. For example, while “overgrazing” has
widely been considered a threat to biodiversity, a
more nuanced approach is required, especially in the
Mediterranean region, where grazing has historically
shaped the ecosystems and land uses that are still
characteristic of the region today (Perevolotsky & Se-
ligman, 1998; Caballero et al., 2011). Well-managed
extensive livestock systems contribute to ecosystem
stability by maintaining species-rich grasslands, facil-
itating seed dispersal and preventing the overgrowth
of shrubs that can alter Mediterranean ecosystems
(Maestre et al., 2022), fire severity and rate of propa-
gation (Lecomte et al., 2024).
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Conversely, especially in the Mediterranean, many
species which have coexisted with human activities
for thousands of years may have colonised or used
other habitats in addition to their natural habitats. The
main questions here are: to what extent do terrestri-
al species in the Mediterranean use artificial habitats
in general, and agricultural habitats in particular? For
example, when specifically addressing CWR diversi-
ty, it is well established that priority CWR are almost
always associated with disturbed anthropogenic
habitats (Jarvis et al., 2015).

In Sections 2.6.6-2.6.8, we explore the answers to
these questions. First, we use a Mediterranean land
system map to refine the IUCN terrestrial species dis-
tributions in the Mediterranean to specific land sys-
tems as defined by Malek and Verburg (2017), who
take an integrated social-ecological approach to
classify land systems. Then, by examining information
relating to threat and habitat classification reported in
the Red List species assessments, we determine the
extent to which agriculture is a threat as well as an
important habitat type for the survival of species.

Sheep grazing in the Middle Atlas Mountains of Morocco. © “Herding sheep in Dayet Ifrah” by Hugo van Tilborg is licensed under CC BY-NC-SA 2.0.



https://www.flickr.com/photos/49502985568@N01/3557992358
https://www.flickr.com/photos/49502985568@N01
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse

2.5. Methods

This section describes the methods followed to com-
pile, process, and analyse a dataset of species as-
sessments and their associated spatial data relevant
to the Mediterranean region (Section 2.5.1), and the
approach used to further explore the role agriculture
plays in threatening or supporting their conservation,
using Red List data (Section 2.5.2).

2.5.1. Conservation status of
species in the Mediterranean

Data compilation and processing

Thousands of species assessments have been con-
ducted since the IUCN Centre for Mediterranean Co-
operation started Red Listing work in 2010. The aim
of this data compilation initiative has been to gather
the most comprehensive list of species assessments
for the Mediterranean region (as defined in this report)
to date. This has involved compiling species assess-
ments at a Mediterranean, European, and global level.

An initial Mediterranean species master list (hereaf-
ter Master List) and spatial dataset was compiled by
the IUCN Centre for Mediterranean Cooperation. The
Master List included 8,746 species known to occur
in the Mediterranean and for which a Red List as-
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sessment has been completed. The date of assess-
ments ranged from 1996 to 2020. The spatial dataset
consisted of species range polygons submitted to the
IUCN Red List Unit together with the corresponding
assessments for publication at www.iucnredlist.org.
This spatial dataset was completed by assessments
and polygons of comprehensively assessed groups
downloaded from the Red List website using the
IUCN Red List API (IUCN, 2023). As the scope of
this report was to explore the interactions between
agriculture and species, all marine species were re-
moved. In addition, any species for which there was
no distribution range map were also excluded.

Taxonomic groups included in the initial dataset were
amphibians, birds, bees, butterflies, dragonflies and
damselflies, freshwater crabs, freshwater fishes,
freshwater molluscs, grasshoppers, locusts, crickets,
hoverflies, mammals, terrestrial molluscs, plants, rep-
tiles and saproxylic beetles. All the available species
ranges were then filtered by the ‘presence’ and ‘ori-
gin’ fields to remove extinct and introduced species.
Table 2.1 shows which categories of species were
excluded (categories marked in white were removed
from the dataset). The species polygons were then
clipped with the CEPF Mediterranean biodiversity
hotspot polygon (see Figure 1.1).

Table 2.1. Values for presence, origin and seasonality fields in IUCN Red List spatial data for which associated
geometries were included (in black) and excluded (in white) in the final Master List of species used in this report.

1 (Extant) 1 (Native)

2 (Reintroduced)

4 (Possibly Extinct)

1 (Resident)

2 (Breeding Season)

3 (Non-breeding Season)
4 (Passage)

5 (Seasonal occurrence uncertain)


http://www.iucnredlist.org

Our aim was to only include species which have a
significant proportion of their distribution range with-
in the Mediterranean, and therefore not all species
range polygons compiled were included in the final
analysis. All species on the Master List for which spa-
tial data was available were included in the analysis
(see Appendix 1). Species that were not on the Mas-
ter List were only included if 75% or more of their
range was within the Mediterranean.

Red List Categories assignment

All species were assigned a Red List Category, where
possible from Mediterranean level assessments, in
order to ascertain their extinction risk. If these were
not available, Red List Categories from European as-
sessments were used, and where these were also not
available, the Categories from global assessments
were used. In some cases, for example European
endemics, one or more assessments could have the
same category.

Freshwater and terrestrial species

Species were split into terrestrial or freshwater cate-
gories. To create the freshwater species dataset, all
species labelled as freshwater in the Master List and
those that only had freshwater habitat affiliations in the
respective species assessments were categorised as
freshwater. For example, all of the wetland category (5)
and artificial aquatic (15), apart from marine/saline cat-
egories (habitat categories 5.14, 515, 5.16, 5.17, 15.4,
1511, 15.12, 15.13) from the IUCN Habitats Classifica-
tion Scheme 3.1 (IUCN, 2024), were included. Plants
with a freshwater habitat affiliation labelled as major
importance in the Red List assessment and plants
listed as ‘freshwater’ in the Master List biome column
were also included in the freshwater group.

Crop Wild Relatives

To further explore the diversity of wild plants and their
potential contributions to agriculture, we identified
those CWR taxa that have been assessed, largely by
members of the IUCN Species Survival Commission
(SSC) Crop Wild Relative Specialist Group (CWR SG).
So far, there is no comprehensive CWR inventory for
the Mediterranean region. However, building on two
sub-regional inventories for West Asia (Zair et al.,
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The Crop Wild Relative Vicia esdraelonensis is classified as globally
Vulnerable (VU) on the IUCN Red List. It has a very restricted distribution
comprising three isolated populations in Syria, Israel and Turkiye, and

is highly threatened by unsustainable overgrazing (Rhodes, 2016).

“Vicia esdraelonensis” by MIN 1*N'is licensed under CC BY-NC-SA 4.0.

2021) and North Africa (Lala et al., 2018), together
with those CWR taxa of global priority native to the
Mediterranean, Vincent et al. (2013) produced a Med-
iterranean priority list of 491 human or animal food
crops CWR taxa, as well as reviewing their conser-
vation and threat status. This list was crosschecked
with the plants included in the Master List to add a
CWR label for further analyses (Appendix 2).

IUCN Habitats and Threats
Classification Schemes

During the species assessment process, IUCN Red
List assessors code for each species the suitable
and major habitats they use and the relevant known
threats. The IUCN Habitats Classification Scheme
(Version 3.1), which includes 17 major habitat types
and over 100 subtypes, is used to code the suitable
and major habitats and for each species. Similarly,
the IUCN Threats Classification Scheme (Version 3.3;
IUCN, 2022) uses standardised threat codes to
document threats to species, and is divided into 12
threat codes that include over 100 subcodes. Both
Schemes include definitions of all the categories and
guidance on how to use them. The classifications are
structured in 3 levels of detail: Level 1 (e.g., 2 Agricul-
ture & aquaculture), Level 2 (e.g., 2.1 Annual & peren-
nial non-timber crops) and Level 3 (e.g., 2.1.1 Shifting
agriculture). Thus, IUCN Red List assessors follow
standardised and hierarchical classification schemes
to record which agricultural practices are considered
as a threat and which agriculture-associated habi-
tats are considered as suitable for a given species.
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http://creativecommons.org/licenses/by-nc-sa/4.0/?ref=openverse

To determine which types of agricultural practices
were coded as a threat and which agricultural hab-
itats were coded as suitable or important for each
species, we extracted the selections made by IUCN
assessors from the IUCN Red List database and ex-
amined the attributions made at different levels.

Spatial analyses

Species richness maps based
on Red List distribution ranges

All species range polygons were converted to 2 x 2
km rasters to match the resolution of the Malek and
Verburg (2017) layer which would subsequently be
used in the second part of this study (see Section
2.5.2). The resulting rasters, one for each species,
were binary, with a value of 1 indicating that the spe-
cies’ range polygon overlapped that grid cell, and
a 0 where it did not (i.e. any cell the range polygon
overlapped was included in the raster). These rasters,
and subsets of them to represent specific taxonomic
groups, were summed together to produce the spe-
cies richness maps. All analyses were performed in
2022 using a combination of ArcGIS Pro and R.

Caveats of this approach

As with any large-scale biodiversity assessment,
results should be interpreted with caution, as the
classification of agricultural impacts may reflect re-
porting biases rather than an absolute measure of
impact severity. It is important to acknowledge that,
while Red List threat and habitat code assignations
are based on a value judgement of key experts on
the species being assessed, the use of Red List data
for assessing agricultural threats may introduce bi-
ases, particularly in how different land-use types are
perceived. For example, grazing impacts may be
overrepresented due to historical conservation nar-
ratives that focus on overgrazing rather than sustain-
able grazing benefits (di Virgilio et al., 2019). How-
ever, while unsustainable grazing remains a concern
in certain contexts, extensive and rotational grazing
systems have demonstrated ecological benefits by
supporting landscape mosaics that sustain diverse
species communities (e.g., Pinto-Correia et al., 2011).
Moreover, the IUCN Threats Classification Scheme,
especially at the broader levels of categorisation (i.e.,
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Level 1), does not allow for distinguishing specific
agricultural practices or their intensities. Thus, these
assessments should be interpreted with caution, as
the assignation of one of the agricultural threat cate-
gories to a given species does not necessarily mean
that all agricultural practices or intensities are incom-
patible with the survival of the species.

There are other important limitations inherent in this
approach that need to be clarified. First, these maps
are derived directly from the distribution data provided
by IUCN Red List assessments, and thus do not show
confirmed species occurrence, but rather coarse,
large-scale distribution patterns. Thus, these analyses
do not allow to locate with certainly the presence of a
given species in a particular location, nor its threats.

Alfilerillos de Sierra Nevada (Erodium rupicola) is a Crop Wild Relative
endemic to the southeast of the Iberian Peninsula and listed as Vulnerable
(VU) at the Global, Europe & Mediterranean scale. According to the Red
List assessment, its primary threats include unsustainable overgrazing,
firebreak maintenance and reforestation (Algarra Avila et al., 2011).

© “Erodium rupicola” by jltasset is licensed under CC BY-NC 4.0.
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2.5.2. Species distributions and agriculture
Mediterranean land systems distribution

As well as the species richness maps based on I[UCN
Red List distribution ranges, we also produced rich-
ness maps based on species ranges refined by suit-
able habitat. Each species range raster was refined
using a Mediterranean land systems layer (Malek &
Verburg, 2017). This land use layer was chosen as it
has a good representation and breakdown of the sys-
tems that dominate Mediterranean landscapes. It also
takes a social-ecological approach to map Mediter-
ranean land systems, which seems more appropriate
to the Mediterranean context. The dataset consists
of a raster layer at 2 km? resolution representing 27
systems grouped into seven main systems: Agro-sil-
vo-pastoral mosaic, Open and bare grazing, Crop-
lands, Forest, Settlements, Bare and Wetlands (Table
2.2, Figure 2.1).

The land system classification developed by Malek
and Verburg (2017) (Figure 2.2) shows that 38% of
the Mediterranean is covered by Croplands, 23% by
Agro-silvo-pastoral systems, and 10% by Open and
bare grazing. This suggests that 82% of the Mediter-
ranean land region is dedicated to some kind of ag-
ricultural activity, making it likely that species ranges
overlap with agricultural habitats.

Wetlands 1%

Bare 1%

settlements |GG %

Open and bare grazing

LAND SYSTEM GROUP

Agro-silvo-pastoral mosaic

Croplands

Forest 10%
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Table 2.2. Mediterranean land system types and
assigned groups as mapped by Malek and Verburg (2017)

Land system
group (Malek &
Verburg, 2017)

Land system type
(Malek & Verburg, 2017)

2 = (semi)natural forest Forest
5 = desert, bare Bare
0 = wetlands Wetlands
1= medium intensity forest
Forest
3 = high intensity forest
4 = planted forest
10 = closed wooded rangeland
11 = open woodland
Agro-silvo-

12 = open wooded rangeland .
pastoral mosaic

13 = cropland/wooded rangeland

14 = cropland/rangeland

15 = permanent crops/rangeland

6 = extensive arid grazing
Open and bare

8 = extensive open rangeland .
grazing

7 = intensive arid grazing
9 = intensive open rangeland
18 = extensive mosaic
17 = extensive permanent
16 = extensive annual
21 = rainfed intensive mosaic
Croplands
20 = rainfed intensive permanent
19 = rainfed intensive annual
24 = irrigated mosaic
23 = irrigated permanent
22 =irrigated annual
25 = peri-urban Settlements

26 = urban

21%
23%

38%

PROPORTION OF AREA OCCUPIED

Figure 2.2. Proportion of area occupied by main Mediterranean land system groups as developed by Malek and Verburg (2017)





https://www.flickr.com/photos/50638285@N00/35200317766
https://www.flickr.com/photos/50638285@N00
https://creativecommons.org/licenses/by-nd/2.0/?ref=openverse

Species distributions by
Mediterranean land systems

Each land system group from Malek and Verburg
(2017) was linked to one or more IUCN habitat cat-
egories by creating a crosswalk table (Appendix 3).
The land use layer was then used to remove parts of
species ranges that were not classified as suitable
habitat, based on the IUCN Red List habitat assess-
ment of each species. This was only undertaken for
terrestrial species, as the land use data was not de-
tailed enough for freshwater habitats. Some species’
ranges (957 species maps) could not be refined be-
cause either the range was too small, the habitat was
too specific and did not match the landcover (e.g.,
IUCN habitat category 6. Rocky areas (e.g., inland
cliffs, mountain peaks)), or the species ranges were
restricted to islands not included in the landcover
extent (Macaronesian islands and Cabo Verde). This
left a total of 3,452 species that were included in the
refined species richness map. These rasters were
summed together to produce the species richness
map refined by land use systems.

To estimate species richness in each land system, the
refined species range rasters were first converted into
polygons. The Mediterranean land systems layer was
also converted into a polygon layer and then inter-
sected with the species polygons. This was then pro-
cessed using the “dissolve” GIS tool for all species
names and land use systems to avoid double count-
ing. The analyses consisted of counting the number
of spatial overlaps of species range maps with land
use systems to obtain two measurements: (i) species
occurrences or number of times any species was
found in a particular land system group, and (ii) total
number of species found in each land system group.
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Agriculture as both a threat
and a habitat for species

Threats: The Level 1 threats to species in the Medli-
terranean are explored in Section 2.6.5. To understand
in more detail what types of agricultural threats were
recorded, we selected only the 1,119 of 3,568 terres-
trial species for which the IUCN threat code “2. Agri-
culture & aquaculture” was used and was classified
as “ongoing”. These include the following subcodes
(Table 2.3):

Table 2.3. Level 2 (e.g., 2.1) and Level 3 (e.g., 2.1.1) threat
categories included under Agriculture & aquaculture
(Level 1)

2.1 Annual & perennial non-timber crops
2.1.1 Shifting agriculture
2.1.2 Small-holder farming
2.1.3 Agro-industry farming
2.1.4 Scale Unknown/Unrecorded
2.2 Wood & pulp plantations
2.2.1 Small-holder plantations
2.2.2 Agro-industry plantations
2.2.3 Scale Unknown/Unrecorded
2.3 Livestock farming & ranching
2.3.1 Nomadic grazing
2.3.2 Small-holder grazing, ranching or farming
2.3.3 Agro-industry grazing, ranching or farming
2.3.4 Scale Unknown/Unrecorded
2.4 Marine & freshwater aquaculture
2.4.1 Subsistence/artisanal aquaculture
2.4.2 Industrial aquaculture

2.4.3 Scale Unknown/Unrecorded

tem in‘central Italy.
g " by Pierluigi Paris, =
‘under CC BY-NC-SA 2.0,



https://www.flickr.com/photos/120950867@N08/15696002899
https://www.flickr.com/photos/120950867@N08
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Habitats: The major habitats for all terrestrial spe- Caveats of this approach
cies included in this study are summarised in Section
2.6.4. To explore the extent to which other artificial
habitats are used or are important for each terrestrial
species in our sample, we investigated all IUCN hab-
itat subcodes assigned to species under the code
“14. Artificial - Terrestrial”, which include those listed
in Table 2.4:

The Malek and Verburg (2017) approach to classify
land use systems is not a measure of human modi-
fication or naturalness of these systems. Instead, it is
an expert-based classification aiming at representing
landscapes as integrated social-ecological systems,
focusing on agro-silvo-pastoral mosaic systems: multi-
functional Mediterranean landscapes hosting different
human activities that are not represented in common
Table 2.4. Level 2 habitat categories included under 14. land cover maps (also see caveats in Section 2.5.1).

Artificial - T trial (Level 1
rtificial - Terrestrial {Level 1) As noted in Section 2.5.1, the spatial data used are

14.1 Arable Land derived directly from the distribution data provided
by IUCN Red List assessments, which do not show
confirmed occurrence of species but rather coarse
14.3 Plantations large-scale distribution patterns. This means that the
resulting species distributions by land use types rep-
resent the relationship between species distribution
and land use types rather than the confirmed pres-
14.6 Subtropical/Tropical Heavily ence of these species within those land use types.
Degraded Former Forest

14.2 Pastureland

14.4 Rural Gardens

14.5 Urban Areas

, Many species in the Mediterranean de-
pend on agricultural landscapes, and
in turn contribute to agricultural sys-

tems through the provision of services
such as pest control and pollination.

© “Roni Ziade - Lebanon 9" by Roni Ziade /
ICARDA is licensed under CC BY-NC-ND 2.0.
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2.6. Results
2.6.1. Species groups and taxonomic groups

The data compilation and processing described
in Section 2.5.1 resulted in a dataset that included
4,409 species assessments, listed in Table 2.5. These
represented 17 taxonomic groups of terrestrial and
freshwater species. Most species (3,583; 81%) were
terrestrial and included amphibians, birds, bees, but-
terflies, grasshoppers, locusts, crickets, hoverflies,
mammals, terrestrial molluscs, reptiles, saproxylic
and terrestrial plants. A total of 826 species (19%)
were labelled as freshwater. These included drag-
onflies and damselflies, freshwater crabs, freshwater
fishes, freshwater molluscs, and freshwater plants.
These taxonomic groups were merged into 10 spe-
cies groups to facilitate the synthesis of the results
(Table 2.5).

Table 2.5. Number of species per species group and
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taxonomic group included in this study. See Appendix 1
for a full list and taxonomy.

Species Number of species | Total number
group per taxonomic group of species

Amphibians
Birds

Decomposers

Freshwater
Fishes

Freshwater
invertebrates

Mammals

Other
terrestrial
invertebrates

Plants

Pollinators

Reptiles

103
525

Dung Beetles: 205
Saproxylics: 345

292

Dragonflies and
damselflies: 45

Freshwater crabs: 7

Freshwater molluscs
(Bivalvia): 4
Freshwater molluscs
(Gastropoda): 352

249

Grasshoppers, Locusts,
and Crickets: 353

Terrestrial molluscs
(Gastropoda): 284

Freshwater plants: 126
Terrestrial plants: 530

Bees: 177
Hoverflies: 60
Butterflies: 461

291

Total number of species included

CWR Focus: Types of CWR

103
525

550

292

408

249

637

656

698

291
4,409

Of the 4,409 species included in the present analysis, 656 were plants, of which
449 (68%) were labelled as Crop Wild Relatives (CWR) (see Appendix 2 for CWR
data). This subset of CWR represents only 2% of plant species, 12% (111) of ge-
nus, and 31% (48) of families known to be CWR in the Mediterranean basin coun-

500
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400
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w
]
a 300
%]
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O
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g 00 141
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0
Medicinal Ornamental Human
and aromatic food

37

Forestry

23

food

Animal

USE TYPE

Figure 2.3. Number of species associated with each use type included in the
CWR subset. Note that most species have been recorded for more than one use.

tries (IUCN SSC CWR SG, 2024), which means it is a small sample size. Most
(90%) of these 449 species are related to species with medicinal and aromatic
uses, but it is common to attribute various uses to the same species. Other uses
include ornamental purposes, human food, forestry, and animal food (Figure 2.3).



Farmer working in a peach grove, Lebanon. © “Lebanon: Agricultural Steering Committee activities 2022" by Prospects ILO/Elisa Oddone is licensed under
CC BY-NC-ND 2.0.

2.6.2. Conservation status
of Mediterranean species

Freshwater and terrestrial species

One in four (26%) of species included in the present
Mediterranean dataset are at risk of extinction (CR,
EN or VU) (Figure 2.4), while 9% are listed as Near
Threatened (NT) and 14% as Data Deficient (DD).
Half (51%) of species assessed are listed as Least
Concern (LC) but for 53% of these, population trends
were either unknown or showing a decrease (see Ap-
pendix 1 for full list of species).

GCrand total S (o) n 14 9

!

Freshwater 13 17 20

0% 20% 40%

This picture changes substantially when freshwater
and terrestrial species are separated. Half of all the
assessed freshwater species are threatened with ex-
tinction and only 30% are listed as Least Concern
(LC), whereas 21% of terrestrial species are threat-
ened and 56% listed as Least Concern (LC).

B Critically Endangered (CR)
B Endangered (EN)
Vulnerable (VU)
Data Deficient (DD)
Near Threatened (NT)

[ Least Concern (LC)

W
w
(@]

60% 80% 100%

PROPORTION OF SPECIES ASSESSED

Figure 2.4. Red List Categories assigned to all species included in this analysis
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When separating species by taxonomic groups, fresh- 2.5). Decomposers and pollinators both have high pro-

water invertebrates and freshwater fishes are the most portion of species listed as Data Deficient (DD) (41%

threatened, with over 50% of these species at risk of and 24% respectively), which highlights the impor-

extinction (563% each), followed by plant species (39% tance of carrying out more research on population and

threatened) and amphibians (34% threatened) (Figure distribution trends of these important species groups.
Reptiles ]

Pollinators

Plants

Other terrestrial invertebrates Il Critically Endangered (CR)

I Endangered (EN)
Mammals I Vulnerable (VU)
Freshwater invertebrates ] Data Deficient (DD)
. Near Threatened (NT)
Freshwater Fishes I
[ Least Concern (LC)

Decomposers

Birds

Amphibians

0% 20% 40% 60% 80% 100%

PROPORTION OF SPECIES ASSESSED

Figure 2.5. Red List Categories assigned to all species groups included in this study

The glittering demoiselle (Calopteryx exul)
is endemic to the northern Maghreb, and is found
in very fragmented, isolated populations across
mountain streams in northern Morocco, Algeria and
Tunisia. It is listed as Endangered (EN) at the Global,
Mediterranean, Northern Africa & Pan-Africa scale
and is principally threatened by water pollution,
stream desiccation due to water abstraction for
irrigation, overgrazing and drought, acco&
to its Red List threat classification (Boud

18).
© “Calopteryx exul” by Erland Refling Nielse

is licensed under CC BY-NC 4.0.
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CWR Focus: Risk of extinction

38% of plant species in the CWR subset are threatened with extinction (Figure
2.6), 7% are Data Deficient (DD), 12% are Near Threatened (NT), and 43% are
listed as Least Concern (LC). Medicinal and aromatic and ornamental plant spe-
cies are the most threatened, with 38% and 40% threatened respectively. Impor-
tantly, 34% of CWR related to species used for human food are also threatened.

USE TYPE
Allspecies - I e
Animal food | e
Forestry | NN e
Human food | ]
Omamental | ]
Medicinal | — |

and Aromatic

0% 20% 40% 60% 80% 100%

PROPORTION OF SPECIES ASSESSED

Figure 2.6. Proportion of CWR species in each Red List Category, according to
type of use. Note that most species have been recorded for more than one use.

The full picture of the extinction risk of CWR in the Mediterranean is unknown,
as there is no comprehensive regional Red List for CWR in the region. In addition
to this analysis, another assessment of the threat status of plant diversity in the
region identified a total of 3,408 plant assessments, of which 25% (852 species)
were CWR of human or animal food crops (Maxted et al., 2024). Of the latter,
17.3% (148 species) priority CWR had been assessed, of which 7.4% (11 species)
were threatened (three Critically Endangered (CR), five Endangered (EN), three
Vulnerable (VU)), 4.7% (7 species) Near Threatened (NT; or Lower Risk), 77.0%
(114 species) Least Concern (LC) and 10.8% (16 species) Data Deficient (DD).
Further analysis identified that at least 10.7% (91 species) of the assessed CWR
have declining populations, whereas 47.5% (405 species) are stable, 1.5% (13
species) are increasing, and the remaining 40.2% (343 species) have unknown
population trends. Similarly, 10.1% (15 species) of the priority CWR have popu-
lations in decline, 56.1% (83 species) are stable, 1.4% (2 species) are increasing,
and the remaining 32.4% (48 species) are unknown (Maxted et al., 2024).
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2.6.3. Patterns of distribution

Terrestrial species richness is highest in coastal areas
and across key mountain ranges in most Mediterra-
nean countries (Figure 2.7). Hotspots of threatened
species (Figure 2.8) are found along the southern
Mediterranean coast of Spain and the Baetic moun-
tain system, the Morrocan Rif and High Atlas moun-
tain ranges, the Central Peloponnese in Greece, and
along the Mediterranean coasts of Turkiye, Lebanon

and Israel. Data DeﬁCient (DD) SpeCieS, fOI’ WhICh A Geotrupes stercorarius dung beetle and Lysandra coridon
; i ; H butterflies on cattle dung in north eastern Spain, illustrating
more researCh IS needed to determlne thelr rISk Of the diversity of decomposer fauna that depends on well-
extinction, are predominanﬂy found in Spain, Greece, managed grazing systems. Sustainable livestock practices
. . . are essential to maintain the ecosystem services provided
Turkiye, Morrocco and Algeria (Figure 2.9). by these key species. © José Ramén Verdu Faraco
Y/ 9 9
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Figure 2.7. Terrestrial species richness in the Mediterranean land region
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Figure 2.8. Richness of terrestrial threatened species (Categories CR, EN and VU) in the Mediterranean land region
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Figure 2.9: Richness of Data Deficient (DD) terrestrial species in the Mediterranean land region




The freshwater species richness maps (Figure 2.10)
show a different pattern of distribution to the terrestri-
al species. In the Mediterranean, the main centres of
freshwater species richness lie in the Guadiana and
Tajo catchments in Spain and Portugal, coastal catch-
ments of the Adriatic Sea in Croatia and Montenegro,
northern Greece, the northwest coast of Morocco,
and the area between the northern coasts of Alge-
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Helicella stiparum is endemic to the province
of Almeria in Andalusia, southern Spain. It is
listed as Endangered (EN) at the Global, Europe
& Mediterranean scale and is threatened by
agricultural intensification, particularly habitat
loss and degradation due to the expansion

of greenhouses, as well as groundwater
extraction for irrigation, reducing water
availability for the species and the vegetation

it depends on (Gémez-Moliner, 2025).

© “Helicella stiparum” by asteriscus
is licensed under CC BY-NC 4.0.

ria and Tunisia. The highest concentrations of threat-
ened freshwater species are found in southern and
central Spain, Croatia, and Montenegro (Figure 2.11),
whereas the areas with the highest richness of Data
Deficient (DD) species (Figure 2.12) include northern
Greece, Croatia, Montenegro, northern Algeria and
northern Tunisia, and parts of southern Spain.

Sources: FAOQ (2015) and Flanders Marine Institute 0
(2023).
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Figure 2.10. Freshwater species richness in the Mediterranean land region
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Figure 2.11. Richness of freshwater threatened species (Categories CR, EN and VU) in the Mediterranean land region
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Figure 2.12. Richness of Data Deficient (DD) freshwater species in the Mediterranean land region




2.6.4. Major habitats
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The top three habitats of major importance for terres- terrestrial habitats were among the top 10 habitats
trial species were shrubland, forest and grasslands, coded, which confirms what is expected of the Med-
together accounting for 66% of species for which iterranean basin, given the high degree of human
habitats were coded (Figure 2.13). A similar pattern modification this region has experienced over time.

was found for CWR (Figure 2.14). Notably, artificial

Marine Oceanic

Caves and Subterranean Habitats
Marine Coastal
Artificil/Terrestrial
Wetlands

|
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Figure 2.13. Top 10 IUCN Red List habitat types of major importance according to the number of terrestrial species the habitat
has been coded for (by species group). Note that a given species might have more than one habitat of major importance.

CWR Focus: Major habitats

The habitats of major importance recorded for CWR in the Mediterranean region are
shrubland (221 species), grassland (203 species), and forest (170 species) (Figure 2.14).
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Figure 2.14. Top 10 IUCN Red List habitat types of major importance, by number of CWR species the habitat
has been coded for. Note that a given species might have more than one habitat of major importance.



2.6.5. Major threats

The major threats recorded for terrestrial species
were agricultural and aquaculture practices, biolog-
ical resource use (e.g., direct extraction by humans)
and natural system modifications (Figure 2.15). Oth-
er notable threats include invasive species, pollu-
tion, and residential and commercial development.
For freshwater species, pollution and natural system
modifications account for most threats reported (Fig-

Natural system
modifications 13%

Agriculture and
aquaculture 22%

Pollution 10%

Biological resource use
15%

Pollution 39% Natural system

modifications 33%

Residential and commercial
development 8%
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ure 2.16). It is important to note that these represent
the first level of threat codification which does not dis-
tinguish between different agricultural practices, nor
their level of intensity. This further level of detail is
discussed in Section 2.6.7, which aims to understand
what types of agricultural practices are impacting a
subset of these species for which there is sufficient
information available.

Figure 2.15. Top 10 threats (Level
1in the IUCN Red List Threats
Classification Scheme) for all
terrestrial species reported.
The proportions represent
how many times a threat was
selected using the IUCN Threats
Classification Scheme, out

of all species included in the
commercial analysis. Note that more than
development
8% one threat may have been
selected for a given species.

Invasive and other
problematic species,
genes & diseases 11%

Residential
Elgle!

Climate changes and
severe weather 4%

Human

intrusions and

disturbance 3%

Transportation &
service corridors 2%

Figure 2.16. Top 10 Level 1
threats for all freshwater species
reported. The proportions
represent how many times a
threat was selected using the
IUCN Threats Classification
Scheme, out of all species
gz\fgr%e;s;t?]er included in the analysis. Note
7% that more than one threat
may have been selected
for a given species.

Invasive and other
problematic species,
genes & diseases 9%

Climate

Biological resource
use 2%

t Human intrusions
and disturbance 3%

Agriculture and
aquaculture 22%



CWR Focus: Major habitats

Agricultural and aquaculture practices are the major threat reported for CWR, having
been coded for 161 of the 449 species (36%) in the CWR subset. Residential and com-
mercial development is the second most important, recorded for 139 species (31%). The
third most recorded threat is natural system modifications, which was coded for 131
CWR species (29%) (Figure 2.17).

Energy production & mining

Climate changes and severe weather

Pollution

Invasive and other problematic species, genes & diseases.
Transportation & service corridors
Human instrusions and disturbance

Biological resource use

THREAT CODE

Natural system modifications
Residential and commercial development

Agriculture and aquaculture

0 40 80

NUMBER OF CWR SPECIES THREATENED

Figure 2.17. Top 10 threats by number of CWR species they have each been coded
for, according to Level 1 of the IUCN Red List Threats Classification Scheme.
Note that more than one threat may have been selected for a given species.

These results align with the top three main threats to CWR identified by Maxted et al.
(2024). These are: (i) livestock farming and ranching, which affects 208 CWR species
(of which 96 are threatened); (ii) housing and urban development, which affects 107
species (47 threatened); and (iii) agricultural practices, which affect 120 CWR species
(40 threatened). Similarly, priority CWR in the Mediterranean region are most affected
by (i) livestock farming and ranching, which affects 43 CWR (11 threatened); (ii) hous-
ing and urban development, which affects 17 species (three threatened); and (iii) both
tourism and recreation and agricultural practices, each affecting 16 species, with no
threatened CWR species being affected by tourism and recreation, and six threatened
by agricultural practices.
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160
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2.6.6. Species distribution
by land system groups

Data for 3,438 species of the 4,409 species in the
original species dataset was adequate to refine their
ranges by Mediterranean land system groups. The
results are shown in two ways: (i) occurrences or
number of times a species was found in one land use
system (2 km? pixel) and (ii) number of species found
in each land use system in total.
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Agro-silvo-pastoral mosaic is the most common land
system group overlapping with species range maps,
both in total number of species and number of oc-
currences (Table 2.6; Figure 2.18). This is followed by
Open and bare grazing, which is consistent with what
is expected in Mediterranean land use systems. How-
ever, the croplands land system falls from the third
most important category when counting species oc-
currences to the fifth when counting the total number
of species. This means that while croplands are the
third most common land use system overlapping with
species range maps in the Mediterranean, it is only
the fifth most important in terms of species richness.
The same pattern is the case for threatened species.

Table 2.6. Number of species occurrences (i.e., number of times a species range overlaps with one land use system)
and total number species occurring in each Mediterranean land system as mapped by Malek and Verburg (2017)

Main land cover All species Threatened species Total number Number of
categories occurrences occurrences of species threatened species

Agro-silvo-

pastoral mosaic UIEE =
S:r‘:”gar;‘gng 8159 881
Croplands 6,662 547
Forest 4,838 658
Settlements 1,567 89
Bare 988 131
Wetlands 650 64

All species

Threatened species

0% 20%

40%

3,055

2,786 408
857 92
1,710 286
800 48
988 131
650 64

60% 80%

PROPORTION OF SPECIES OCCURRENCES

Agro-silvo-pastoral mosaic
Open and bare grazing
Croplands

Forest

Settlements

Bare

Wetlands

Figure 2.18. Proportion of times species range maps overlapped with the main Mediterranean land systems as mapped

by Malek and Verburg (2017)



Assessing these results by taxonomic groups (Table
2.7) shows that species ranges overlap with Mediter-
ranean land systems in different proportions. How-
ever, landscapes dominated by agricultural practic-
es are still found to support the most species, with
Agro-silvo-pastoral mosaic, Open and bare grazing
and Forests remaining the top three land systems
by species richness. Importantly, while croplands
may appear to support lower species richness in
our dataset, this result may be influenced to some
extent by data availability and reporting biases, as
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well as the level of land-use intensification, rather
than an inherent lack of ability of crop systems to
retain biodiversity within agricultural landscapes.
Moreover, it is important to note that these land use
systems are not always mutually exclusive when it
comes to agriculture; agricultural practices are not
solely restricted to the explicitly “agricultural” land
use systems and can be present and even potential-
ly play an important role in other land systems, such
as forest or wetlands (Malek & Verburg, 2017).

Cattle grazing in the region
of Chefchaouen, Morocco.

© Catherine Numa
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Table 2.7. Number of species per taxonomic group found in Mediterranean land systems as mapped by Malek and Verburg
(2017). The colour gradient represents species richess, with yellow representing the highest species richness and dark blue
lower species richness.
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11 = open woodland  A9ro-silvo-pastoral 87 383 293 195 471 330 592 198  75%

maosalc

12 = open wooded  Agro-silvo-pastoral 82 378 297 195 474 317 565 190 73%
rangeland mosaic
9 = intensive Open and 7 375 294 193 43 274 541 215 7.0%
open rangeland bare grazing
10 = closed Agro-silvo-pastoral 81 322 436 181 384 258 486 163 68%
wooded rangeland mosaic
8 = extensive Open and 68 383 256 196 295 210 534 21 63%
open rangeland bare grazing
13 = cropland/ Agro-silvo-pastoral 82 331 240 193 438 246 47 200  6.3%
wooded rangeland mosaic
7 = intensive Open and 58 324 220 199 268 250 40 205  57%
arid grazing bare grazing
6 = extensive Open and 54 329 194 196 160 186 388 189  50%
arid grazing bare grazing
1=medium Forest 85 240 397 144 181 184 290 133 49%
intensity forest
2= (semi) Forest 7 215 337 128 164 173 280 102 43%
natural forest
3=highintensity oot 70 222 344 130 98 142 235 N4 4.0%
forest
5 = desert, bare Bare 18 222 88 133 140 104 141 142 29%
14 = cropland/ Agro-silvo-pastoral 61 224 17 146 80 50 82 27 26%
rangeland mosaic
22 = irrigated Croplands 54 219 s 125 7 34 96 93  2.4%
annual
15 = permanent Agro-silvo-pastoral 54 221 86 140 57 46 77 120 24%
crops/rangeland mosaic
25 = peri-urban Settlements 48 176 132 103 67 14 148 107 2.3%
16 = extensive Croplands 50 217 109 126 7 27 93 92 23%
annual
26 = urban Settlements 46 174 128 103 59 m 147 104  2.3%
18 = extensive Croplands 53 206 10 122 81 33 77 85  23%
maosailc
24 = irrigated Croplands 54 210 105 125 76 3 78 86  22%
maosailc
19 = rainfed Croplands 51 208 105 123 74 26 7 85  22%
intensive annual
21=rainfed Croplands 51 206 93 120 a7 26 71 86  21%
Intensive mosaic
17 = extensive Croplands 49 197 9% 15 62 25 7 83 20%
perma nent
23 = irrigated Croplands 49 199 87 6 63 26 7 83  2.0%
perma nent
20 = rainfed
intensive Croplands 49 192 91 108 62 21 70 81 2.0%
perma nent
0 = wetlands Wetlands 65 276 70 79 33 23 65 39 1.9%
4 = planted forest Forest 24 90 74 57 16 6 37 55 1.1%



2.6.7. Agriculture practices
as a threat to species

2,869 of the 4,409 species assessed had a specific
threat code attributed by IUCN Red List assessors.
Among the 1,220 species with the Level 1 threat clas-
sification Agriculture & aquaculture (28% of all spe-
cies, 43% of those with an attributed threat code), it
was identified as an ongoing threat for 1,147 species.
Moreover, 442 threatened species (38% of all threat-
ened species) in the Mediterranean had Agriculture
& aquaculture coded as a threat. Table 2.8 shows
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that, out of all the Red List assessments, Livestock
farming and ranching was selected as a threat the
most times (46%), followed by Annual & perennial
non-timber crops (39%). Across all the different agri-
cultural threat categories recorded, threats linked to
large-scale and intensive agricultural practices were
considerably more prevalent, with at least 42% of
threats coming from these types of activities (Table
2.8; see caveats in Section 2.5.1). However, for 46%
of the species assessed, the scale of the agricultural
threat was unknown.

Table 2.8. Threat selection for Level 2 and Level 3 IUCN Threat Classification codes (see Section 2.5.2 in Methods for
full details), showing the number of times each threat code was selected across all of the Red List species assessments.
Marine & freshwater aquaculture was excluded as it only counted for less than 2% of coded threats.

IUCN Level 2 threat code IUCN Level 3 threat code

2.1 Annual & perennial non-timber crops 606 39%
46

2.1.1 Shifting agriculture
2.1.2 Small-holder farming
2.1.3 Agro-industry farming

Times selected Proportion
3%

79 5%
368 24%

2.1.4 Scale Unknown/Unrecorded 13 7%
2.2.1 Small-holder plantations 23 1%
2.2.2 Agro-industry plantations 122 8%
2.2.3 Scale Unknown/Unrecorded 67 4%
2.3 Livestock farming & ranching 720 46%
2.3.1 Nomadic grazing 169 1%
2.3.2 Small-holder grazing, ranching or farming 199 13%
2.3.3 Agro-industry grazing, ranching or farming 159 10%
2.3.4 Scale Unknown/Unrecorded 193 12%

Little egret (Egretta garzetta),
listed as Least Concern (LC) at
the global and European scale,
pictured here in a rice field in
Dofana, Huelva, Spain (BirdLife
International, 2021b, 2025b).

© Antony Luque Montero



2.6.8. Agriculture as a habitat for species

A total of 3,568 terrestrial species assessed had a
habitat code attributed. 822 (23%) of these had artifi-
cial terrestrial habitats considered as suitable habitats
and 18% had (648 species) agricultural habitats (i.e.,
Plantations, Pasture Land, or Arable Land) as suit-
able. Of these, 85 species (2% of total) had agricul-
tural habitats noted as habitats of major importance,
mainly including species of plants, birds, mammals
and invertebrates (Figure 2.19).

Rural Gardens
Plantations

Urban Areas

HABITAT TYPE

Arabe Land

pastureland -
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Marianne’s bright bush-cricket (Poecilimon mariannae), Least Concern (LC)
at the Global, Europe and Mediterranean scale, is endemic to Greece and
heavily relies on agricultural land for its survival (Willemse et al., 2023).

© «Poecilimon mariannae” by Sofia Giakoumi is licensed under CC BY-NC 4.0.

B Amphibians

B Mammals

B Pollinators

B Birds

[ Other terrestrial invertebrates
B Reptiles

[ Decomposers

I Plants

NUMBER OF SPECIES

Figure 2.19. Number of species associated to each artificial terrestrial habitat type of major importance, by taxonomic
group. Note that a given species may have more than one habitat type of major importance.

Regarding species at risk of extinction, agricultural
habitats are considered to be of major importance
for 25 threatened species, including plants, birds, in-
vertebrates, pollinators and decomposers. Remark-
ably, for some species the only habitat of major im-
portance selected was an agricultural habitat type,
which means that these areas are fundamental for
their conservation. For example, the Least Concern
(LC) Marianne’s bright bush-cricket (Poecilimon mar-
iannae), endemic to Greece, is found mainly in road-

sides and adjacent agricultural fields on the mainland
(Willemse et al., 2023). Another example is the En-
dangered (EN) golden hamster (Mesocricetus aura-
tus) which, as of 2022, is only known from “fertile, ag-
ricultural and densely populated Aleppinian plateau”
in Syria and Turkiye (Kennerley & Middleton, 2022),
as well as the Data Deficient (DD) rush Juncus fer-
nandez-carvajaliae, which is only found in pastures
on seasonally wet soils in the Guadiana River basin in
Spain (Romero Zarco et al., 2018).


https://www.inaturalist.org/photos/83242096
https://www.inaturalist.org/users/1130231
http://creativecommons.org/licenses/by-nc/4.0/?ref=openverse

2.7. Key messages

m Of the 4,409 terrestrial and freshwater species
included in these analyses, one in four (26%) are
threatened with extinction (CR, EN or VU).

m Half of all Least Concern (LC) species report an
ongoing population decline.

m Half of all freshwater species assessed are
threatened with extinction and only one in three
(80%) are listed as Least Concern (LC).

m The three top habitats for terrestrial species are
shrubland, forest and grasslands, accounting
for 66% of all major habitats recorded.

B Agricultural and aquaculture activities, biological
resource use and natural system modifications
are considered major threats to Mediterranean
species. Other notable threats are invasive spe-
cies, pollution, and residential and commercial
development. However, these threat classifica-
tions correspond to Level 1 of the IUCN Threats
Classification Scheme, where there is no distinc-
tion between the intensity of agricultural activities.

m The assignation of broad agricultural threat
codes in tools such as the Red List may imply
that such activities are inherently incompatible
with the species” survival; agriculture is there-
fore coded as inherently negative in such tools,
and caution must be taken to analyse the results
on a context-specific basis, paying particular
attention to the characteristics and intensity of
agricultural practices and how exactly they are
affecting a given species.

m The sample of Crop Wild Relatives (CWR) shows
that 38% of these species are threatened with
extinction, with agricultural and aquaculture
practices recorded as the major threats.

B 76% of the species included in this study have
distribution ranges in human-modified land use
systems, including Agro-silvo-pastoral mosaic
(83% of species), Open and bare grazing (24%),
and Croplands (20%).

B Species distribution ranges cover a wide variety
of land use systems in the Mediterranean, with
species using to some extent all land use sys-
tems included in this study.

B At least 28% of all Mediterranean species as-
sessed on the Red List, and 43% of those for
which a threat code has been attributed, are
considered to be threatened by some form of
agricultural activity. 38% of all Mediterranean
threatened species are affected by unsustain-
able agricultural practices.

B The main threats to species from agricultural
practices are related to Livestock farming &
ranching (46%) and Annual & perennial non-tim-
ber crops (39%). Threats linked to large holder
based and intensive agriculture were more prev-
alent, with almost half (47%) of all agriculture-re-
lated threats coming from these activities.

m More research is needed to better understand
these results and determine specifically which
agricultural practices are negatively impacting
which species in the Mediterranean, and to ex-
plore alternatives to reduce these impacts.

m Agricultural habitats were coded as suitable for
18% of species, and for 2% agricultural lands
are habitats of major importance. Moreover, for
24 species, agricultural lands are their only re-
maining major habitat.
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3

Opportunities to reduce
regional species extinction
risk through abatement

of agricultural threats

In the Mediterranean

Summary: The Species Threat Abatement and Restoration (STAR) metric is a tool that quantifies the potential
opportunities to reduce species extinction risk through threat reduction in particular locations. Here, we com-
bined the extinction risk, distribution and threats classification data documented through the IUCN Red List
assessments in Chapter 2 and calculated the STAR metric specifically for species documented as threatened
by agriculture. The highest opportunities to reduce species extinction risk by addressing agricultural threats are
found in Western Greece, specifically in the lonian area, southern Spain, the most oriental coast of the Medi-
terranean in southern TUrkiye, Syria, Lebanon and Israel, as well as the island of Cyprus. Livestock farming &
ranching and Annual & perennial non-timber crops are the largest contributors to the risk of species extinction.
Plants (31.3%), terrestrial invertebrates (29.9%), and pollinators (15.9%) are the major contributors to the agri-
cultural STAR metric, which means that these groups are in greater need of actions to mitigate threats from
unsustainable agricultural practices.

3.1. Species Threat Abatement grid. Within this grid, STAR assesses the contribution
& Restoration (STAR) metric of threats affecting species in each pixel, allowing val-
ues to be aggregated for larger polygons representing
diverse areas, such as the Mediterranean region. To
date, the metric has been applied to birds, mammals
and amphibians assessed as globally Threatened (CR,
EN or VU) or Near Threatened (NT) on the IUCN Red
List. Importantly, the metric has the versatility to be
applied to other datasets and taxa, as long as there is
documentation of species’ extinction risk, distribution,
and encountered threats (Mair et al., 2023)

The Species Threat Abatement & Restoration (STAR)
metric, developed by Mair et al. in 2021, serves as a
tool that quantifies the potential opportunities to re-
duce species extinction risk through threat reduction
in particular locations. In addition, it aims to support
science-based target setting for species conservation
across various spatial scales. The metric relies on in-
formation sourced from the IUCN Red List of Threat-
ened Species, specifically species distributions and
habitats, documented threats to species (following Here, we combine the extinction risk, distribution and
the IUCN Threats Classification Scheme), and species threats classification data documented through IUCN
extinction risk Category (NT, VU, EN and CR). The Red List assessments using the methodology for
STAR methodology estimates the potential for reduc- derivation of the STAR metric (Mair et al., 2021), spe-
ing species extinction risk across a global 5 x 5 km? cifically for species in the Mediterranean document-



https://www.iucnredlist.org/resources/threat-classification-scheme

ed as threatened by agriculture (classes 2.1, 2.2 and
2.3 in the IUCN Threats Classification Scheme). This
analysis results in a variation of the Species Threat
Abatement metric focusing on the impacts of agricul-
ture in the Mediterranean region. The aim is to identify
which agricultural threats have a greater contribution
to STAR scores related, which can then be used to
determine the most efficient actions to reduce those
scores and therefore contribute to reducing species
extinction risk in the region.

3.2. Methods

3.2.1. Species selection for analyses

We used the species dataset described in Chapter 2
and used the following species information: distribu-
tion range maps, documented threats, and extinction
risk category.

We selected species from the Mediterranean region
that are (i) comprehensively assessed on the IUCN
Red List, (i) documented as threatened by agricul-
ture (classes 2.1, 2.2 and 2.3 of the IUCN Threats
Classification Scheme) and (iii) categorised as Near
Threatened (NT), Vulnerable (VU), Endangered (EN)
and Critically Endangered (CR) on the IUCN Red List
version 2021.3 (IUCN, 2021).

3.2.2. STAR-t scores calculation

We used the threat abatement component of the
STAR metric (referred to as STAR-t), which quantifies
the opportunity for reducing species extinction risk
through reducing threats to species in their current
habitats (Mair et al., 2021). STAR-t scores were com-
puted at a given location following the formula provid-
ed by Mair et al. (2021). Here, “location” refers to any
defined area, with the maximum extent covering the
Mediterranean territory and the minimum practical
size determined by the spatial resolution of the spe-
cies range maps, set at 50 kmz (see spatial data pro-
cessing details below). The 50 km? resolution aligns
with the inherent uncertainty in species range maps
and ensures that threat assessments are based on
robust data rather than assumptions at finer scales.
Additionally, while agricultural practices indeed vary
within these areas, the use of Red List data allows us
to assess species-level impacts consistently. Future
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analyses incorporating Area of Habitat (AOH) data
will enhance spatial precision, but this study provides
an essential first approximation to understand broad-
scale threat patterns.

We calculated STAR-t scores for a location and its
threats across all species as follows:

Ty = ) PsiWiCs;
S

where P_ is the range size of each species s within location
(expressed as a proportion of the species range in our study
area), W_is the EU Red List category weight of species s
(Near Threatened = 100; Vulnerable = 200; Endangered

= 300; Critically Endangered = 400) and C is the relative
contribution of threat t to the extinction risk of species s.

We assessed the relative contribution of all recorded
threats (including agricultural threats and other cat-
egories) to the extinction risk of each species. This
contribution was calculated as the percentage popu-
lation decline attributed to each threat, determined by
the product of severity and scope for that threat from
the species’ European Red List assessment, divided
by the total percentage population decline from all
threats to the species, following Mair et al. (2021).

For species lacking specific information on the severity
and scope of their threats, median values were ap-
plied, as outlined by Mair et al. (2021). In accordance
with Mair et al. (2021), we excluded threats that were:
(i) recorded as having occurred in the past and unlikely
to return, and (ii) not expected to cause a population
decline. As a result, threats with no anticipated impact
on population size were omitted from the analysis.

Threat scores were initially calculated using the most
detailed threat classification available, then aggregat-
ed to Level 2 of the Threats Classification Scheme by
summing the scores.

To calculate STAR-t scores for agriculture threats
across the Mediterranean region, we focused specifi-
cally on the three major agricultural threats reported for
species in the Mediterranean region (Chapter 2, Sec-
tion 2.6.5): 2.1 Annual & perennial non-timber crops,
2.2 Wood & pulp plantations and 2.3 Livestock farming
& ranching. For species impacted by these threats, we
calculated the proportion of the STAR-t score attribut-


https://www.iucnredlist.org/resources/threat-classification-scheme
https://www.iucnredlist.org/resources/threat-classification-scheme

ed to agriculture, relative to the total STAR-t score,
which reflects all threats affecting the species. This
approach highlights the contribution of threats 2.1, 2.2
and 2.3 to the overall STAR-t score for each species.

Potential opportunities to reduce
species extinction risk from
addressing agriculture threats
across the Mediterranean region

We calculated the proportion of the STAR-t score from
agricultural threats (2.1, 2.2, and 2.3 from the IUCN
Threats Classification Scheme Version 3.3) relative to
the STAR-t score with combined agriculture threats
(hereafter Agri STAR-t) for the Mediterranean region.
Next, we generated maps for the Agri STAR-t scores,
as well as separate maps for each individual threat
(threats 2.1, 2.2, and 2.3), across the Mediterranean
territory at a 50 km?2 grid cell resolution. This fine-
scale mapping allows for the identification of specif-
ic areas where efforts to mitigate agricultural threats
can most effectively contribute to reducing species
extinction. To do this, we used species distribution
range maps by extracting GIS spatial data (polygons)
from the European Red List assessments via the Red
List website and filtered these polygons following the
methodology of Mair et al. (2021). Specifically, we re-
tained only the areas of each species’ range where
the origin was classified as native, reintroduced, or
present due to assisted colonisation, while excluding
areas labeled as introduced, vagrant, or of uncertain
origin. Additionally, we omitted polygons where the
species’ presence was coded as extinct, possibly
extant, or uncertain. The remaining species poly-
gons were then cropped to the Mediterranean region
and rasterised at a 50 km2 resolution. Then, for each
species threatened by agriculture, we calculated the
STAR-t score attributed to these threats per grid cell
by multiplying each species’ STAR-t score from the
combined or individual agricultural threats by the
proportion of the species’ range in the grid cell. Fi-
nally, we generated the maps for the Mediterranean
region by summing the STAR-t score maps across
all species. In addition, we investigated the STAR-t
scores from agricultural threats at Level 3 of the IUCN
Threats Classification Scheme (Appendix 4.3).
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3.2.3. Caveats of this approach

While Level 3 of the IUCN Threats Classification Scheme
offers finer distinctions, such as smallholder versus in-
dustrial farming, data limitations make its broad-scale
application challenging. We recommend further refine-
ment of threat assessments by integrating higher-res-
olution land use data. Similarly, the scale (50 km? reso-
lution) at which this analysis was conducted is likely to
exacerbate caveats noted in Sections 2.5.1. and 2.5.2.
This level of detail is not captured in Levels 1 and 2 of
the Threats Classification Scheme, which may in some
cases represent an over-generalisation of the different
threats. Thus, it should be noted that the broad threat
categories discussed in the Results are not necessarily
inherently incompatible with the conservation of a given
species, as the degree to which an agricultural activity
threatens a species is very context-specific, depend-
ing on factors such as location, spatial extent, duration,
and intensity. However, these broader threat categories
are useful in providing an overall indication of the types
of agricultural activities that are being conducted in a
way that is harmful for biodiversity, and therefore have
potential for threat abatement.

3.3. Results

A total of 567 of 588 species had all the available data
(i.e., agriculture threats expected to cause a popula-
tion decline and available species distribution data)
to be included in the STAR analyses (Appendix 4.1).

Potential opportunities to reduce
species extinction risk from
addressing agriculture threats

in the Mediterranean region

The Agri STAR-t score for the study area was
56,983.77 STAR units (i.e., aggregation of STAR-t
scores which accounts only for weighted threats 2.1
Annual & perennial non-timber crops, 2.2 Wood &
pulp plantations and 2.3 Livestock farming & ranch-
ing). Figure 3.1 shows the potential opportunities that
could be met by abating all agriculture threats in each
grid cell in the Mediterranean region. The highest
scores highlight southern Spain, including the Sier-
ra Nevada mountain range, most of Greece and the
coast of southern Turkiye, Cyprus and Israel. These
are places where threatened and restricted range
species trigger high Agri STAR-t scores.
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Figure 3.1. STAR-t scores attributed to agriculture threats (Agri STAR-t) at a 50 km grid cell resolution for the Mediterranean
region. The total STAR-t attributed to agriculture threats for the Mediterranean region is 56,983.77 STAR units. STAR-t
values of threats 2.1 Annual & perennial non-timber crops, 2.2 Wood & pulp plantations and 2.3 Livestock farming &
ranching are aggregated per grid cell to generate the Agri STAR-t scores. Note that low scores do not necessarily mean that

there are no threatened species present.

Table 3.1 shows the potential opportunities to re-
duce species extinction risk that could be met by
acting to abate each agricultural threat across the
Mediterranean region. Figures 3.2 to 3.4 show the
potential opportunities that could be met by abat-
ing each agricultural threat in each grid cell in the
Mediterranean region. Livestock farming & ranching
represents the threat with highest potential to reduce

regional species extinction risk through threat abate-
ment (Table 3.1). The Sierra Nevada mountain range
in Spain, central Sardinia, most of Greece and the
coast of southern Turkiye, Cyprus, Israel, and south-
ern Morocco are the areas with the highest opportu-
nities to contribute to reduced species extinction risk
by mitigating negative impacts of Livestock farming &
ranching (Figure 3.2).

Table 3.1. STAR-t score per agriculture threat type in the Mediterranean region. STAR-t scores represent the potential
opportunities to reduce species extinction risk that could be met by acting to abate each agricultural threat in the Mediterranean
region. The percentage of contribution shows the proportion of the total Agri STAR-t score contributed by each threat type.

Rank Threat type
1 2.3. Livestock farming & ranching
2 2.1 Annual & perennial non-timber crops

3 2.2 Wood & pulp plantations

STAR-t score Percentage of contribution (%)

37,034 55.7
15,143 3311
4,807 1.2
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Figure 3.2. STAR-t scores attributed to threat 2.3 Livestock farming & ranching at a 50 km grid cell resolution for the
Mediterranean region. Note that low scores do not necessarily mean that there are no threatened species present.
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Figure 3.3. STAR-t scores attributed to threat 2.1 Annual & perennial non-timber crops at a 50 km grid cell resolution for
the Mediterranean region. Note that low scores do not necessarily mean that there are no threatened species present.
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Figure 3.4. STAR-t scores attributed to threat 2.2 Wood & pulp plantations at a 50 km grid cell resolution for the
Mediterranean region. Note that low scores do not necessarily mean that there are no threatened species present.



Sheep grazing in the Sierra Nevada mountains, Andalusia, Spain. © “unplanned-1025" by Simonas Rupsys is licensed under CC BY-NC 2.0.

The species groups contributing to most of the Agri
STAR-t score, responsible for 77% of the score, are
mainly plants (31.3%), terrestrial invertebrates (29.9%)
and pollinators (15.9%) (Table 3.2). This indicates that
addressing agricultural threats affecting these groups
could result in a substantial reduction in the overall Agri
STAR-t score, thereby significantly lowering the overall
species extinction risk in the Mediterranean region.

Most of these species have small global ranges and
are restricted to very specific habitats. Two examples
of species that drive these high STAR scores are the
Critically Endangered (CR) plant Akamas centau-

Table 3.2. Disaggregated STAR-t score attributed
to agricultural activities (Agri STAR-t score)
per species group in the Mediterranean region.

STAR-t % of

Rank Group score Contribution

1 Plants 17822 31.28

2 Other terrestrial 17039 29.90
invertebrates

3 Pollinators 9030 15.85

4 Decomposers 4001 7.02

5 Reptiles 3244 5.69

6 Mammals 2552 4.48

7 Birds 2007 3.52

8 Amphibians 821 1.44

9 Freshwater 468 0.82
invertebrates

Total Agri STAR-t score 56984 100.00

ry (Centaurea akamantis) and Triandafilia mountain
grasshopper (Oropodisma lagrecai), endemic to Cy-
prus and Greece respectively. Species with STAR-t
scores of 400 (only three species showed this score)
are highly threatened by illegal local grazing, primar-
ily from goats owned by landowners who disregard
the protection measures prohibiting grazing in the
respective areas. This pattern also applies to the 14
species with STAR-t scores of 300. Appendix 4.2 in-
cludes the STAR-t scores of each species per agri-
cultural threat type included in this analysis.

Akamas centaury (Centaurea akamantis) is a Crop Wild
Relative endemic to Cyprus. It is classified as Critically
Endangered (CR) at the Global, European & Mediterranean
level on the Red List, and it is primarily threatened by illegal
goat herding, as well as soil erosion (Kadis & Eliades, 2015).

© “Avakas-gorge-centaurea-akamantis”
by Mboesch is licensed under CC BY-SA 4.0.



https://www.flickr.com/photos/130578157@N04/27146238930
https://www.flickr.com/photos/130578157@N04
https://creativecommons.org/licenses/by-nc/2.0/?ref=openverse
https://commons.wikimedia.org/w/index.php?curid=115373015
https://commons.wikimedia.org/wiki/User:Mboesch
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
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3.4. Key messages

B The greatest opportunities to reduce species ex- B Most species with a STAR-t score of 300-400

tinction risk by addressing agricultural threats are
found in southern Spain, Western Greece (specifi-
cally in the lonian area), the most oriental coast of
the Mediterranean in southern Turkiye, Syria, Leb-
anon and Israel, as well as the island of Cyprus.

Threat 2.3 Livestock Farming & Ranching is the
largest contributor to the risk of species extinc-
tion, accounting for 54.2% of the total impact in
this context. Addressing unsustainable farming
and ranching practices is therefore very relevant
for biodiversity conservation in the region.

Threat 2.1 Annual & perennial non-timber crops
contributes 34% to the overall species extinction
risk, followed by Threat 2.2 Wood & pulp planta-
tions with 11.8%.

Plants (31.3%), terrestrial invertebrates (29.9%),
and pollinators (15.9%) are the major contribu-
tors to the agricultural STAR-t.

STAR units are invertebrates and plants with
very restricted ranges, threatened by illegal lo-
cal grazing. By setting actions to abate agricul-
tural threats across different areas of the Med-
iterranean, particularly those with high STAR-t
scores, and by taking into consideration these
groups and species, we can significantly con-
tribute to reducing regional species extinction
risk in the region.

The use of the IUCN Level 2 Threats Classifi-
cation ensures consistency across species and
provides a robust starting point for identifying
key areas where agriculture poses significant
threats. While Level 3 offers finer distinctions,
such as smallholder versus industrial farming,
data limitations make its broad-scale application
challenging. We recommend further refinement
of threat assessments by integrating higher-res-
olution land-use data and methodologies such
as Area of Habitat (AOH) mapping. This will im-
prove the precision of species distribution and
threat identification and support more targeted
conservation and mitigation strategies.



Grey heron (Ardea cinerea), listed
as Least Concern (LC) at the global
and European scale, pictured here

in a rice field in Valencia, Spain
(BirdLife lnternatlonal 2019, 2021c).
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4

Biodiversity
conservation

and agriculture in
the Mediterranean

Summary: The relationship between agriculture and biodiversity is complex and dual-faceted, as shown in the
previous Chapters. With unsustainable agricultural practices representing the leading driver of global biodiver-
sity loss, agriculture faces the challenge of feeding a growing human population while achieving biodiversity
conservation goals. While unsustainable agricultural practices drive habitat destruction and biodiversity decline,
agroecological approaches offer a pathway for integrating biodiversity conservation, and the management of
associated ecosystem services, with agricultural productivity. Agroecological practices, such as diversification
and agroforestry, supported by adaptations of the EU’s Common Agricultural Policy, have proven effective in mit-
igating biodiversity impacts. The benefits of diversified systems for yields and ecosystem services - pollination,
pest control, and soil health - must be translated into regional biodiversity targets and supported by tailored,
landscape-specific policies. This Chapter presents strategies to align agricultural systems with biodiversity goals

through agroecology, illustrated by case studies.

4 1. Introduction

Chapters 1, 2 and 3 provide a broad overview of the
interaction between biodiversity and agriculture in Med-
iterranean landscapes. Chapter 2 assesses agricultur-
al practices as both a threat and a habitat for species,
while Chapter 3 uses the STAR metric to identify how
and where interventions could achieve the most ben-
efit for biodiversity, with the importance of CWR being
highlighted throughout. In the previous Chapters it was
highlighted that at least 28% of all Mediterranean spe-
cies assessed on the Red List, and 38% of all Med-
iterranean threatened species, are considered to be
affected by unsustainable agricultural practices, while
simultaneously over 18% of species depend on agri-
cultural landscapes to survive. Unsurprisingly, most
of these species occur in traditionally and extensive-
ly-managed agricultural habitats. These results highlight
the opportunity that lies before us for aligning agricul-
tural landscape planning with biodiversity conservation.

These findings point to agroecology as an important
tool to provide the necessary agricultural shift in ar-
eas highlighted by the STAR metric, or landscapes of
importance for CWR. Agroecology could provide the
answers to the most dominant threats, such as rein-
forcing extensive, rotational grazing in areas where
unsustainable overgrazing is detected.

Tools such as the STAR metric and the IUCN Red List,
despite having inherent biases and limitations which
must be taken into account, are very useful for eval-
uating biodiversity outcomes and selecting the most
appropriate agroecological practices in order to re-
duce risks and enhance biodiversity in priority areas.
By linking scientific analysis and assessments like the
ones used and performed in this report with the design
of agroecological strategies, we could build agri-food
systems that actively contribute to halting or even re-
versing biodiversity loss, while improving the resilience
and sustainability of agricultural landscapes.



This Chapter will delve into how agroecological prac-
tices could help to address the identified challenges
and opportunities for biodiversity conservation, pro-
viding specific solutions to reduce biodiversity loss
while maintaining, and potentially even enhancing, the
resilience of Mediterranean agricultural landscapes.

Bridging conservation
priorities with agroecology

The global agricultural sector is at a crossroads, fac-
ing three major challenges: ensuring reliable access to
affordable, nutritious food (food security); reducing its
contribution to climate change; and maintaining biodi-
versity, which is critical to supporting ecosystem ser-
vices, such as pollination for maintaining food produc-
tion from pollination-dependent crops (Semenchuk et
al., 2022; FAO, 2023; Le Provost et al., 2023; Wanger
et al., 2024). The Mediterranean is well-positioned to
benefit from agroecological strategies that integrate
biodiversity conservation with agricultural productivi-
ty, given its rich biodiversity and longstanding agricul-
tural dependency. For example, in Andalusia, Spain,
the intensification of olive farming has significantly
reduced plant diversity and impaired pollination ser-
vices, demonstrating how unsustainable agricultural
practices can undermine ecosystem functions (Rey et
al., 2019; Tarifa et al., 2021). If managed unsustain-
ably, the ways in which we use land for agriculture can
be a major contributor to biodiversity loss, weakening
nature’s functions as well as the benefits we receive
from ecosystems (Gerten et al., 2020).

Fields of wheat in El Krib, Siliana, Tunisia.

© “Wheat crops at the conservation agriculture site in El Krib
Siliana, Tunisia” by Katrin Park/ICARDA - Science for Resilient
Livelihoods in Dry is licensed under CC BY-NC-ND 2.0.
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The intersection of agriculture and biodiversity calls
for policy interventions that address both conserva-
tion goals and socio-economic needs. Agroecological
approaches bridge the gap between conservation and
productivity, offering solutions to reconcile biodiversity
goals with agricultural needs at a landscape scale.

In recent years, a strong body of evidence has
emerged showing that adopting less intensive, more
sustainable agricultural practices not only conserves
biodiversity, but also enhances the ecosystem ser-
vices we depend on, thereby increasing resilience
to future changes (Wanger et al., 2020; Magrach et
al., 2023; Vasconcelos et al., 2024; Zou et al., 2024).
While we have a good scientific understanding of the
ecological foundations needed to slow or even re-
verse biodiversity loss, this knowledge has not yet
been fully translated into farmer-based approaches
that truly incorporate biodiversity-friendly agricultural
practices (Kreitzman et al., 2022; Pe’er et al., 2022).

The Mediterranean region, known for its distinctive
biodiversity and ecological characteristics (Medail &
Quezel, 1997; Thompson, 2005), is particularly sensi-
tive to these environmental changes. While agriculture
has been an integral part of Mediterranean landscapes
and livelihoods for 11,000 years, the over-intensive ag-
ricultural production of the past 60 years has signifi-
cantly reduced species richness, as a result of fewer
types of land cover and more intensive management
(Newbold et al., 2020). Conversely, traditional agricul-
tural practices and conservation farming, which are
still prevalent in some areas, support high levels of
biodiversity (Ponti et al., 2016; Lee et al., 2019).

In non-European Mediterranean countries, tradi-
tional farming systems, such as those found in the
Fertile Crescent and North Africa, have been integral
to maintaining biodiversity (Balkrishna et al., 2021).
These regions often employ age-old agricultural
practices that are inherently sustainable and biodi-
versity-rich. Policies and initiatives in these countries
also play a crucial role in shaping sustainable agricul-
tural practices tailored to local contexts. For exam-
ple, the implementation of national agro-ecological
policies in Morocco and Tunisia supports biodiversity
conservation while promoting sustainable agriculture
(Houssni et al., 2023).


https://www.flickr.com/photos/47730240@N05/28380972238
https://www.flickr.com/photos/47730240@N05/28380972238
https://www.flickr.com/photos/47730240@N05
https://www.flickr.com/photos/47730240@N05
https://creativecommons.org/licenses/by-nc-nd/2.0/?ref=openverse
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Extensive cattle grazing in a traditional dehesa landscape in Caceres, Spain - a centuries-old silvo-pastoral
system that supports biodiversity and maintains resilient Mediterranean ecosystems. © Vieyle Cortez Gallardo

Additionally, shifts in temperature and precipitation
patterns are altering the climate in many agricultural
areas, which is in turn affecting Mediterranean biodi-
versity, especially farmland species (Newbold et al.,
2020; Rigal et al., 2023). In this region, diverse farming
practices and landscapes can help restore and main-
tain ecosystem services and hence contribute to the
conservation of species and agricultural biodiversity,
as well as enhancing climate resilience (e.g., Rey et
al., 2019; Herrera et al., 2021). Agroecology serves as
a key climate change adaptation strategy, enhancing
resilience through diversified cropping systems, water
conservation, increased carbon sequestration, and
enhanced landscape connectivity (FAO, 2023). How-
ever, adopting these practices requires a deep under-
standing of local conditions and the unique ecological
characteristics of a given area (Carpenter et al., 2009).

Both within and beyond Mediterranean agricultur-
al systems, experts in agroecology, agronomy, and
agricultural policy stress the importance of moving
towards sustainable land use that balances biodi-
versity conservation with sustainable agriculture
and food production (Zaccari et al., 2023). Beyond
local food demands, the Mediterranean region’s ag-
ricultural sector must also respond to the pressures
of tourism-driven consumption, which affects land
use, resource availability, and biodiversity conserva-
tion (Garcia-Nieto et al., 2018). This requires a fun-
damental change in approach, based on a detailed
understanding of local, landscape and seasonal vari-

ables that influence environmental, economic, social
outcomes (Tscharntke et al., 2021; Lombardo et al.,
2022) as well as consumer behaviour.

Effective policy frameworks, such as national and re-
gional adaptations of the EU CAP (2023-2027), are
crucial in shaping these sustainable practices, ensur-
ing that both EU and non-EU countries can imple-
ment strategies tailored to their specific needs (Diaz
et al., 2021). In addition to the CAP, policies from non-
EU Mediterranean countries, such as the Tunisian
National Strategy for Sustainable Development and
the Moroccan Green Plan, are essential in shaping
these sustainable practices to fit diverse Mediterra-
nean contexts (El Bilali et al., 2020).

In this Chapter, we provide a brief overview of agro-
ecological approaches and evidence-based strat-
egies to reduce the negative impacts of agriculture
on Mediterranean biodiversity and related ecosystem
services. We begin by exploring the effects of land
use on biodiversity and ecosystem services in the
Mediterranean. This is followed by an examination of
how agroecology can reconcile agricultural produc-
tion with biodiversity conservation. Two case studies
illustrate how sustainable agriculture and biodiversity
conservation can be combined in olive groves (Box
4.1) and the use of technological innovation for bio-
diversity monitoring in an international context (Box
4.2). We conclude with an outlook on policy direc-
tions for the region.



4.2. Effects of land use on
biodiversity and ecosystem
services in the Mediterranean

Agricultural landscapes in the Mediterranean region
may be considered as social-ecological systems
that are important for biodiversity conservation and
contribute to a wide range of ecosystem services
that benefit local communities. However, these land-
scapes are facing numerous pressures that are con-
sistent with issues identified globally: (i) intensive agri-
cultural practices such as monoculture and excessive
use of chemical inputs; (i) demographic and socio-
economic changes driven by urbanisation and mi-
gration; (i) climate change impacts, such as altered
precipitation patterns and rising temperatures; and
(iv) habitat loss due to land conversion and infrastruc-
ture development (sensu Balzan et al., 2020). These
pressures are adversely impacting biodiversity in the
Mediterranean: as mentioned in Chapter 2, 38% of
threatened species in the region are affected by un-
sustainable agricultural practices, and the increasing
need to feed the Mediterranean’s growing population
further intensifies these pressures.

Agroforestry and multi-cropping systems can help
to enhance biodiversity and related regulating ser-
vices such as pollination and pest control, water pu-
rification, carbon storage, and climate regulation in
this context (Balzan et al., 2020). For instance, the
‘Olivares Vivos+' initiative in Spain demonstrates how
integrating agroforestry practices into agricultural sys-

Intensive olive groves in the province of Jaen, Andalusia, Spain.

© “P1140448 Jaen olivos” by calafellvalo is licensed under CC BY-NC 2.0.
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tems can significantly increase regional biodiversity,
serving as a replicable model across the Mediterra-
nean (Box 4.1). Moreover, the STAR analysis in Chap-
ter 3 showed that these agroecological strategies can
be particularly relevant in priority areas where actions
to abate agriculture-related threats could provide
greater benefits. However, the current trend towards
agricultural intensification and abandonment poses
risks to the sustainability of these systems. Notably,
urbanisation, industrial, and coastal tourism devel-
opment, as observed in regions such as Barcelona
(Spain), Emilia-Romagna (ltaly), and coastal areas of
Tunisia and Lebanon, have led to significant losses
in food provisioning and regulating services (Clavé et
al., 2011; Garcia-Nieto et al., 2018). These challeng-
es must be viewed through an interdisciplinary lens
that encompasses biophysical, sociocultural, and
economic perspectives and involves all stakeholders
along the agricultural value chain (e.g., Balzan et al.,
2020; Ruckelshaus et al., 2020; Maas et al., 2021).

4.2.1. Effects on biodiversity

The impacts of intensive agricultural activities on bio-
diversity extend across various taxonomic groups,
including birds, bats, arthropods, and plants (Rey et
al.,, 2019; Morgado et al.,, 2020; Cano et al., 2022;
Tarifa et al.,, 2021, 2024; Vasconcelos et al., 2024),
leading to biodiversity losses within both cultivated
and protected areas. Such biodiversity declines in
homogenised landscapes compromise vital ecosys-
tem services, increasing susceptibility to pests and
invasions (Costa et al., 2020; Herrera et al., 2021,
Martinez-Harms et al., 2021; Solomou & Sfougaris,
2021; Vasconcelos et al., 2022).

Agricultural intensification in the Mediterranean exac-
erbates these challenges, particularly in permanent
croplands like olive groves and almond orchards,
unless they are managed using traditional and more
sustainable approaches. For example, the shift to-
wards high-density plantations demands higher wa-
ter and chemical inputs, eradicates resource com-
petition from ‘weed’ populations, harms soil health
and reduces agroecosystem resilience (Morgado et
al., 2020; Guerrero-Casado et al., 2021). In turn, this
can have an adverse effect on soil biodiversity, which
includes microbial communities and invertebrates
and plays a fundamental role in maintaining agro-
ecosystem functions such as nutrient cycling, soil


https://www.olivaresvivos.com/life-olivares-plus/
https://www.flickr.com/photos/33818912@N00/3011798543
https://www.flickr.com/photos/33818912@N00
https://creativecommons.org/licenses/by-nc/2.0/?ref=openverse

European hare (Lepus europaeus) on agricultural land, Po Delta, Italy. The European hare is Least Concern (LC) with a decreasing population trend at the Mediterranean
scale according to the IUCN Red List (Smith et al., 2010). © “European hare on agricultural land, Po delta, Italy” by Gregoire Dubois is licensed under CC BY-NC-SA 2.0.

structure formation and plant health (Zuazo & Pleg-
uezuelo, 2009; Lal, 2018). This trend, coupled with
land consolidation, also threatens local livelihoods
by undermining smallholder viability and rural econo-
mies (Morgado et al., 2022).

Additionally, unsustainable overgrazing remains a
significant threat to biodiversity in some parts of the
Mediterranean, with impacts including exacerbating
soil degradation and habitat loss (Quaranta et al.,
2020). In Chapter 3, the STAR metric results highlight-
ed overgrazing as one of the top threats to species in
the Mediterranean, especially in priority areas. How-
ever, sustainable grazing systems, particularly in tra-
ditional pastoral landscapes, can play a critical role in
maintaining biodiversity and ecosystem functions by
preventing shrub encroachment, enhancing habitat
heterogeneity, and supporting pollinators and seed
dispersers (Maestre et al., 2022). Moreover, recent
studies indicate that transhumance fosters pollinator
diversity by maintaining floral resources along migra-
tory routes, thereby supporting ecosystem services
which are crucial for agriculture (Garcia-Fernandez et
al., 2019; Ubach et al., 2023). Sustainable agricultural
practices such as these represent opportunities for
addressing conservation objectives while using the
land, especially if aligned with priorities identified
through tools and analyses such as the STAR metric.

4.2.2. Effects on ecosystem services

Ecosystem services, also referred as Nature’'s Con-
tributions to People, encompass the contributions of
ecosystems to human welfare, and range from tangi-
ble benefits like food and water to intangible benefits
such as stress alleviation and spiritual and cultural val-
ues (Carpenter et al., 2009). The concept of ecological
resilience, defined as an ecosystem’s capacity to with-
stand disturbances while retaining its functions (Walk-
er et al., 2004), is vital for safeguarding these services.

The complexity of Mediterranean social-ecological
systems arises from interactions between historical
human endeavours and the spatio-temporal dynam-
ics of biodiversity and ecosystem processes. These
interactions result in both seasonal and long-term
shifts in ecosystem services, further shaped by
synergistic drivers and pressures that pose risks to
the region’s future provision of ecosystem services
(Doblas-Miranda et al., 2017; Balzan et al., 2020). For
example, the structural simplification of Mediterra-
nean olive orchards through increased tree density
has been reported to significantly reduce the diversi-
ty and foraging activity of insectivorous bats, thereby
compromising the provision of pest control services
in such structurally simple olive orchards (Herrera
et al.,, 2024). However, the growing adoption of Na-
ture-based Solutions (NbS), such as those involving


https://www.flickr.com/photos/63019250@N03/28691829993
https://www.flickr.com/photos/63019250@N03
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse

agroforestry and crop diversification practices, has
demonstrated measurable benefits for both biodi-
versity and human well-being. For example, the oc-
currence of flower strips has been widely reported
to increase pollinator richness, leading to higher pol-
lination services in nearby crop fields (e.g. Gardner
et al., 2021). However, despite progress, critical gaps
remain in understanding the socio-economic trade-
offs of sustainable land-use changes, particularly in
the region’s most intensive cropping systems (Diaz et
al., 2021). This is particularly relevant when taking into
account that 18% of the species assessed in Chapter
2 depend on agricultural landscapes, and many of
these species in turn contribute to agricultural sys-
tems through the provision of services such as pest
control and pollination.

While the provisioning services of Mediterranean ag-
ricultural landscapes are well documented, there is
a gap in understanding their contributions to regu-
lating and cultural ecosystem services, which are
crucial for promoting their sustainable development.
There is a need for integrated approaches that weave
together biophysical, socio-cultural and economic
perspectives in the valuation of ecosystem services
(Nieto-Romero et al., 2014; Ruckelshaus et al., 2020).
Strengthened empirical field research is needed to
address critical knowledge and implementation gaps
in agroecological research and agricultural policy,
while considering synergies and trade-offs with oth-
er objectives (see Box 4.1). Advances in ecosystem
monitoring technologies to quantify provisioning ser-
vices can be coupled with socio-cultural approach-
es to standardise long-term and high-resolution data
collection (see Box 4.2).

The intensity of agricultural management often in-
versely correlates with the delivery of certain ser-
vices, suggesting potential trade-offs between food
provisioning and other ecosystem services (Raud-
sepp-Hearne et al., 2010). These trade-offs are par-
ticularly important in regions with high potential for
the abatement of agricultural threats, as identified in
Chapter 3 through the STAR metric. In these areas,
not only biodiversity but wider ecosystem functions
are at risk, due to agricultural intensification and un-
sustainable agricultural practices. Moreover, there
remains a scarcity of research on the structural and
functional ecosystem traits crucial for ecosystem ser-
vice provision. A deeper understanding of how agro-
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biodiversity and ecosystem services interconnect is
essential for predicting the impacts of agricultural
management, as well as other factors, on ecosys-
tems and the services they support (Nieto-Romero et
al., 2014; Cole et al., 2020).

2.3. Agroecology for
sustainable agriculture
and biodiversity conservation

Agroecology offers a comprehensive framework for
reconciling biodiversity conservation with agricultural
production (see discussion on Agroecology in Chap-
ter 1, Box 1.2). This approach integrates strategies
like organic farming, agricultural diversification, and
agroforestry, challenging the notion that agriculture
is inherently detrimental to biodiversity. Organic ag-
riculture, while representing a growing market that
evolved from 51 billion Euros in 2012 to 135 billion eu-
ros in 2022 and is currently present in 188 countries,
is still a niche production that covers only 2.0% of all
agricultural land globally (Willer et al., 2024). Given the
limited scope of organic agriculture, there is a press-
ing need for broader agroecological approaches that
effectively integrate agriculture and biodiversity con-
servation across diverse landscapes.

Agroecology provides a holistic approach that ex-
tends beyond individual farming practices to en-
compass the entire food system, integrating envi-
ronmental, socio-economic, and cultural dimensions
(Aguilera et al., 2020; Carlile & Garnett, 2021; Zeng
et al.,, 2023). As a holistic discipline, agroecology is
based on a set of principles that can be applied in a
decentralised and adaptable manner, making it a hor-
izontal, knowledge-driven approach that integrates
ecological, social, and governance dimensions. In
contrast, organic farming is generally a top-down
certification-based system, primarily focused on
compliance with specific practices that reduce exter-
nal inputs, rather than fully integrating agroecological
principles. While organic farming contributes to sus-
tainability, agroecology fosters systemic transforma-
tions, emphasising biodiversity-friendly landscapes,
food sovereignty, and ecosystem resilience (Tschar-
ntke et al., 2021; FAO, 2023). Agroecological practic-
es such as intercropping, use of legumes, and res-
toration of native vegetation can optimise soil health
and water retention, while promoting biodiversity at



both field and landscape levels (Zeng et al., 2023).
Agroecology also contributes to curbing the alteration
of freshwater habitats by reducing the export of ma-
terials (e.g., soils, nutrients, microplastics, pollutants)
from agricultural lands to watersheds, thereby pre-
venting clogging, contamination, and eutrophication
(Boutagayout et al., 2025). By reducing agrochemical
use, soil erosion, and enhancing buffer zones (e.g.,
hedgerows, vegetated field margins), agroecology
can help maintain freshwater ecosystem integrity and
biodiversity (e.g., Haddaway et al., 2018; Giagnoca-
vo et al.,, 2022). Moreover, incorporating landscape
elements and other conservation and restoration
actions, such as the establishment and sustainable
management of ponds, can increase habitat hetero-
geneity and enhance species richness in agricultural
landscapes (Cannucci et al., 2025; Hill et al., 2025).

Projects like ‘ECO-OLIVES’ in Italy exemplify this in-
tegration by demonstrating how biodiversity-friendly
practices in olive orchards can align productivity with
conservation (Box. 4.1). Emerging technologies, such
as artificial intelligence (Al)-based monitoring sys-

A dehesa in the province of Salamanca, Castile and Ledn, Spain. This traditional

silvopastoral system integrates trees and livestock grazing; in this case holm

oak forest is combined with pig farming for the production of acorn-fed ham.

© “Dehesa Los Valhondos Jamon BEHER Bernardo Hernandez Salamanca
Pelayos” by Pravdaverita is licensed under CC BY-SA 3.0.
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tems (Box 4.2), provide scalable tools to evaluate and
adapt agroecological strategies in real time, offering
solutions to align productivity with biodiversity goals
(Darras et al., 2024). This comprehensive approach
is essential for addressing the complex challenges
of modern agriculture, particularly in the context of
global issues like food security, climate change, and
resource depletion (Altieri et al., 2015; Lal, 2018). By
managing landscape processes through less inten-
sive, more ecologically sensitive approaches, agro-
ecology contributes to the maintenance of ecosys-
tem services, the conservation of species, and the
promotion of sustainable land use (Tscharntke et al.,
2021, 2022). These practices are crucial for conserv-
ing agricultural biodiversity as well as supporting Na-
ture’s Contributions to People (Balzan et al., 2020;
Lombardo et al., 2022). In the Mediterranean, where
diverse landscapes and traditional farming practices
have coexisted for millennia, agroecology provides a
critical framework for aligning agricultural productivity
with the conservation of species and ecosystem ser-
vices (Tscharntke et al. 2021).



https://bdc.univie.ac.at/research/current-projects/eco-olives/ 
https://commons.wikimedia.org/w/index.php?curid=15913880
https://commons.wikimedia.org/w/index.php?curid=15913880
https://commons.wikimedia.org/w/index.php?title=User:Pravdaverita&action=edit&redlink=1
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse
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BOX 4.1. Empirical field research in Mediterranean
olive cultivation landscapes for biodiversity
conservation and sustainable agriculture

The Mediterranean biomes, with their unique ecological
landscapes, offer significant opportunities for sustain-
able land-use transformation. Small-scale, traditional
farming systems prevalent in the region provide a frame-
work for biodiversity-friendly agriculture. Olive orchards,
integral to the region’s ecology and economy, exem-
plify the complex relationship between agriculture and
biodiversity. Despite the challenges posed by intensive
farming, these systems also have significant potential to
enhance ecosystem services and biodiversity through
sustainable management practices (Costa et al., 2019;
Rey et al., 2019; Morgado et al., 2020; Cano et al., 2022;
Tarifa et al., 2021, 2024; Vasconcelos et al., 2022).

Over the past decade, international researchers have
evaluated how shifting from intensive to biodiversi-
ty-friendly and agroforestry practices in olive orchards
can enhance biodiversity through active ecological
restoration. This approach has been exemplified by
the LIFE project “Olivares Vivos” in Andalusia, whose
measures have boosted short-term biodiversity and
led to a scientific validation of biodiversity recovery
and an ecolabel for olive oil. Building on this success,
the “Olivares Vivos +” project is expanding these
practices to olive groves across Spain, Portugal, Italy,
and Greece, continuing to promote biodiversity with
recognised ground cover and agroforestry strategies.

Simultaneously in Portugal, the “ECOLIVES” proj-
ect has been evaluating the roles of birds and bats
in natural pest control, specifically investigating how
changes in olive tree density affect their insectivory
and pest control services. This project aims to refine
biocontrol services by applying distinct pest manage-
ment strategies that maximise the ecological benefits
of these insectivorous species. Meanwhile, the “OLE-
Adapt” project is advancing these concepts by de-
veloping a climate-smart pest management strategy.
By integrating fine-scale ecological assessments with
economic analysis, OLEAdapt seeks to understand
the impacts of climate change on key olive pests and
to enhance farm resilience through informed crop va-
riety selection and innovative biocontrol practices.

The “ECO-OLIVES” project in Tuscany, ltaly, further
exemplifies the integration of biodiversity conserva-
tion with agricultural productivity through its focus on
the impacts of insectivorous birds and bats on pest
control in organic olive orchards. With its transdis-

ciplinary approach, ECO-OLIVES serves as a model
for future research, offering actionable insights that
help bridge knowledge and implementation gaps in
sustainable agriculture while promoting a compre-
hensive view that includes scientific, socioeconomic,
and cultural dimensions of agroecosystems (Maas et
al., 2019; Pe’er et al., 2022; Nori et al., 2023).

In addition to these ongoing efforts, the proposed
“EU-OLIVES” initiative seeks to further upscale and
share ecological knowledge, innovations, and best
practices in sustainable agriculture and biodiversity con-
servation across the olive sector on a continental level.
By fostering cross-border collaboration and integrating
ecological and socio-economic perspectives, this initia-
tive aims to build on the successes of previous projects
and address the broader challenges faced by the Medi-
terranean olive industry (Maas et al., 2019, 2021).

Together, these projects underscore the critical im-
portance of integrated field research in advancing
sustainable agricultural practices that support bio-
diversity conservation. Lessons from these projects
provide a roadmap for upscaling similar biodiversi-
ty-friendly practices across Mediterranean agroeco-
systems. By merging scientific research with practical
applications, these efforts not only enhance our un-
derstanding of complex ecological interactions in ol-
ive agroecosystems, but also promote the implemen-
tation of innovative farming techniques that benefit
both nature and farmers in the Mediterranean region.

a) Study area of the ECO-OLIVES project in Tuscany, Italy, b) Vertebrate exclusion

nets on an olive tree, c) Olive tree before pruning, d) Olive tree after pruning
© Bea Maas


https://www.olivaresvivos.com/

The Mediterranean region, with its diverse ecologi-
cal and socio-economic landscapes, presents both
unique challenges and opportunities for agroeco-
logical practices. Despite the region’s complexities,
its shared agroecological characteristics provide a
foundation for cross-regional cooperation, which is
crucial for addressing pressing international issues
such as food security, climate change, and resource
scarcity. Diverse practices tailored to local conditions
significantly enhance the resilience and sustainabili-
ty of cropping systems in the Mediterranean (Gallar-
do-Loépez et al., 2018; Migliorini et al., 2018).

A key strategy within the agroecological framework is
agricultural diversification, which has been shown to
significantly increase biodiversity and ecosystem ser-
vices while maintaining or even improving crop yields
(Tamburini et al. 2020; Zaccari et al. 2023). This ap-
proach involves integrating functional diversity - such
as different crops, crop varieties, and diversity-en-
hancing farming practices - into agricultural systems
to create a more dynamic and robust framework. The
Mediterranean’s diverse climates and ecosystems
are particularly well-suited for such practices, offer-
ing opportunities to enhance biodiversity conserva-
tion alongside agricultural production (Aguilera et al.,
2020; Kamau et al., 2023).

Diversification practices, including traditional farming
systems in the Eastern Mediterranean and North Afri-
ca, not only support rich biodiversity but also provide
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Agroforestry system
comprising intercropped
olive trees, near Ghar

El Melh, Tunisia

© “photos de la ferme a
I'été 2015" by Citizen59 is
licensed under CC BY-SA 2.0.

farmers with a more stable economic base by better
responding to market fluctuations (Navarrete, 2009).
These practices take many forms, including crop rota-
tion, intercropping, the inclusion of legumes, and the
establishment of flower strips, all of which contribute
to a richer, more balanced ecosystem (Kleijn et al,,
2019; Tamburini, 2020; Kamau et al., 2023). Legumes,
for instance, enrich soil nitrogen levels, support sub-
sequent crops, and enhance biodiversity, while flower
strips boost pollinator populations and biological pest
control agents, reducing the need for chemical pesti-
cides (Gurr et al., 2016; Pefiuelas et al., 2020). For in-
stance, a recent synthesis which included all available
data on global rice production showed that diversifi-
cation can enhance both socioeconomic and environ-
mental conditions in rice production (He et al., 2023).
Similarly, socioeconomic and environmental benefits
have been confirmed in field experiments globally
(Rassmussen et al., 2024). Furthermore, integrating
extensive livestock management within agroecologi-
cal frameworks can enhance biodiversity, reduce soil
erosion, and maintain traditional landscape structures
(FAQO, 2024). Market-based incentives, such as biodi-
versity-friendly product certification, public procure-
ment policies, and consumer awareness campaigns,
can also facilitate the transition towards sustainable
agri-food systems (Zaccari et al., 2023).

Another critical element of agroecology is agroforest-
ry, which integrates trees and shrubs into agricultural
landscapes, enriching biodiversity, enhancing resil-


https://www.flickr.com/photos/11085937@N02/19515140838
https://www.flickr.com/photos/11085937@N02/19515140838
https://www.flickr.com/photos/11085937@N02
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse

ience, and boosting productivity (Jose, 2009; McAd-
am et al., 2009; Torralba et al., 2016; Damianidis et
al., 2021; Nair et al., 2021; Pantera et al., 2021). Agro-
forestry has been comprehensively evaluated and
shown to increase productivity by up to 40% com-
pared to monoculture systems (Graves et al., 2007).
In the Mediterranean, agroforestry contributes to soil
conservation, water management, and the overall
ecological balance of farming landscapes (Zuazo &
Pleguezuelo, 2009; Torralba et al.,, 2016) Further-
more, it plays a crucial role in reducing wildfire risks
by minimising flammable undergrowth (Damianidis et
al., 2021; Kaloudis et al., 2021).

The multifunctionality of agroforestry is recognised
under various international and national frameworks,
such as the Natura 2000 Directive (European Union,
1992) and the designation of High Nature Value farm-
lands (Paracchini et al., 2008). These frameworks un-
derscore the importance of protecting agroforestry
areas for their biodiversity and ecosystem services,
particularly in the Mediterranean.

In summary, agroecology in the Mediterranean in-
tegrates ecological, socio-economic, and cultur-
al dimensions, advocating for diverse and resilient
agricultural landscapes. By embracing traditional
knowledge, fostering community involvement, and
emphasising diversification and ecological practic-
es, agroecology offers a sustainable path forward in
the face of climate change and resource depletion.
Specific policies and traditional practices in non-Eu-
ropean Mediterranean countries, such as those in
Egypt, Lebanon, and Turkiye, further emphasise the
importance of sustainable land use aligned with the
region’s cultural and ecological characteristics. More-
over, agroecology offers a response to the results of
this report: it addresses key threats to threatened
species (Chapter 2) and, if implemented across pri-
ority areas for agricultural threat abatement indicated
by the STAR analysis (Chapter 3), while including tra-
ditional systems, agroecology can be a pathway to-
wards sustainability - a concrete opportunity to foster
productive and biodiverse agricultural landscapes.
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4.4. How can agriculture
and biodiversity coexist
in the Mediterranean?

4.4.1. Changing management practices

Practical measures such as implementing diversified
crop systems and fostering habitat connectivity in
agricultural landscapes are crucial (e.g., flower strips
boosting pollinator populations). The effective man-
agement and diversification of farming systems can
significantly benefit biodiversity, especially in regions
like the Mediterranean where traditional agricultur-
al practices have long supported diverse ecosys-
tems (Lombardo et al., 2022). For instance, CWR in
the Mediterranean show a clear preference for dis-
turbed anthropogenic environments, illustrating how
well-managed agricultural systems can maintain high
biodiversity levels (Jarvis et al., 2015). In fact, as dis-
cussed in this report, the Mediterranean hosts a rich-
ness of traditional agro-silvo pastoral systems which
support a diversity of CWR, thus providing a solid
foundation for agroecology. However, it is crucial to
recognise that even the most well-managed agricul-
tural landscapes cannot fully replicate the biodiversity
found in natural ecosystems, which are increasingly
scarce in Europe and the Mediterranean compared
to other regions, such as the tropics (Aguilera et al.,
2020; Massante et al., 2021; Kreitzman et al., 2022).

The impacts of intensive agriculture on biodiversi-
ty can be mitigated through management practices
that consider interactions between species groups,
ecosystem functions, and environmental factors. For
example, integrating traditional silvopastoral systems
like montados and dehesas with modern agroeco-
logical approaches offers sustainable solutions that
enhance biodiversity while maintaining agricultural
productivity (Pinto-Correia et al., 2011). Moreover,
mobile pastoralism can play a crucial role in maintain-
ing landscape connectivity and ecosystem resilience,
particularly in Mediterranean drylands where habitat
fragmentation is a major concern (Yilmaz et al., 2019).
The Mediterranean’s major crops, including fruits,
vegetables, and cereals, present distinct challenges
and opportunities for biodiversity-friendly production
systems (Diaz et al., 2021). The management of these
different crops varies significantly, with annual and bi-
annual crops often requiring more intensive manage-
ment than perennial crops like olives or vines, which



can typically support higher biodiversity due to their
less frequent disturbance and longer lifespan. Nota-
bly, a food systems approach is essential to fully inte-
grate biodiversity conservation with agricultural prac-
tices, considering not only ecological aspects but
also socio-economic drivers, market dynamics, and
governance structures (FAO, 2023). In some places,
achieving a shift in management practices may ne-
cessitate a transformation of the food market and
consumer attitudes, However, given the prevalence
of sustainable traditional practices in the Mediterra-
nean, there already exists a considerable opportuni-
ty to implement, upscale and adapt agroecological
strategies, if such practices and knowledge systems
can be effectively conserved and promoted.

Sustainable land-use transformations in the Mediter-
ranean require a deep understanding of these com-
plexities. Evidence-based strategies must account
for the various environmental, economic, and societal
factors that influence biodiversity outcomes (Cole et
al., 2020; Caro et al., 2022; Riva et al., 2023). The re-
gion’s diverse agricultural landscapes present unique
opportunities for biodiversity conservation but also
face modern challenges, such as climate change and
land degradation, which threaten traditional agricul-
tural systems (Aguilera et al., 2020). While traditional
systems in parts of the Eastern Mediterranean and
North Africa have fostered biodiverse landscapes,
they are increasingly threatened by modernisation
and environmental stressors. Conversely, European
Mediterranean countries are gradually adopting bio-
diversity-friendly practices, driven by policies like the
CAP and the European Green Deal, though full inte-
gration of these practices into broader land-use poli-
cies remains a challenge (Pe’er et al., 2022).

A key element of harmonising agriculture and biodiver-
sity in the Mediterranean involves identifying the types
of biodiversity that should be supported within agricul-
tural landscapes. Many of these landscapes, shaped
by millennia of human activity, are recognised for their
high biodiversity value, classified as High Nature Val-
ue (HNV) farming systems (Paracchini et al., 2008).
However, comparisons with natural and semi-natural
systems reveal that while agricultural lands can sup-
port significant biodiversity, they do not replicate the
diversity found in untouched ecosystems, which are
rare in the Mediterranean. This distinction is crucial
for species like farmland birds and pollinators, which
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may find more suitable habitats in diversified agricul-
tural lands than in certain natural woodlands. Biodi-
versity patterns in these landscapes depend heavily
on the proportion of farmland area and the intensity of
agricultural management, with larger, more intensive-
ly managed fields in less heterogeneous landscapes
tending to support lower biodiversity (Herrera et al,,
2015; Martin et al.,, 2019; Rey et al., 2019).

A nuanced understanding of the relationship be-
tween biodiversity and farming systems is essential
for designing and implementing policies that foster
biodiversity and ecosystem services in targeted land-
scapes (Costa et al., 2019; Lombardo et al., 2022).
For instance, the Italian olive oil industry could benefit
significantly from sustainability certifications that pro-
tect local varieties and link product quality to environ-
mental stewardship (Lombardo et al., 2022). Similarly,
Vizinho et al. (2021) propose a detailed framework
for adapting agricultural and forestry landscapes to
climate change, emphasising the need to integrate
diverse data and local insights to tailor effective strat-
egies. Additionally, agroforestry, as discussed by
Pantera et al. (2021), offers a sustainable agricultur-
al model that can address environmental challenges
and bolster biodiversity across different climatic re-
gions of the Mediterranean. Finally, while certification
schemes can support sustainable agriculture, addi-
tional mechanisms such as public procurement poli-
cies, regulatory frameworks, and financial incentives
for biodiversity-friendly practices may provide more
inclusive and scalable solutions (Zaccari et al., 2023).

4.4.2. Implementing
biodiversity-friendly policies

Agricultural goals and targets outlined in frameworks
like the Kunming-Montreal Global Biodiversity Frame-
work (GBF) and the UN Sustainable Development
Goals advocate for biodiversity-friendly practices that
conserve ecosystem services and ensure food se-
curity. To meet these ambitious goals, it is essential
to adapt and design policies, such as the EU CAP,
to reflect the unique characteristics and specifici-
ties of farming systems across the Mediterranean.
Promising proposals based on ecological knowledge
aimed in this direction already exist, such as those
proposed by Diaz et al. (2021) for the eight main farm-
ing systems of Spain. The EU’s Green Deal and the
CAP’s eco-scheme framework offer mechanisms to



incentivise biodiversity-friendly practices like crop ro-
tation and agroforestry. Similarly, North African pol-
icies, such as Morocco’s Green Plan, can integrate
agroecological research to inform localised solutions.

Implementing more effective, biodiversity-friendly poli-
cies involves recognising the complex history of land
use in the region, addressing the specific agricultural
practices that contribute to biodiversity loss, and un-
derstanding the market and consumer demands that
drive overproduction (Zaccari et al., 2023). Additionally,
the economic realities and other challenges faced by
farmers must be acknowledged (Kreitzman et al., 2022;
Pe’er et al.,, 2022). Furthermore, training land-use plan-
ners, government agencies, and civil society organisa-
tions in holistic agroecological approaches will enhance
their ability to design policies that integrate biodiversity
conservation with agricultural sustainability (FAO, 2023).
In certain places, a paradigm shift is required that en-
compasses not just agricultural production but also
consumption patterns, urging a reconsideration of our
food demands within the Mediterranean context and
beyond (Moreira et al., 2019). At the same time, a ba-
sis for agroecology already exists in the Mediterranean,
with many sustainable agricultural practices widely used
for centuries. This offers potential for shifting away from
intensive, environmentally harmful agricultural practic-
es, if we establish policy mechanisms which foster the
upscaling and integration of traditional knowledge and
sustainable practices at a broader scale.

Recent shifts towards sustainable farming practices,
such as the EU’s financial incentives for agroforestry
development (initiated in 2005), underscore a growing
recognition of the need for environmentally harmoni-
ous agricultural methods (EU, 2013). The transition
to sustainable practices, as demonstrated by Lom-
bardo et al. (2022) in the Italian olive growing sector,
showcases the potential for aligning economic viabil-
ity with environmental sustainability. This alignment is
essential for meeting the objectives of the EU’s Green
Deal and the UN 2030 Agenda.

The insights from the 2021 Second International Agro-
biodiversity Congress emphasise the crucial role of
agrobiodiversity in creating resilient and equitable food
systems (Zaccari et al., 2023). In fact, given the increas-
ing need for and political obligations to adapt to climate
change, there exists an opportunity to make the most of
the synergies between climate change and biodiversity
strategies, as many agroecological practices simulta-
neously offer an array of benefits for climate mitigation

Montado in the region of Portalegre, eastern Portugal. Cork
is extracted from the cork oak (Quercus suber) trees, while
the undercover is managed for cereal production.

© “Montado + cereals. Photo by Jodo HN Palma”
by Agforward is licensed under CC BY-NC-ND 2.0.

and adaptation (Altieri et al., 2015; Bohan et al., 2022).
In the Mediterranean, there is a pressing need for clear
regional biodiversity objectives, alignment of the CAP’s
Green Architecture with landscape-specific measures,
enhancement of farmers’ knowledge, investment in
biodiversity monitoring, and a strong commitment to
the internalisation of biodiversity within farming prac-
tices (Diaz et al., 2021). This comprehensive approach
aims to foster agricultural landscapes that support
both biodiversity and productive farming by reducing
chemical use and irrigation while increasing landscape
heterogeneity and crop diversification (Diaz et al. 2021).

Achieving these goals requires bridging knowledge
gaps, enhancing biodiversity monitoring, and fostering
interdisciplinary collaboration between farmers and
researchers to promote sustainable land-use trans-
formations (Maas et al., 2019, 2021). Such efforts are
crucial for balancing biodiversity conservation and ag-
ricultural sustainability in the Mediterranean (Pe’er et
al., 2022; Cuadros-Casanova et al., 2023; UN, 2023).
However, achieving coexistence requires a nuanced
understanding of the trade-offs between yield-focused
practices and ecosystem service provision, with re-
search highlighting potential synergies through mixed
farming systems (Tamburini, 2020; He et al., 2023).

In conclusion, realising the potential of biodiversi-
ty-friendly policies in Mediterranean agriculture will
depend on the integration of ecological knowledge,
including traditional knowledge systems, with tailored
policy adaptations. Through a coordinated effort
across various sectors, the Mediterranean can devel-
op agricultural landscapes that are both productive
and support biodiversity.


https://www.flickr.com/photos/120950867@N08/13626098903
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BOX 4.2. Computer vision-based environmental
monitoring to promote biodiversity
conservation and agricultural productivity

Global food systems require a transformation towards
securing food and human wellbeing, while curbing hu-
man-induced biodiversity decline (Pendrill et al., 2022).
Agricultural diversification positions in the forefront for
this global transformation through the integration of bio-
diversity conservation principles into agriculture (Chap-
lin-Kramer et al., 2023; Zaccari et al., 2023). As the
post-2020 GBF highlights, integrating biodiversity con-
servation and agricultural productivity requires moni-
toring capabilities to build reproducible assessments
of (agro)biodiversity based on high resolution field data
(CBD, 2022). Acoustic monitoring has been widely used
to track species movement and occurrence. Radar and
LiDAR are applied for insect-related energy and bio-
mass flux quantification, molecular methods such as
eDNA can help to better understand species interac-
tion networks, and computer vision can provide high
resolution information on ecosystem services such as
pollination and pest control (van Klink et al., 2022).

Computer vision-based technologies are slowly replac-
ing traditional biodiversity monitoring methods such
as camera traps. While embedded Al-based methods
that process data in real-time with limited power con-
sumption exist, most commercial devices are still in
early development stages. A recently developed por-
table, low-power, modular, embedded vision camera
system provides high-resolution, long-term, real-time
data based on standardised sampling methods (Darras
et al., 2024). This system can: (i) non-invasively monitor
various taxa for different applications across disciplines;
(i) reach high temporal resolution and coverage with so-
lar power and be scaled up spatially due to its moderate
cost and size; (iii) analyse images in real-time using es-
tablished computer vision algorithms and performance
assessment workflows that standardise observation
results, and thus (iv) link specific detections to real-time
reactions for intervening in environmental processes.
The system is well-suited to reveal new species interac-
tions and benefits in well-established crops, linking bio-
diversity conservation and agricultural productivity (see
www.econect.biz for more details). It specifically aids
biodiversity conservation, as standardised methods
and data integration are needed to document the status
quo and assess impacts from environmental pressures.

Cocoa (Theobroma cacao L., a multi-billion USD
crop grown in global biodiversity hotspots by over 5
million smallholder farmers, offers a good example of
how this system can be used. Although pollination
enhancement can increase yields and farmer profits
in emerging and leading cocoa producing regions by
up to 700% (Toledo-Hernandez et al., 2023), little is
known about cocoa’s small pollinators including dip-
tera and thysanoptera, and how agricultural diversi-
fication helps to protect them and their habitats (To-
ledo-Hernandez et al., 2017). Recent monitoring of
cocoa pollinators with the aforementioned Al-based
camera devices has allowed tracking in real time
for a wide range of previously unknown pollinators
(Darras et al., 2024; Figure 4.1). Al-based monitor-
ing thus offers opportunities to enhance crop yields
in sustainable production systems that can protect
biodiversity and improve livelihoods of farmers while
securing supplies of an important commodity crop.
Intuitively, these benefits are not limited to tropical
tree crops such as cocoa but can also be applied
to monitor agricultural systems in the Mediterranean,
such as rape seed oil pollinators and production or
biodiversity benefits of olive orchards. Ultimately,
methods and case studies like this can help to de-
velop standardised, quantitative, and high-resolution
indicator-based monitoring metrics for the post-2020
GBF, which will also support advancing COP27 com-
mitments towards climate-resilient and sustainable
agri-food systems in the future (Wanger et al., 2020).

Figure 4.1. Embedded vision cameras (a) recorded
in real time the cocoa pollination process carried out
by midge flies (Ceratopogonid, Diptera) © Manuel
Toledo Hernandez; (b) by previously unknown cocoa
flower-visiting arthropods and interactions in agroforestry

systems of China and Brazil © Wenxiu Xu


https://www.econect.biz/
https://www.tomcwanger.com/cocoaflowervistors
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4.5. Key messages

m Well-managed, diverse agricultural production m In order to move towards a future where biodi-

landscapes can support biodiversity. Howev-
er, the expansion of homogenised landscapes
through monocultures and the loss of natural
habitat remnants pose significant threats to bio-
diversity and ecosystem services. Intensive pro-
duction methods exacerbate these threats by
further reducing landscape diversity.

Addressing the coexistence of agriculture and
biodiversity in the Mediterranean requires a mul-
tifaceted approach that considers historical land
use, modern agricultural developments, and
cross-disciplinary perspectives on the desired
state of biodiversity.

A balanced integration of agriculture and bio-
diversity conservation is essential for sustain-
able development in the Mediterranean region.
Achieving this balance necessitates coordinat-
ed efforts across various sectors and disciplines
to support agro-ecological research, practice,
and policy, thereby overcoming existing gaps in
knowledge and implementation.

versity conservation and agriculture are recon-
ciled, three critical aspects must be prioritised:
including stakeholders in decision-making,
mainstreaming sustainable practices and pro-
tecting biodiversity.

By involving local communities in agricultural
landscapes, mainstreaming sustainable farm-
ing strategies and traditional practices, and
addressing threats to biodiversity, the Mediter-
ranean can continue to be a region where ag-
riculture and biodiversity conservation coexist
harmoniously.
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Conclusions a_nd
recommendations

5.1. Overview of this report

This report has explored the relationship between
species conservation and agriculture in three ways.
First, by providing a review of the conservation sta-
tus, threats and habitats of species assessed on the
IUCN Red List in the Mediterranean, and the role of
agriculture as both a threat and a habitat for those
species (Chapter 2). The IUCN Red List assessment
of over 4,400 Mediterranean species reveals that
26% are threatened with extinction (CR, EN or VU).
The outlook is even more worrying for freshwater
species (50% threatened) and Crop Wild Relatives
(88% threatened). The results confirm agriculture as a
key threat to species, while at the same time provid-
ing suitable habitat for 18% of species. Specifically,
intensive practices such as monocultures and un-
sustainable overgrazing impact habitats and threaten
species survival. However, the Red List data does not
provide high-enough resolution information to deter-
mine which specific agricultural practices are better
or worse for species conservation. A land systems
analysis shows that, in particular, Agro-silvo-pastoral
mosaic and Open and bare grazing landscapes sup-
port a wide variety of species (Chapter 2).

In Chapter 3, we explored large-scale opportunities
to reduce regional species extinction risk through the
abatement of agricultural threats in the Mediterra-
nean, by calculating the first Species Threat Abate-
ment and Restoration (STAR) metric for the region.
This analysis identifies large-scale areas with high
agricultural impact where the mitigation of agricul-
ture-related threats would yield the most significant
conservation gains. High STAR scores in regions
like southern Spain, Greece, and TUrkiye emphasise
the need for targeted actions against threats such
as intensive livestock farming, which alone contrib-
utes over 55% to species extinction risk in the re-

gion. Finally, we provide an overview of how agro-
ecology can support biodiversity conservation in the
Mediterranean. Agroecological practices, including
crop diversification and agroforestry, as well as sus-
tainable grazing and pastoralism, are highlighted as
essential tools for sustainable agriculture (Chapter
4). Case studies on biodiversity-friendly olive grove
management (Box 4.1) and Al-based monitoring for
pest control (Box 4.2) provide tangible examples of
how agroecology can support both biodiversity and
agricultural production.

This final Chapter explores synergies between biodi-
versity conservation commitments acquired by coun-
tries through international and regional policy and sus-
tainable agricultural policies (Section 5.2) and provides
some final conclusions and recommendations emerg-
ing from the work presented in this report (Section 5.3).

5.2. Conservation commitments
and sustainable agriculture
policies in the Mediterranean

Approaches to develop a more sustainable agricul-
ture that can support biodiversity conservation in the
Mediterranean will vary depending on the socio-eco-
nomic and political context within each country of
the region. To strengthen, for example, the imple-
mentation of the CAP and EU Nature Restoration
Regulation, measurable biodiversity objectives and
regionally tailored incentives should guide agricul-
tural practices, with lessons drawn from successful
models like Olivares Vivos in Spain (Box 4.1). North
African initiatives, such as Tunisia’s Sustainable De-
velopment Strategy, should integrate biodiversity
monitoring systems (e.g., Al-based tools in Box 4.2)
to scale up conservation efforts efficiently. The STAR
metric results highlight high-priority areas for conser-



Wildflower border along the edge of an agricultural field in the province of Ciudad Real, Castile-La Mancha, Spain.

© “Aldea del Rey” by Miguel Angel Prieto Ciudad is licensed under CC BY-NC-SA 2.0.

vation actions and investments, bridging the CAP’s
Green Architecture goals with action in high-biodiver-
sity areas (Chapter 4).

Integrating agroecological principles into National
Biodiversity Strategies and Action Plans (NBSAPSs)
and other biodiversity policies will enhance alignment
between conservation and food production goals
(Tscharntke et al., 2021; FAO 2023, 2024). A coherent
approach is needed to integrate biodiversity conser-
vation goals with agricultural policies, ensuring that
agroecological principles are embedded in biodiversi-
ty funding, research, and monitoring frameworks, and
allowing them to permeate into the food market through
increased awareness among consumers. To support
such policies, accountability measures for agricultural
impacts on biodiversity should be complemented by
subsidies, financial incentives and technical support
for producers adopting biodiversity-friendly practic-
es, such as those promoted by agri-environmental
schemes (Batary et al.,, 2015; Pe’er et al., 2022). More-
over, agri-environmental policies and agroecological
strategies can simultaneously help to achieve climate
goals and obligations, and such synergies should be
explored (Hodge et al., 2015).

Finally, developing robust biodiversity indicators that
can track the impacts and benefits of various agri-
cultural systems - including agroecology, organic
farming, and conventional agriculture - will provide a
clearer understanding of their role in species conser-
vation and ecosystem services (Mufoz Canas, 2025).

European Mediterranean

In EU countries, CAP offers mechanisms to support
biodiversity. Policies such as the CAP’s “Green Ar-
chitecture” encourage agroecological practices, like
agroforestry and habitat corridors, which align well
with findings on species-specific needs in agricultural
landscapes (Chapter 4.4). Additionally, the EU Biodi-
versity Strategy and the European Green Deal aim to
enhance conservation within the agricultural sector,
focusing on climate resilience, ecosystem services
and species conservation - goals that align closely
with the STAR metric results identifying high-priori-
ty areas for threat abatement. In particular, the EU
Nature Restoration Regulation (2024) sets out spe-
cific targets for agricultural ecosystems, which also
provide a good framework to target more sustainable
practices in priority areas.

North Africa

In non-EU Mediterranean countries, frameworks like
the GBF provide a foundation for integrating biodiver-
sity conservation with agricultural development. North
African policies, such as Morocco’s Green Morocco
Plan and Tunisia’s National Strategy for Sustainable
Development, prioritise sustainable agriculture and
climate adaptation, aligning with agroecological rec-
ommendations from Chapters 3 and 4. These poli-
cies can further benefit from targeted actions in areas
with high STAR scores to support biodiversity in crit-
ical hotspots, particularly within agro-silvo-pastoral
systems that dominate these regions.


https://www.flickr.com/photos/132475948@N05/44623803172
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5.3. Recommendations

— Encourage biodiversity-friendly agriculture: — Address monitoring gaps through technol-

Promote the adoption of agroecological practices
that support biodiversity, such as crop diversifica-
tion, integrated pest management, and sustain-
able grazing. Policies like the CAP should prioritise
these practices to enhance ecosystem services
and species conservation across agricultural land-
scapes (Chapter 4). Box 5.1 provides a strategic
road map to integrate biodiversity conservation
into sustainable agriculture.

Align policy frameworks across regions: Facil-
itate coordination between the EU’s CAP policies
and North African agricultural strategies to ensure
a consistent approach to biodiversity across the
Mediterranean. Emphasising agroecology within
CAP’s Green Architecture and actions to imple-
ment the GBF could enhance resilience and sus-
tainability in both EU and non-EU countries of the
Mediterranean (Section 5.2). Moreover, there exists
an opportunity to seek and take advantage of syn-
ergies between climate and biodiversity strategies.
Collaborative frameworks between EU and North
African countries, supported by cross-border re-
search initiatives, can align conservation priorities
with agricultural reforms (Maas et al., 2019).

Strengthen local knowledge, capacity and
engagement: Support knowledge-sharing net-
works for farmers and stakeholders to access
best practices in biodiversity-friendly farming.
Programmes that enhance farmer education and
engagement, particularly in remote areas, can
help to build long-term capacity for sustainable
agriculture (Box 5.1). At the same time, it is nec-
essary to integrate local and traditional knowledge
into wider agricultural strategies and policies, and
where necessary establish measures to ensure
the viability and resilience of traditional practices
and protect livelihoods (Aguilera et al., 2020). Ca-
pacity-building programs that integrate traditional
knowledge with modern practices are vital for fos-
tering local ownership of biodiversity-friendly farm-
ing initiatives (Pantera et al., 2021).

ogy: Implement real-time biodiversity monitoring
systems, such as Al-based environmental moni-
toring, to track changes in biodiversity and eco-
system health. Such tools can support adaptive
management in agricultural landscapes, improving
responsiveness to biodiversity pressures (Box 5.2).
Regional investments should prioritise monitoring
infrastructure, enabling real-time biodiversity as-
sessments. Al technologies can standardise data
collection and inform adaptive management in dy-
namic agroecosystems (Wanger et al., 2020).

Prioritise action in high-risk areas: Focus
conservation resources on areas with high STAR
scores to effectively address species extinction
risk. Regional conservation funds should priori-
tise threat abatement actions tailored to specific
agricultural practices, particularly in regions like
southern Spain, the Eastern Mediterranean, and
North Africa’s agro-silvo-pastoral landscapes,
where biodiversity is most at risk (see STAR find-
ings in Chapter 3).

Future research on biodiversity conservation
and sustainable agriculture in the Mediterra-
nean should focus on integrated land-use plan-
ning and maximising specific opportunities in the
Mediterranean (Box 5.2).
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BOX 5.1. A strategic roadmap to integrate biodiversity
conservation with sustainable agriculture
in the Mediterranean (modified from Wanger et al., 2020)

Protect biodiversity

1.

Promote active conservation measures within ag-
ricultural landscapes, such as establishing eco-
logical corridors, restoring and protecting key
habitats, and implementing species-specific con-
servation programmes to ensure that biodiversity
conservation is directly integrated into agricultural
planning and practice.

Build agri-food systems that internalise negative
externalities and spillover effects affecting biodi-
versity, to make producers accountable for costs.

Develop mechanistic models and indicators that
integrate ecological, socio-economic, and cultur-
al dimensions, emphasising the multifunctionality
of landscapes benefitting biodiversity and associ-
ated ecosystem services. Enhance these models
through data integration from research networks
for systematic biodiversity inventories.

Use technological innovations for active biodiversi-
ty conservation, including real-time monitoring and
adaptive management strategies, to assess, avoid,
minimise, and mitigate environmental impacts.

Establish long-term experiments to study interac-
tions between farm and landscape diversification
effects on socioecological systems with biodiver-
sity benefits.

Include people

6.

10.

Consider socio-economic links between farm-lev-
el biodiversity and food security, particularly in-
cluding Crop Wild Relatives, wild harvested plant
and crop landrace conservation as a foundation
for future sustainable agricultural practices.

Ensure effective communication with farmers and
provide incentives for them to implement agro-
ecological production, while facilitating the wider
integration of traditional knowledge and practices.

Build on existing diversification research to further
improve the relationships between sustainability
and productivity in diversified systems through
effective land-use planning.

Quantify the trade-offs in agroecological practic-
es and include aspects of good quality of life (e.g.,
health, happiness, and profitability).

Review options for adding value and niche mar-
ket creation for crop landrace production to pro-
mote more sustainable agricultural practices.

Mainstreaming implementation

1.

12.

13.

14.

15.

Determine effects of eco-certification encour-
aging agroecological production on biodiversity
and socioecological systems.

Understand social, power, and value barriers to
facilitate a transition from conventional to agro-
ecological production systems.

Use and improve indicators to measure com-
prehensive agricultural systems performance,
beyond production.

Quantify diversification effects on supply chain
actors and identify obstacles for implementation.

Understand links between traditional agroeco-
logical production and local and global markets.
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BOX 5.2. Future research needs for biodiversity conservation

and sustainable agriculture in the Mediterranean
(modified from Maas et al., 2021 and Zaccari et al., 2023)

Integrated land-use planning:

1‘

Agroecological practices: Investigate the eco-
logical, economic, and social outcomes of agro-
ecological practices, focusing on their scalability
and adaptability across different contexts.

Biodiversity-friendly farming systems: Ex-
amine the effectiveness of biodiversity-friendly
practices across various agri-food systems, from
intensive to extensive, and their impact on differ-
ent taxonomic groups.

Climate adaptation strategies: Explore the re-
silience of agroecological and diversified farming
systems to climate variability, emphasising water
conservation and soil health.

Socio-economic impacts: Assess the socio-
economic implications of transitioning to sustain-
able agricultural practices, including the viability
for smallholders and the role of policy incentives.

Habitat connectivity and landscape integrity:
Incorporate strategies for maintaining and enhanc-
ing habitat connectivity within agricultural land-
scapes in order to prevent biodiversity loss. This
includes preserving landscape integrity by avoid-
ing further fragmentation and integrating conser-
vation goals into land-use planning processes.

Specific opportunities
in the Mediterranean:

6.

Traditional knowledge integration: Leverage
the region’s rich history of traditional agricultural
practices to inform modern agroecological methods.

Policy innovation: Utilise the Mediterranean’s
varied policy landscapes to pilot and upscale ef-
fective biodiversity conservation strategies within
agricultural policies.

Cross-border collaboration: Foster collabo-
ration among Mediterranean countries to share
knowledge, innovations, and best practices in sus-
tainable agriculture and biodiversity conservation.

Community engagement: Engage local com-
munities, farmers, and stakeholders in co-creat-
ing solutions that address local biodiversity and
agricultural challenges.

10. Conservation of endemic and threatened

species: Focus on the conservation of endemic
and threatened species unique to the Mediter-
ranean region by integrating species-specific
management plans into agricultural practices.
This ensures that biodiversity conservation ef-
forts are tailored to the unique ecological con-
text of the region.



3

Savi's warbler (Locustella lus
Least Concern (LC) at the global a
pictured here in an agricult Id in Albufera
Natural Park, Valencia, Spain (Bi International,
2021d, 2024b). © An ugue Montero

y i



References

Common pheasant (Phasianus colchicus) on agricultural land
in the Po Delta, Italy. © “Common Pheasant (Phasianus colchicus)

on agricultural land in the Po Delta, Italy” by Gregoire Dubois
is licensed under CC BY-NC-SA 2.0.

Aguilera, E., Diaz-Gaona, C., Garcia-Laureano, R., Reyes-Palomo, C., Guzman, G. I., Ortolani, L., & Rodriguez-Estevez, V.
(2020). Agroecology for adaptation to climate change and resource depletion in the Mediterranean region. A Review.
Agricultural Systems, 181, 102809. https://doi.org/10.1016/j.agsy.2020.102809

Algarra Avila, J. A., Blanca, G. & Ruiz Girela, M. (2011). Erodium rupicola. The IUCN Red List of Threatened Species 2011:
e.T162257A5565330. https:/dx.doi.org/10.2305/IUCN.UK.2011-1.RLTS.T162257A5565330.en. Accessed on 10 August 2024.

Altieri, M. A., Nicholls, C. I., Henao, A., & Lana, M. A. (2015). Agroecology and the design of climate change-resilient farming
systems. Agronomy for Sustainable Development, 35(3), 869-890. https:/doi.org/10.1007/s13593-015-0285-2

Balkrishna, A., Sharma, G., Sharma, N., Kumar, P., Mittal, R., & Parveen, R. (2021). Global perspective of agriculture systems:
From ancient times to the modern era. In A. Balkrishna (Ed.) Sustainable Agriculture for Food Security (1% ed., pp. 3-45).
Apple Academic Press. https:/doi.org/10.1201/9781003242543

Balzan, M. V., Sadula, R., & Scalvenzi, L. (2020). Assessing ecosystem services supplied by agroecosystems in Mediterranean
Europe: A literature review. Land, 9(8), 245. https://doi.org/10.3390/1and9080245

Batary, P,, Dicks, L. V., Kleijn, D. & Sutherland, W. J. (2015). The role of agri-environment schemes in conservation and
environmental management. Conservation Biology, 29(49), 973-1254. https://doi.org/10.1111/cobi.12536
Benton, T. G., Bieg, C., Harwatt, H., Pudasaini, R., & Wellesley, L. (2021). Food system impacts on biodiversity loss:

Three levers for food system transformation in support of nature. Energy, Environment and Resources Programme,
The Royal Institute of International Affairs Chatham House.

https:/www.chathamhouse.org/2021/02/food-system-impacts-biodiversity-loss

Bilz, M. (2011). Crocus hartmannianus. The IUCN Red List of Threatened Species 2011: e T161878A5508092.
https://dx.doi.org/10.2305/IUCN.UK.2011-1.RLTS.T161878A5508092.en. Accessed on 16 August 2024.

Bilz, M., Kell, S. P, Maxted, N., & Lansdown, R. V. (2011). European Red List of Vascular Plants. Publications Office of the
European Union. https:/data.europa.eu/doi/10.2779/8515
Biovision (2019). Agroecology Info Pool. https:/www.agroecology-pool.org/agroecology/

BirdLife International (2019). Ardea cinerea. The IUCN Red List of Threatened Species 2019: e T22696993A154525233.
https://dx.doi.org/10.2305/IUCN.UK.2019-3.RLTS . T22696993A154525233.en. Accessed on 12 November 2025.

BirdLife International (2021a). Oenanthe hispanica (Europe assessment). The IUCN Red List of Threatened Species 2021:
e.122710302A166358508. https:/dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22710302A166358503.en.
Accessed on 17 November 2024.

BirdLife International (2021b). Egretta garzetta (Europe assessment). The IUCN Red List of Threatened Species 2021:
e.162774969A166459851. https:/dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T62774969A166459851.en.
Accessed on 14 October 2024.

BirdLife International (2021c). Ardea cinerea (Europe assessment). The IUCN Red List of Threatened Species 2021:
e.T22696993A166317370. https:/dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22696993A166317370.en.
Accessed on 12 November 2025.

BirdLife International (2021d). Locustella luscinioides (Europe assessment). The IUCN Red List of Threatened Species 2021:
e.122714684A166374120. https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS T22714684A166374120.en. Accessed on 12
November 2025.

BirdLife International (2024a). Oenanthe hispanica. The IUCN Red List of Threatened Species 2024: e T22710302A264556297.
https:/dx.doi.org/10.2305/IUCN.UK.2024-2.RLTS.T22710302A264556297.en. Accessed on 17 November 2024.


https://doi.org/10.1016/j.agsy.2020.102809
https://dx.doi.org/10.2305/IUCN.UK.2011-1.RLTS.T162257A5565330.en
https://doi.org/10.1007/s13593-015-0285-2
https://doi.org/10.1201/9781003242543
https://doi.org/10.3390/land9080245
https://doi.org/10.1111/cobi.12536
https://www.chathamhouse.org/2021/02/food-system-impacts-biodiversity-loss
https://dx.doi.org/10.2305/IUCN.UK.2011-1.RLTS.T161878A5508092.en
https://data.europa.eu/doi/10.2779/8515
https://www.agroecology-pool.org/agroecology/
https://dx.doi.org/10.2305/IUCN.UK.2019-3.RLTS.T22696993A154525233.en
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22710302A166358503.en
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T62774969A166459851.en
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22696993A166317370.en
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22714684A166374120.en
https://dx.doi.org/10.2305/IUCN.UK.2024-2.RLTS.T22710302A264556297.en
https://www.flickr.com/photos/63019250@N03/28691834173
https://www.flickr.com/photos/63019250@N03/28691834173
https://www.flickr.com/photos/63019250@N03
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse

67|

BirdLife International (2024b). Locustella luscinioides. The IUCN Red List of Threatened Species 2024: e T22714684A264528269.
https://dx.doi.org/10.2305/IUCN.UK.2024-2.RLTS.T22714684A264528269.en. Accessed on 12 November 2025.

BirdLife International (2025a). Bubulcus ibis. The IUCN Red List of Threatened Species 2025: e T22697109A280979746.
https://dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS T22697109A280979746.en. Accessed on 13 August 2025.

BirdLife International (2025b). Egretta garzetta. The IUCN Red List of Threatened Species 2025: e T62774969A154819214.
https://dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS.T62774969A154819214.en. Accessed on 15 November 2025.

Bohan, D. A, Richter, A., Bane, M., Therond, O. & Pocock, M. J. O. (2022). Farmer-led agroecology for biodiversity with climate
change. Trends in Ecology & Evolution, 37(11), 927-930. https:/doi.org/10.1016/j.tree.2022.07.006

Bond, W. J. (2019). Open Ecosystems: Ecology and evolution beyond the forest edge. Oxford University Press.
https://doi.org/10.1093/0s0/9780198812456.001.0001

Boudot, J.-P (2018). Calopteryx exul. The IUCN Red List of Threatened Species 2018: e T60287A72725790.
https:/dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS .T60287A72725790.en. Accessed on 9 August 2024,

Boutagayout, A., Hamdani, A. & Adiba, A. (2025) Advancing Agroecology for Sustainable Water Management: A Comprehensive
Review and Future Directions in North African Countries. Water Conservation Science and Engineering, 10, 22.
https:/doi.org/10.1007/s41101-025-00350-7

Caballero, R., Fernandez-Gonzalez, F., Perez Badia, R., Molle, G., Roggero, P. P,, Bagella, S., D'Ottavio, P., Papanastasis, V. P,,
Fotiadis, G., Sidiropoulou, A., & Ispikoudis, I. (2011). Grazing Systems and Biodiversity in Mediterranean Areas: Spain,
ltaly and Greece. Pastos, 39(1), 9-154. https:/polired.upm.es/index.php/pastos/article/view/1712

Cannucci, S., Fanfarillo, E., Maccherini, S. et al. (2025) Mediterranean farmland ponds as unique habitats for plant diversity
across different pondscapes. Hydrobiologia. https://doi.org/10.1007/s10750-025-05884-4

Cano, D., Martinez-Nunez, C., Perez, A. J., Salido, T., & Rey, P. J. (2022). Small floral patches are resistant reservoirs of wild
floral visitor insects and the pollination service in agricultural landscapes. Biological Conservation, 276, 109789.
https://doi.org/10.1016/j.biocon.2022.109789

Carlile, R., & Garnett, T. (2021). What is agroecology? TABLE Explainer Series. TABLE, University of Oxford, Swedish
University of Agricultural Sciences and Wageningen University & Research. https://www.tabledebates.org/sites/default/
files/2021-06/What%20is%20agroecology_0.pdf

Caro, T., Rowe, Z., Berger, J., Wholey, P., & Dobson, A. (2022). An inconvenient misconception: Climate change is not
the principal driver of biodiversity loss. Conservation Letters, 15(3), 12868. https:/doi.org/10.1111/conl.12868

Carpenter, S. R., Mooney, H. A., Agard, J., Capistrano, D., DeFries, R. S., Diaz, S., & Whyte, A. (2009). Science for managing
ecosystem services: Beyond the Millennium Ecosystem Assessment. Proceedings of the National Academy of
Sciences, 106(5), 1305-1312. https://doi.org/10.1073/pnas.0808772106

Castafieda-Alvarez, N. P., Khoury, C. K., Achicanoy, H. A., Bernau, V., Dempewolf, H., Eastwood, R. J., Guarino, L., Harker, R.
H., Jarvis, A., Maxted, N., Mdller, J. V., Ramirez-Villegas, J., Sosa, C. C., Struik, P. C., Vincent, H., & Toll, J. (2016). Global
conservation priorities for crop wild relatives. Nature Plants, 2(4), 1-6. https://doi.org/10.1038/nplants.2016.22

CBD (2020). Global Biodiversity Outlook 5. Secretariat of the Convention on Biological Diversity. Montreal. https:/www.cbd.int/gbo5

CBD (2022). Decision adopted by the Conference of the Parties to the Convention on Biological Diversity 15/4. Kunming-
Montreal Global Biodiversity Framework. https:/www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf

CEPF (2017). Ecosystem Profile for the Mediterranean Basin Hotspot. Critical Ecosystem Partnership Fund (CEPF).
https://www.cepf.net/sites/default/files/mediterranean-basin-2017-ecosystem-profile-english_2.pdf

Chaplin-Kramer, R., Neugarten, R. A., Sharp, R. P.,, Collins, P. M., Hole, D., Schuster, R., Strimas-Mackey, M., Mulligan, M.,
Brandon, C., Diaz, S., Fluet-Chouinard, E., Gorenflo, L., Johnson, J. A., Kennedy, C. M., Keys, P. W., Longley-Wood,
K., Mclintyre, P. B., Noon, M., Pascual, U., ... Watson, R. A. (2023). Mapping the planet’s critical natural assets. Nature
Ecology & Evolution, 7, 51-61. https:/doi.org/10.1038/s41559-022-01934-5

Clavé, S. A., Salamanca, O. R., & Rebollo, J. F. V. (2011). Mass tourism development on the Mediterranean coast. Tourism
Geographies, 13(3), 495-501. https:/doi.org/10.1080/14616688.2011.575171

Cole, L. J,, Kleijn, D., Dicks, L. V., Stout, J. C., Potts, S. G., Albrecht, M., & Scheper, J. (2020). A critical analysis of the potential
for EU Common Agricultural Policy measures to support wild pollinators on farmland. Journal of Applied Ecology, 57(4),
681-694. https:/doi.org/10.1111/1365-2664.13572

Costa, A, Silva, B., Jiménez-Navarro, G., Barreiro, S., Melguizo-Ruiz, N., Rodriguez-Pérez, J., & Herrera, J. M. (2020). Structural
simplification compromises the potential of common insectivorous bats to provide biocontrol services against the major
olive pest Prays oleae. Agriculture, Ecosystems & Environment, 287, 106708. https:/doi.org/10.1016/j.agee.2019.106708



https://dx.doi.org/10.2305/IUCN.UK.2024-2.RLTS.T22714684A264528269.en
https://dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS.T22697109A280979746.en
https://dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS.T62774969A154819214.en
https://doi.org/10.1016/j.tree.2022.07.006
https://doi.org/10.1093/oso/9780198812456.001.0001
https://dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T60287A72725790.en
https://doi.org/10.1007/s41101-025-00350-7 
https://polired.upm.es/index.php/pastos/article/view/1712
https://doi.org/10.1007/s10750-025-05884-4
https://doi.org/10.1016/j.biocon.2022.109789
https://www.tabledebates.org/sites/default/files/2021-06/What%20is%20agroecology_0.pdf
https://www.tabledebates.org/sites/default/files/2021-06/What%20is%20agroecology_0.pdf
https://doi.org/10.1111/conl.12868 
https://doi.org/10.1073/pnas.0808772106 
https://doi.org/10.1038/nplants.2016.22
https://www.cbd.int/gbo5
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cepf.net/sites/default/files/mediterranean-basin-2017-ecosystem-profile-english_2.pdf
https://doi.org/10.1038/s41559-022-01934-5
https://doi.org/10.1080/14616688.2011.575171
https://doi.org/10.1111/1365-2664.13572
https://doi.org/10.1016/j.agee.2019.106708 

68 |

Costa, P,, Medinas, D., Silva, B. M., Mira, A., Guiomar, N., Sales-Baptista, E., & Herrera, J. M. (2019). Cattle-driven forest
disturbances impact ensemble composition and activity levels of insectivorous bats in Mediterranean wood pastures.
Agroforestry Systems, 93, 1687-1699. https:/doi.org/10.1007/s10457-018-0275-x

Cuadros-Casanova, |., Cristiano, A., Biancolini, D., Cimatti, M., Sessa, A. A., Mendez Angarita, V. Y., & Marco, M. (2023).
Opportunities and challenges for Common Agricultural Policy reform to support the European Green Deal.
Conservation Biology, 37(3), e14052. https://doi.org/10.1111/cobi.14052

Damianidis, C., Santiago-Freijanes, J. J., Herder, M., Burgess, P., Mosquera-Losada, M. R., Graves, A., & Pantera, A. (2021).
Agroforestry as a sustainable land use option to reduce wildfires risk in European Mediterranean areas. Agroforestry
Systems, 95, 919-929. https:/doi.org/10.1007/s10457-020-00482-w

Darras, K. F. A., Balle, M., Xu, W.,, Yan, Y., Zakka, V. G., Toledo-Hernandez, M., Sheng, D., Lin, W., Zhang, B., Lan, Z., Fupeng,
L., & Wanger, T. C. (2024). Eyes on nature: Embedded vision cameras for terrestrial biodiversity monitoring. Methods in
Ecology and Evolution, 15(12), 2262-2275. https://doi.org/10.1111/2041-210X.14436

Declaration of the International Forum for Agroecology, Nyéléni, Mali: 27 February 2015 (2015). Development, 58, 163-168.
https:/doi.org/10.1057/s41301-016-0014-4

Dempewolf, H., Baute, G., Anderson, J., Kilian, B., Smith, C., & Guarino, L. (2017). Past and Future Use of Wild Relatives
in Crop Breeding. Crop Science, 57(3), 1070-1082. https:/doi.org/10.2135/cropsci2016.10.0885

di Virgilio, A., Lambertucci, S. A., & Morales, J. M. (2019). Sustainable grazing management in rangelands: Over a century
searching for a silver bullet. Agriculture, Ecosystems & Environment, 283, 106561. https://doi.org/10.1016/j.

agee.2019.05.020

Diaz, M., Concepcion, E. D., Morales, M. B., Alonso, J. C., Azcéarate, F. M., Bartomeus, |., Bota, G., Brotons, L., Garcia, D.,
Giralt, D., Gutiérrez, J. E., Lépez-Bao, J. V., Mafhosa, S., Milla, R., Mifiarro, M., Navarro, A., Olea, P. P., Palacin, C., Peco,
B., ... Velado-Alonso, E. (2021). Environmental Objectives of Spanish Agriculture: Scientific Guidelines for their Effective
Implementation under the Common Agricultural Policy 2023-2030. Ardeola, 68(2), 445-460. https://doi.org/10.13157/
arla.68.2.2021.fol

Doblas-Miranda, E., Alonso, R., Arnan, X., Bermejo, V., Brotons, L., Heras, J., & Retana, J. (2017). A review of the combination
among global change factors in forests, shrublands and pastures of the Mediterranean Region: Beyond drought effects.
Global and Planetary Change, 148, 42-54. https://doi.org/10.1016/j.gloplacha.2016.11.012

EEA/UNEP (2004). High nature value farmland. Characteristics, trends and policy challenges. Joint Message EEA/UNEP. EEA
Report, 1. https://www.eea.europa.eu/en/analysis/publications/report 2004 1

El Bilali, H., Cardone, G., Palmisano, G. O., Bottalico, F., & Capone, R. (2020). Mainstreaming of the Sustainable Development
Goals in the Mediterranean: Integration into policies and strategies. AGROFOR, 5(2).
http://dx.doi.org/10.7251/AGRENG2002015E

European Commission (2023). EU Policies on Agroecology. Knowledge for policy. https://knowledge4policy.ec.europa.eu/
global-food-nutrition-security/topic/agroecology/navigation-page/eu-action-agroecology/eu-policies-agroecology_en

European Union (2013). Regulation (EU) No. 1307/2013 of the European Parliament and of the Council of 17 December 2013
Establishing Rules for Direct Payments to Farmers Under Support Schemes within the Framework of the Common
Agricultural Policy and Repealing Council Regulation (EC) No. 637/2008 and Council Regulation (EC) No. 73/2009.
https:/eur-lex.europa.eu/eli/reg/2013/1307/0j/eng

FAO (2018). The 10 elements of agroecology. Guiding the transition to sustainable food and agricultural systems. Rome: FAQO.
https:/openknowledge.fao.org/handle/20.500.14283/i9037en

FAO (2022). Twenty years of Globally Important Agricultural Heritage Systems: Success stories of dynamic conservation
for sustainable rural development. FAO. https://doi.org/10.4060/cc2385en

FAO (2023). The State of Food and Agriculture 2023. Revealing the true cost of food to transform agrifood systems.
Food and Agriculture Organization of the United Nations. https:/doi.org/10.4060/cc7724en

FAO (2024). Agroecology Knowledge Hub. The Food and Agriculture Organization of the United Nations.
http:/www.fao.org/agroecology/home/en/

Gallardo-Lépez, F., Hernandez-Chontal, M. A., Cisneros-Saguilan, P., & Linares-Gabriel, A. (2018). Development of the concept
of agroecology in Europe: A review. Sustainability, 10(4). https:/doi.org/10.3390/su10041210

Garcia-Fernandez, A., Manzano, P., Seoane, J., Azcarate, F. M., Iriondo, J. M., & Peco, B. (2019). Herbivore corridors sustain
genetic footprint in plant populations: A case for Spanish drove roads. Peerd, 7, e7311. https://doi.org/10.7717/peer].7311



https://doi.org/10.1007/s10457-018-0275-x
https://doi.org/10.1111/cobi.14052
https://doi.org/10.1007/s10457-020-00482-w
https://doi.org/10.1111/2041-210X.14436
https://doi.org/10.1057/s41301-016-0014-4
https://doi.org/10.2135/cropsci2016.10.0885
https://doi.org/10.1016/j.agee.2019.05.020
https://doi.org/10.1016/j.agee.2019.05.020
https://doi.org/10.13157/arla.68.2.2021.fo1
https://doi.org/10.13157/arla.68.2.2021.fo1
https://doi.org/10.1016/j.gloplacha.2016.11.012
https://www.eea.europa.eu/en/analysis/publications/report_2004_1
http://dx.doi.org/10.7251/AGRENG2002015E
https://knowledge4policy.ec.europa.eu/global-food-nutrition-security/topic/agroecology/navigation-page/eu-action-agroecology/eu-policies-agroecology_en
https://knowledge4policy.ec.europa.eu/global-food-nutrition-security/topic/agroecology/navigation-page/eu-action-agroecology/eu-policies-agroecology_en
https://eur-lex.europa.eu/eli/reg/2013/1307/oj/eng
https://openknowledge.fao.org/handle/20.500.14283/i9037en
https://doi.org/10.4060/cc2385en
https://doi.org/10.4060/cc7724en
http://www.fao.org/agroecology/home/en/
https://doi.org/10.3390/su10041210
https://doi.org/10.7717/peerj.7311

69 |

Garcia-Nieto, A. P., Geijzendorffer, I. R., Baro, F., Roche, P. K., Bondeau, A., & Cramer, W. (2018). Impacts of urbanization
around Mediterranean cities: Changes in ecosystem service supply. Ecological Indicators, 91, 589-606.
https:/doi.org/10.1016/j.ecolind.2018.03.082

Gardner, E., Breeze, T. D., Clough, Y., Smith, H. G., Baldock, K. C., Campbell, A., & Oliver, T. H. (2021). Field boundary features
can stabilise bee populations and the pollination of mass-flowering crops in rotational systems. Journal of Applied
Ecology, 58(10), 2287-2304. https:/doi.org/10.1111/1365-2664.13948

Gerten, D., Heck, V., Jagermeyr, J., Bodirsky, B. L., Fetzer, ., Jalava, M., & Schellnhuber, H. J. (2020). Feeding ten billion
people is possible within four terrestrial planetary boundaries. Nature Sustainability, 3(3), 200-208.
https://doi.org/10.1038/s41893-019-0465-1

Giagnocavo, C., de Cara-Garcia, M., Gonzalez, M., Juan, M., Marin-Guirao, J. |., Mehrabi, S., Rodriguez, E., van der Blom, J.,
& Crisol-Martinez, E. (2022). Reconnecting Farmers with Nature through Agroecological Transitions: Interacting Niches
and Experimentation and the Role of Agricultural Knowledge and Innovation Systems. Agriculture, 12(2), 2.
https:/doi.org/10.3390/agriculture12020137

Gomez-Moliner, B.J. (2025). Helicella stiparum. The IUCN Red List of Threatened Species 2025: e T9796A220258162.
https:/dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS.T9796A220258162.en. Accessed on 12 September 2025.

Graves, A. R., Burgess, P. J., Palma, J. H. N., Herzog, F., Moreno, G., Bertomeu, M., & Briel, J. P. (2007). Development and
application of bio-economic modelling to compare silvoarable, arable, and forestry systems in three European countries.
Ecological Engineering, 29(4), 434-449. https:/doi.org/10.1016/j.ecoleng.2006.09.018

Guerrero-Casado, J., Carpio, A. J., Tortosa, F. S., & Villanueva, A. J. (2021). Environmental challenges of intensive woody crops:
The case of super high-density olive groves. Science of the Total Environment, 798, 149212.
https:/doi.org/10.1016/j.scitotenv.2021.149212

Gurr, G. M., Lu, Z,, Zheng, X., Xu, H., Zhu, P,, Chen, G., Yao, X., Cheng, J., Zhu, Z., Catindig, J. L., Villareal, S., Van Chien, H.,
Cuong, L. Q., Channoo, C., Chengwattana, N., Lan, L. P., Hai, L. H., Chaiwong, J., Nicol, H. I., ... Heong, K. L. (2016).
Multi-country evidence that crop diversification promotes ecological intensification of agriculture. Nature Plants, 2(3), 1-4.
https://doi.org/10.1038/nplants.2016.14

Haddaway, N. R., Brown, C., Eggers, S., Josefsson, J., Kronvang, B., Randall, N., & Uusi-Kémpp4, J. (2016). The multifunctional
roles of vegetated strips around and within agricultural fields. A systematic map protocol. Environmental Evidence, 5(1), 18.
https://doi.org/10.1186/s13750-016-0067-6

Hajjar, R. & Hodgkin, T. (2007). The use of wild relatives in crop improvement: a survey of developments over the last 20 years.
Euphytica, 156, 1-13. https://doi.org/10.1007/s10681-007-9363-0

He, X., Batary, P., Zou, Y., Zhou, W., Wang, G., Liu, Z., & Wanger, T. C. (2023). Agricultural diversification promotes sustainable
and resilient global rice production. Nature Food, 4(9), 788-796. https://doi.org/10.1038/s43016-023-00836-4

Herrera, J. M., Carvalho, A., Barreiro, S., Jiménez-Navarro, G., Melguizo-Ruiz, N., Beja, P., & Silva, B. (2024). Temporal
mismatches in flight activity patterns between Pipistrellus kuhlii and Prays oleae in olive farms: Implications for biocontrol
services potential. Journal of Applied Ecology, 61, 526-537. https:/doi.org/10.1111/1365-2664.14577

Herrera, J. M., Costa, P., Medinas, D., Marques, J. T., & Mira, A. (2015). Community composition and activity of insectivorous
bats in Mediterranean olive farms. Animal Conservation, 18(6), 557-566. https:/doi.org/10.1111/acv.12209

Herrera, J. M., Silva, B., Jiménez-Navarro, G., Barreiro, S., Melguizo-Ruiz, N., Moreira, F., & Rodriguez-Pérez, J. (2021). A food
web approach reveals the vulnerability of biocontrol services by birds and bats to landscape modification at regional
scale. Scientific Reports, 11(1), 23662. https:/doi.org/10.1038/s41598-021-02768-0

Hill, M. J., White, J. C., Hawkins, J., Binu, N., Baker, E., Greaves, H. M. & Sayer, C. D. (2025). Both pond creation and
restoration provide long term biodiversity gains in agricultural landscapes: implications for conservation. Biological
Conservation, 309, 111279. https:/doi.org/10.1016/].biocon.2025.111279

Hodge, ., Hauck, J. & Bonn, A. (2015). The alignment of agricultural and nature conservation policies in the European Union.
Conservation Biology, 29(4), 973-1254. https://doi.org/10.1111/cobi. 12531

Houssni, M., Kassout, J., El Mahroussi, M., Chakkour, S., Kadiri, M., Ater, M., & Petrisor, A. |. (2023). Evaluation and structuring
of agrodiversity in oases agroecosystems of southern Morocco. Agriculture, 13(7), 1413.
https:/doi.org/10.3390/agriculture13071413

IUCN (2001). IUCN Red List Categories and Criteria: Version 3.1. IUCN.
https:/portals.iucn.org/library/sites/library/files/documents/RL-2001-001.pdf



https://doi.org/10.1016/j.ecolind.2018.03.082
https://doi.org/10.1111/1365-2664.13948
https://doi.org/10.1038/s41893-019-0465-1
https://doi.org/10.3390/agriculture12020137
https://dx.doi.org/10.2305/IUCN.UK.2025-2.RLTS.T9796A220258162.en
https://doi.org/10.1016/j.ecoleng.2006.09.018
https://doi.org/10.1016/j.scitotenv.2021.149212
https://doi.org/10.1038/nplants.2016.14
https://doi.org/10.1186/s13750-016-0067-6
https://doi.org/10.1007/s10681-007-9363-0
https://doi.org/10.1038/s43016-023-00836-4
https://doi.org/10.1111/1365-2664.14577
https://doi.org/10.1111/acv.12209
https://doi.org/10.1038/s41598-021-02768-0
https://doi.org/10.1016/j.biocon.2025.111279
https://doi.org/10.1111/cobi.12531
https://doi.org/10.3390/agriculture13071413
https://portals.iucn.org/library/sites/library/files/documents/RL-2001-001.pdf

70 |

IUCN (2012). Guidelines for Application of IUCN Red List Criteria at Regional and National Levels: Version 4.0. IUCN.
https:/portals.iucn.org/library/sites/library/files/documents/RL-2012-002.pdf

IUCN (2022). IUCN Threats Classification Scheme (Version 3.3). IUCN Red List of Threatened Species.
https:/www.iucnredlist.org/resources/threat-classification-scheme

IUCN (2023). API - [IUCN Red List of Threatened Species. https:/api.iucnredlist.org/

IUCN (2024). IUCN Habitats Classification Scheme (Version 3.1). IUCN Red List of Threatened Species.
https://www.iucnredlist.org/resources/habitat-classification-scheme

IUCN Standards and Petitions Committee (2024). Guidelines for Using the IUCN Red List Categories and Criteria. Version 16.
https:/nc.iucnredlist.org/redlist/content/attachment files/RedListGuidelines.pdf

Jarvis, S., Fielder, H., Hopkins, J., Maxted, N., & Smart, S. (2015). Distribution of crop wild relatives of conservation priority in
the UK landscape. Biological Conservation, 191, 444-451. https:/doi.org/10.1016/j.biocon.2015.07.039

Jose, S. (2009). Agroforestry for ecosystem services and environmental benefits: An overview. Agroforestry Systems, 76, 1-10.
https:/doi.org/10.1007/s10457-009-9229-7

Kadis, C. & Eliades, N.-G. (2015). Centaurea akamantis. The IUCN Red List of Threatened Species 2015: e T61619A3105831.
https:/dx.doi.org/10.2305/IUCN.UK.2015-1.RLTS.T61619A3105831.en. Accessed on 13 October 2024.

Kaloudis, S., Pantera, A., Papadopoulos, A., Galanopoulou, S., & Damianidis, C. (2021). Impact of human and environmental
factors on land cover changes of an oak silvopastoral system. Agroforestry Systems, 95(5), 931-950.
https://doi.org/10.1007/s10457-019-00437-w

Kamau, H., Roman, S., & Biber-Freudenberger, L. (2023). Nearly half of the world is suitable for diversified farming for
sustainable intensification. Communications Earth & Environment, 4, 446. https://doi.org/10.1038/s43247-023-01062-3

Kennerley, R. & Middleton, K. (2022). Mesocricetus auratus. The IUCN Red List of Threatened Species 2022: e T13219A107411865.
https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T13219A107411865.en. Accessed on 4 April 2024.

Kleijn, D., Bommarco, R., Fijen, T. P. M., Garibaldi, L. A., Potts, S. G., & van der Putten, W. H. (2019). Ecological Intensification:
Bridging the Gap between Science and Practice. Trends in Ecology & Evolution, 34(2), 154-166.
https://doi.org/10.1016/j.tree.2018.11.002

Kreitzman, M., Chapman, M., Keeley, K. O., & Chan, K. M. (2022). Local knowledge and relational values of Midwestern
woody perennial polyculture farmers can inform tree-crop policies. People and Nature, 4(1), 180-200.
https://doi.org/10.1002/pan3.10275

Lal, R. (2018). Digging deeper: A holistic perspective of factors affecting soil organic carbon sequestration in agroecosystems.
Global Change Biology, 24(8), 3285-3301. https:/doi.org/10.1111/gcb.14054

Lala, S., Amri, A., & Maxted, N. (2018). Towards the conservation of crop wild relative diversity in North Africa: Checklist, prioritisation
and inventory. Genetic Resources and Crop Evolution, 65(1), 113-124. https://doi.org/10.1007/s10722-017-0513-5

Le Provost, G., Schenk, N. V., Penone, C., Thiele, J., Westphal, C., Allan, E., & Manning, P. (2023). The supply of multiple
ecosystem services requires biodiversity across spatial scales. Nature Ecology & Evolution, 7(2), 236-249.
https:/doi.org/10.1038/s41559-022-01918-5

Lecomte, X., Bugalho, M. N., Catry, F. X., Fernandes, P. M., Cera, A., & Caldeira, M. C. (2024). Ungulates mitigate the effects of
drought and shrub encroachment on the fire hazard of Mediterranean oak woodlands. Ecological Applications, 34(4), e2971.
https:/doi.org/10.1002/eap.2971

Lee, H., Lautenbach, S., Nieto, A. P. G., Bondeau, A., Cramer, W., & Geijzendorffer, I. R. (2019). The impact of conservation
farming practices on Mediterranean agro-ecosystem services provisioning—A meta-analysis. Regional Environmental
Change, 19(8), 2187-2202. https:/doi.org/10.1007/s10113-018-1447-y

Lombardo, L., Farolfi, C., Tombesi, S., Novelli, E., & Capri, E. (2022). Development of a sustainability technical guide
for the Italian olive oil supply chain. Science of The Total Environment, 820, 153332.
https:/doi.org/10.1016/j.scitotenv.2022.153332

Maas, B., Ocampo-Ariza, C., & Whelan, C. J. (2021). Cross-disciplinary approaches for better research: The case of birds
and bats. Basic and Applied Ecology, 56, 132-141. https:/doi.org/10.1016/j.baae.2021.06.010

Maas, B., Toomey, A., & Loyola, R. (2019). Exploring and expanding the spaces between research and implementation in
conservation science. Biological Conservation, 240, 108290. https://doi.org/10.1016/j.biocon.2019.108290



https://portals.iucn.org/library/sites/library/files/documents/RL-2012-002.pdf
https://www.iucnredlist.org/resources/threat-classification-scheme
https://api.iucnredlist.org/
https://www.iucnredlist.org/resources/habitat-classification-scheme
https://nc.iucnredlist.org/redlist/content/attachment_files/RedListGuidelines.pdf
https://doi.org/10.1016/j.biocon.2015.07.039
https://doi.org/10.1007/s10457-009-9229-7
https://dx.doi.org/10.2305/IUCN.UK.2015-1.RLTS.T61619A3105831.en
https://doi.org/10.1007/s10457-019-00437-w
https://doi.org/10.1038/s43247-023-01062-3
https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T13219A107411865.en
https://doi.org/10.1016/j.tree.2018.11.002
https://doi.org/10.1002/pan3.10275
https://doi.org/10.1111/gcb.14054
https://doi.org/10.1007/s10722-017-0513-5
https://doi.org/10.1038/s41559-022-01918-5
https://doi.org/10.1002/eap.2971
https://doi.org/10.1007/s10113-018-1447-y
https://doi.org/10.1016/j.scitotenv.2022.153332
https://doi.org/10.1016/j.baae.2021.06.010
https://doi.org/10.1016/j.biocon.2019.108290

71|

Maestre, F. T., Le Bagousse-Pinguet, Y., Delgado-Baquerizo, M., Eldridge, D. J., Saiz, H., Berdugo, M., Gozalo, B., Ochoa, V.,
Guirado, E., Garcia-Gémez, M., Valencia, E., Gaitan, J. J., Asensio, S., Mendoza, B. J., Plaza, C., Diaz-Martinez, P,
Rey, A, Hu, H.-W., He, J.-Z,, ... Gross, N. (2022). Grazing and ecosystem service delivery in global drylands. Science,
378(6622), 915-920. https://doi.org/10.1126/science.abq4062

Magrach, A., Giménez-Garcia, A., Allen-Perkins, A., Garibaldi, L. A., & Bartomeus, I. (2023). Increasing crop richness and
reducing field sizes provide higher yields to pollinator-dependent crops. Journal of Applied Ecology, 60(1), 77-90.
https://doi.org/10.1111/1365-2664.14305

Mair, L., Amorim, E., Bicalho, M., Brooks, T. M., Calfo, V., de T. Capellao, R., Clubbe, C., Evju, M., Fernandez, E. P., Ferreira, G.
C., Hawkins, F., Jiménez, R. R., Jordao, L. S. B., Kyrkjeeide, M. O., Macfarlane, N. B. W., Mattos, B. C., de Melo, P. H.
A., Monteiro, L. M., Nic Lughadha, E., ... McGowan, P. J. K. (2023). Quantifying and mapping species threat abatement
opportunities to support national target setting. Conservation Biology, 37(1), €14046. https:/doi.org/10.1111/cobi.14046

Mair, L., Bennun, L.A., Brooks, T.M., Butchart, S. H. M., Bolam, F. C., Burgess, N. D., Ekstrom, J. M. M., Milner-Gulland, E.
J., Hoffmann, M., Ma, K., Macfarlane, N. B. W., Raimondo, D. C., Rodrigues, A. S. L., Shen, X., Strassburg, B. B. N,
Beatty, C. R., Gbmez-Creutzberg, C., Iribarrem, A., Irmadhiany, M., Lacerda, E. ... McGowan, P. J. K. (2021). A metric
for spatially explicit contributions to science-based species targets. Nature Ecology & Evolution, 5, 836-844.
https:/doi.org/10.1038/s41559-021-01432-0

Malek, Z., & Verburg, P. (2017). Mediterranean land systems: Representing diversity and intensity of complex land systems in
a dynamic region. Landscape and Urban Planning, 165, 102-116. https:/doi.org/10.1016/j.landurbplan.2017.05.012

Martin, E. A., Dainese, M., Clough, Y., Baldi, A., Bommarco, R., Gagic, V., & Steffan-Dewenter, |. (2019). The interplay of
landscape composition and configuration: New pathways to manage functional biodiversity and agroecosystem
services across Europe. Ecology Letters, 22(7), 1083-1094. https:/doi.org/10.1111/ele. 13265

Martinez-Harms, M. J., Wilson, K. A., Costa, M. D. P,, Possingham, H. P., Gelcich, S., Chauvenet, A., Pliscoff, P., Marquet, P. A.,
& Bryan, B. A. (2021). Conservation planning for people and nature in a Chilean biodiversity hotspot. People and Nature,
3(8), 686-699. https:/doi.org/10.1002/pan3.10200

Massante, J. C., Kébel, M., Pinho, P., Gerhold, P., Branquinho, C., & Nunes, A. (2021). Phylogenetic structure of understorey
annual and perennial plant species reveals opposing responses to aridity in a Mediterranean biodiversity hotspot.
Science of The Total Environment, 761, 144018. https:/doi.org/10.1016/j.scitotenv.2020.144018

Maxted, N., Ford-Lloyd, B. V., Jury, S., Kell, S. & Scholten, M. (2006). Towards a definition of a crop wild relative.
Biodiversity & Conservation, 15, 2673-2685. https://doi.org/10.1007/s10531-005-5409-6

Maxted, N. & Magos Brehm, J. (2023). Maximizing the crop wild relative resources available to plant breeders for crop
improvement. Frontiers in Sustainable Food Systems, 7. https:/doi.org/10.3389/fsufs.2023.1010204

Maxted, N., Magos Brehm, J., Abulaila, K., Al-Zein, M. S., Kehel, Z., & Yazbek, M. (2024). Review of Crop Wild Relative
Conservation and Use in West Asia and North Africa. Plants, 13(10), 1343. https://doi.org/10.3390/plants13101343

Maxted, N. & Vincent, H. (2021). Review of congruence between global crop wild relative hotspots and centres of crop origin/
diversity. Genetic Resources and Crop Evolution, 68(4), 1283-1297. https://doi.org/10.1007/s10722-021-01114-7

McAdam, J. H., Burgess, P. J., Graves, A. R., Rigueiro-Rodriguez, A., Mosquera-Losada, M. R. (2009). Classifications and
Functions of Agroforestry Systems in Europe. In A. Rigueiro-Rodroguez, J. McAdam & M. R. Mosquera-Losada (Eds)
Agroforestry in Europe. Current Status and Future Prospects (pp. 21-41). Advances in Agroforestry (ADAG, volume 6).
Dordrecht, Netherlands: Springer. https:/doi.org/10.1007/978-1-4020-8272-6 2

Medail, F., & Quezel, P. (1997). Hot-spots analysis for conservation of plant biodiversity in the Mediterranean Basin.
Annals of the Missouri Botanical Garden, 84(1),112-127. https.//doi.org/10.2307/2399957

Migliorini, P., Gkisakis, V., Gonzalvez, V., Raigon, M. D., & Barberi, P. (2018). Agroecology in Mediterranean Europe: Genesis,
state and perspectives. Sustainability, 10(8), 2724. https://doi.org/10.3390/su10082724

Mittermeier, R. A., Gil, P. R., Hoffmann, M., Pilgrim, J., Brooks, T., Mittermeier, C. G., Lamoreux, J. & Da Fonseca, G. A. B.
(2004). Hotspots Revisited: Earth’s Biologically Richest and Most Endangered Terrestrial Ecoregions. University of
Chicago Press for Conservation International.

Moreira, F., Herrera, J. M., & Beja, P. (2019). Making olive oil sustainable. Science, 365(6456), 873-873.
https://doi.org/10.1126/science.aay7899

Morgado, R., Ribeiro, P. F.,, Santos, J. L., Rego, F., Beja, P., & Moreira, F. (2022). Drivers of irrigated olive grove expansion
in Mediterranean landscapes and associated biodiversity impacts. Landscape and Urban Planning, 225, 104429.
https:/doi.org/10.1016/j.landurbplan.2022.104429



https://doi.org/10.1126/science.abq4062
https://doi.org/10.1111/1365-2664.14305
https://doi.org/10.1111/cobi.14046
https://doi.org/10.1038/s41559-021-01432-0
https://doi.org/10.1016/j.landurbplan.2017.05.012
https://doi.org/10.1111/ele.13265
https://doi.org/10.1002/pan3.10200
https://doi.org/10.1016/j.scitotenv.2020.144018
https://doi.org/10.1007/s10531-005-5409-6
https://doi.org/10.3389/fsufs.2023.1010204
https://doi.org/10.3390/plants13101343
https://doi.org/10.1007/s10722-021-01114-7
https://doi.org/10.1007/978-1-4020-8272-6_2
https://doi.org/10.2307/2399957
https://doi.org/10.3390/su10082724
https://doi.org/10.1126/science.aay7899
https://doi.org/10.1016/j.landurbplan.2022.104429

72|

Morgado, R., Santana, J., Porto, M., Sanchez-Oliver, J. S., Reino, L., Herrera, J. M., & Moreira, F. (2020). A Mediterranean
silent spring? The effects of olive farming intensification on breeding bird communities. Agriculture, Ecosystems &
Environment, 288, 106694. https:/doi.org/10.1016/j.agee.2019.106694

Munoz Cafias, M. (2025) Monitoring land health in agriculture landscapes. Guidance note. Gland, Switzerland: IUCN.
https:/iucn.org/sites/default/files/2025-05/monitoring-land-health-in-agriculture-landscapes-guidance-note.pdf

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B., & Kent, J. (2000). Biodiversity hotspots for conservation
priorities. Nature, 403(6772), 853-858. https://doi.org/10.1038/35002501

Nair, P. R., Kumar, B. M., & Nair, V. D. (2021). An introduction to agroforestry: Four decades of scientific developments.
Cham, Switzerland: Springer. https:/doi.org/10.1007/978-3-030-75358-0

Navarrete, M. (2009). How do farming systems cope with marketing channel requirements in organic horticulture?
The case of market-gardening in southeastern France. Journal of Sustainable Agriculture, 33(5), 552-565.
https:/doi.org/10.1080/10440040902997785

Newbold, T., Oppenheimer, P., Etard, A., & Williams, J. J. (2020). Tropical and Mediterranean biodiversity is disproportionately
sensitive to land-use and climate change. Nature Ecology & Evolution, 4(12), 1630-1638.
https:/doi.org/10.1038/s41559-020-01303-0

Nicholls C. I., Altieri M. A., & Vazquez L. (2016). Agroecology: Principles for the Conversion and Redesign of Farming Systems.
Journal of Ecosystem & Ecography, S5(1). https:/www.omicsonline.org/open-access/agroecology-principles-for-the-
conversion-and-redesign-of-farming-systems-2157-7625-S5-010.pdf

Nieto-Romero, M., Oteros-Rozas, E., Gonzalez, J. A., & Martin-Lépez, B. (2014). Exploring the knowledge landscape of
ecosystem services assessments in Mediterranean agroecosystems: Insights for future research. Environmental Science
& Policy, 37, 121-133. https://doi.org/10.1016/j.envsci.2013.09.003

Nori, J., Maas, B., Brum, F., & Villalobos, F. (2023). Addressing Knowledge Shortfalls in Conservation Science: A long way to go,
as quickly as possible. Biological Conservation, 287, 110314. https:/doi.org/10.1016/j.biocon.2023.110314

Pantera, A., Mosquera-Losada, M. R., Herzog, F., & Den Herder, M. (2021). Agroforestry and the environment. Agroforestry
Systems, 95(5), 767-774.

Paracchini, M. L., Petersen, J. E., Hoogeveen, Y., Bamps, C., Burfield, |., & Swaay, C. (2008). High Nature Value Farmland in
Europe - An Estimate of the Distribution Patterns on the Basis of Land Cover and Biodiversity Data. EUR 23480 EN.
Luxembourg, Luxembourg: Office for Official Publications of the European Communities. https:/dx.doi.org/10.2788/8891

Pausas, J. G., & Bond, W. J. (2020). On the Three Major Recycling Pathways in Terrestrial Ecosystems. Trends in Ecology &
Evolution, 35(9), 767-775. https://doi.org/10.1016/j.tree.2020.04.004

Pe’er, G., Finn, J. A., Diaz, M., Birkenstock, M., Lakner, S., Roder, N., Kazakova, Y., Sumrada, T., Bezak, P, Concepcion, E. D.,
Déanhardt, J., Morales, M. B., Rac, |., Spulerovd, J., Schindler, S., Stavrinides, M., Targetti, S., Viaggi, D., Vogiatzakis,
[. N., & Guyomard, H. (2022). How can the European Common Agricultural Policy help halt biodiversity loss?
Recommendations by over 300 experts. Conservation Letters, 15(6), €12901. https://doi.org/10.1111/conl.12901

Pendrill, F., Gardner, T. A., Meyfroidt, P., Persson, U. M., Adams, J., Azevedo, T., Bastos Lima, M. G., Baumann, M., Curtis, P.
G., De Sy, V., Garrett, R., Godar, J., Goldman, E. D., Hansen, M. C., Heilmayr, R., Herold, M., Kuemmerle, T., Lathuilliere,
M. J., Ribeiro, V., ... West, C. (2022). Disentangling the numbers behind agriculture-driven tropical deforestation.
Science, 377(6611), eabm9267. https:/doi.org/10.1126/science.abm9267

Pefiuelas, J., Janssens, |. A., Ciais, P., Obersteiner, M., & Sardans, J. (2020). Anthropogenic global shifts in biospheric N and P
concentrations and ratios and their impacts on biodiversity, ecosystem productivity, food security, and human health.
Global Change Biology, 26(4), 1962-1985. https://doi.org/10.1111/gcb.14981

Perevolotsky, A. & Seligman, N. G. (1998). Role of Grazing in Mediterranean Rangeland Ecosystems. BioScience, 48(12), 1007-1017.
https:/doi.org/10.2307/1313457

Pinto-Correia, T., Ribeiro, N., & Sa-Sousa, P. (2011). Introducing the montado, the cork and holm oak agroforestry system
of Southern Portugal. Agroforestry Systems, 82, 99-104. https:/doi.org/10.1007/s10457-011-9388-1

Ponti, L., Gutierrez, A.P., Altieri, M.A. (2016). Preserving the Mediterranean Diet Through Holistic Strategies for the Conservation
of Traditional Farming Systems. In M. Agnoletti & F. Emanueli (Eds) Biocultural Diversity in Europe (pp. 453-469).
Environmental History (volume 5). Springer, Cham. https:/doi.org/10.1007/978-3-319-26315-1 24

Quaranta, G., Salvia, R., Salvati, L., Paola, V. D., Coluzzi, R., Imbrenda, V., & Simoniello, T. (2020). Long-term impacts of grazing
management on land degradation in a rural community of Southern ltaly: Depopulation matters. Land Degradation &
Development, 31(16), 2379-2394. https:/doi.org/10.1002/1dr.3583



https://doi.org/10.1016/j.agee.2019.106694
https://iucn.org/sites/default/files/2025-05/monitoring-land-health-in-agriculture-landscapes-guidance-note.pdf
https://doi.org/10.1038/35002501
https://doi.org/10.1007/978-3-030-75358-0
https://doi.org/10.1080/10440040902997785
https://doi.org/10.1038/s41559-020-01303-0
https://www.omicsonline.org/open-access/agroecology-principles-for-the-conversion-and-redesign-of-farming-systems-2157-7625-S5-010.pdf
https://www.omicsonline.org/open-access/agroecology-principles-for-the-conversion-and-redesign-of-farming-systems-2157-7625-S5-010.pdf
https://doi.org/10.1016/j.envsci.2013.09.003
https://doi.org/10.1016/j.biocon.2023.110314
https://dx.doi.org/10.2788/8891
https://doi.org/10.1016/j.tree.2020.04.004
https://doi.org/10.1111/conl.12901
https://doi.org/10.1126/science.abm9267
https://doi.org/10.1111/gcb.14981
https://doi.org/10.2307/1313457
https://doi.org/10.1007/s10457-011-9388-1
https://doi.org/10.1007/978-3-319-26315-1_24
https://doi.org/10.1002/ldr.3583

73|

Rassmussen, L. V., Grass, |., Mehrabi, Z., Smith, O. M., Bezner-Kerr, R., Blesh, J., & Kremen, C. (2024). Joint environmental and
social benefits from diversified agriculture. Science, 384(6691), 87-93. https:/doi.org/10.1126/science.adj1914

Raudsepp-Hearne, C., Peterson, G. D., & Bennett, E. M. (2010). Ecosystem service bundles for analyzing tradeoffs in diverse
landscapes. Proceedings of the National Academy of Sciences, 107(11), 5242-5247.
https://doi.org/10.1073/pnas.0907284107

Rey, P. J., Manzaneda, A. J., Valera, F., Alcantara, J. M., Tarifa, R., Isla, J., & Ruiz, C. (2019). Landscape-moderated biodiversity
effects of ground herb cover in olive groves: Implications for regional biodiversity conservation. Agriculture, Ecosystems
& Environment, 277, 61-73. https://doi.org/10.1016/j.agee.2019.03.007

Rhodes, L. (2016). Vicia esdraelonensis. The IUCN Red List of Threatened Species 2016: e T165431A1082606.
https:/dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T165431A1082606.en. Accessed on 23 August 2024.

Rigal, S., Dakos, V., Alonso, H., Aunin§, A., Benkd, Z., Brotons, L., & Devictor, V. (2023). Farmland practices are driving bird
population decline across Europe. Proceedings of the National Academy of Sciences, 120(21), e2216573120.
https:/doi.org/10.1073/pnas.2216573120

Riva, E. G., Ulrich, W., Batary, P., Baudry, J., Beaumelle, L., Bucher, R., & Birkhofer, K. (2023). From functional diversity to
human well-being: A conceptual framework for agroecosystem sustainability. Agricultural Systems, 208, 103659.
https:/doi.org/10.1016/j.agsy.2023.103659

Romero Zarco, C., Carapeto, A., Pinto Cruz, C., Garcia Murillo, P., Rios Ruiz, S. & Fraga-Arguimbau, P. (2018).
Juncus fernandez-carvajaliae. The IUCN Red List of Threatened Species 2018: e T82123704A82123805.
https:/dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T82123704A82123805.en. Accessed on 12 April 2024.

Ruckelshaus, M. H., Jackson, S. T., Mooney, H. A., Jacobs, K. L., Kassam, K. A. S., Arroyo, M. T., & Ouyang, Z. (2020). The
IPBES global assessment: Pathways to action. Trends in Ecology & Evolution, 35(5), 407-414.
https:/doi.org/10.1016/j.tree.2020.01.009

Sajeev, A,, Eliyan, K. V., Thattantavide, A., Sreedharan, S., & Kumar, A. (2023). Conservation of Wild Food Plants and Crop Wild
Relatives: Planning, Strategies, Priorities, and Legal Frameworks. In A. Kumar, P. Singh, S. Singh, & B. Singh (Eds) Wild
Food Plants for Zero Hunger and Resilient Agriculture (pp. 289-316). Springer Singapore.
https://doi.org/10.1007/978-981-19-6502-9 12

Semenchuk, P, Plutzar, C., Kastner, T., Matej, S., Bidoglio, G., Erb, K. H., & Dullinger, S. (2022). Relative effects of land
conversion and land-use intensity on terrestrial vertebrate diversity. Nature Communications, 13(1), 615.
https:/doi.org/10.1038/s41467-022-28245-4

Smith, A. T., Johnston, C. H., & Temple, H. J. (2010). Lepus europaeus (Mediterranean assessment). The IUCN Red List of
Threatened Species 2010: e.T41280A10431437. https:/dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T41280A45187424.en.
Accessed on 3 October 2024.

Solomou, A. D., & Sfougaris, A. (2021). Contribution of agro-environmental factors to yield and plant diversity of olive grove
ecosystems (Olea europaea L.) in the Mediterranean landscape. Agronomy, 11(1), 161.
https:/doi.org/10.3390/agronomy11010161

Sundseth, K. (2009). Natura 2000 in the Mediterranean Region. Luxembourg: Office for Official Publications of the European
Communities. https:/data.europa.eu/doi/10.2779/77695

Tamburini, G. (2020). Agricultural diversification promotes multiple ecosystem services without compromising yield. Science
Advances, 6, 1715. https:/doi.org/10.1126/sciadv.abal715

Tanksley, S. D., & McCouch, S. R. (1997). Seed Banks and Molecular Maps: Unlocking Genetic Potential from the Wild.
Science, 277(5329), 1063-1066. https:/doi.org/10.1126/science.277.5329.1063

Tarifa, R., Gonzélez-Varo, J. P., Camacho, F. M., Pérez, A. J., Salido, T., & Rey, P. J. (2024). Woodland loss differently affects
seed dispersal by resident and migratory avian frugivores in olive grove-dominated landscapes. Agriculture, Ecosystems
& Environment, 359, 108752. https://doi.org/10.1016/j.agee.2023.108752

Tarifa, R., Martinez-Nufez, C., Valera, F., Gonzalez-Varo, J. P, Salido, T., & Rey, P. J. (2021). Agricultural intensification erodes
taxonomic and functional diversity in Mediterranean olive groves by filtering out rare species. Journal of Applied Ecology,
58(10), 2266-2276. https:/doi.org/10.1111/1365-2664.13970

Thompson, J. D. (2005). Plant evolution in the Mediterranean: Insights for conservation. Oxford University Press.
https:/doi.org/10.1093/0s0/9780198835141.002.0003



https://doi.org/10.1126/science.adj1914
https://doi.org/10.1073/pnas.0907284107
https://doi.org/10.1016/j.agee.2019.03.007
https://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T165431A1082606.en
https://doi.org/10.1073/pnas.2216573120
https://doi.org/10.1016/j.agsy.2023.103659
https://dx.doi.org/10.2305/IUCN.UK.2018-1.RLTS.T82123704A82123805.en
https://doi.org/10.1016/j.tree.2020.01.009
https://doi.org/10.1007/978-981-19-6502-9_12
https://doi.org/10.1038/s41467-022-28245-4
https://dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T41280A45187424.en
https://doi.org/10.3390/agronomy11010161
https://data.europa.eu/doi/10.2779/77695
https://doi.org/10.1126/sciadv.aba1715
https://doi.org/10.1126/science.277.5329.1063
https://doi.org/10.1016/j.agee.2023.108752
https://doi.org/10.1111/1365-2664.13970
https://doi.org/10.1093/oso/9780198835141.002.0003

74 |

Toledo-Hernandez, M., Tscharntke, T., Giannini, T. C., Solé, M. & Wanger, T. C. (2023). Hand pollination under shade trees
triples cocoa yield in Brazil's agroforests. Agriculture, Ecosystems & Environment, 355, 108612.
https://doi.org/10.1016/j.agee.2023.108612.

Toledo-Hernandez, M., Wanger, T. C. & Tscharntke, T. (2017). Neglected pollinators: Can enhanced pollination services improve
cocoa yields? A review. Agriculture, Ecosystems & Environment, 247, 137-148, https://doi.org/10.1016/j.agee.2017.05.021

Torralba, M., Fagerholm, N., Burgess, P. J., Moreno, G., & Plieninger, T. (2016). Do European agroforestry systems enhance
biodiversity and ecosystem services? A meta-analysis. Agriculture, Ecosystems & Environment, 230, 150-161.
https://doi.org/10.1016/j.agee.2016.06.002

Tscharntke, T., Grass, I., Wanger, T. C., Westphal, C., & Batary, P. (2021). Beyond organic farming — harnessing biodiversity-
friendly landscapes. Trends in Ecology & Evolution, 36(10), 919-930. https:/doi.org/10.1016/j.tree.2021.06.010

Tscharntke, T., Grass, |., Wanger, T. C., Westphal, C., & Batary, P. (2022). Prioritise the most effective measures for biodiversity-
friendly agriculture. Trends in Ecology & Evolution, 37(5), 397-398. https:/doi.org/10.1016/j.tree.2022.02.008

Ubach, A., Guardiola, M., Oliver, X., Lockwood, M., Artola, J., & Stefanescu, C. (2023). Spatial gradients and grazing effects of
a transhumant herd on plants and insect herbivores in Pyrenean subalpine grasslands. Journal of Insect Conservation,
27(5), 767-779. https:/doi.org/10.1007/s10841-023-00496-6

UN (2023). The Sustainable Development Goals Report 2023: Special Edition. United Nations Department of Economic and
Social Affairs. https://doi.org/10.18356/9789210024914

van Klink, R., August, T., Bas, Y., Bodesheim, P., Bonn, A., Fossay, F., Hoye, T. T., Jongejans, E., Menz, M. H. M., Miraldo, A.,
Roslin, T., Roy, H. E., Ruczynski, I., Schigel, D., Schaffler, L., Sheard, J. K., Svenningsen, C., Tschan, G. F., Waldchen,
J., ... Bowler, D. E. (2022). Emerging technologies revolutionise insect ecology and monitoring. Trends in Ecology &
Evolution, 37(10), 872-885. https:/doi.org/10.1016/j.tree.2022.06.001

Vasconcelos, S., Pina, S., Herrera, J. M,, Silva, B., Sousa, P., Porto, M., & Beja, P. (2022). Canopy arthropod declines along a
gradient of olive farming intensification. Scientific Reports, 12(1), 17273. https://doi.org/10.1038/s41598-022-21480-1

Vasconcelos, S., Pina, S., Jonsson, M., Heleno, R., Herrera, J. M., Moreira, F., & Beja, P. (2024). Mixed effects of oak woodlands
on biocontrol potential and pest pressure in olive orchards under management intensification. Journal of Pest Science,
97(1), 355-368. https:/doi.org/10.1007/s10340-023-01634-4

Vavilov, N. I. (1926). Centres of origin of cultivated plants. Bulletin of Applied Botany, of Genetics, and Plant Breeding, 16(2), 248.

Vincent, H., Wiersema, J., Kell, S., Fielder, H., Dobbie, S., Castafieda-Alvarez, N. P., Guarino, L., Eastwood, R., Ledn,
B., & Maxted, N. (2013). A prioritized crop wild relative inventory to help underpin global food security. Biological
Conservation, 167, 265-275. https://doi.org/10.1016/j.biocon.2013.08.011

Vizinho, A., Avelar, D., Branquinho, C., Capela Lourenco, T., Carvalho, S., Nunes, A., & Penha-Lopes, G. (2021). Framework for
climate change adaptation of agriculture and forestry in Mediterranean climate regions. Land, 10(2), 161.
https://doi.org/10.3390/land10020161

Walker, B., Holling, C. S., Carpenter, S. R., & Kinzig, A. (2004). Resilience, adaptability and transformability in social-ecological
systems. Ecology and Society, 9(2). https:/doi.org/10.5751/ES-00650-090205

Wanger, T. C., DeClerck, F., Garibaldi, L. A., Ghazoul, J., Kleijn, D., & Klein, A. M. (2020). Integrating agro-ecological production
in a robust post-2020 Global Biodiversity Framework. Nature Ecology & Evolution, 4, 1150-1152.
https:/doi.org/10.1038/s41559-020-1262-y

Wanger, T. C., Raveloaritiana, E., Zeng, S., Gao, H., He, X,, Shao, Y., Wu, P.,, Wyckhuys, K. A. G., Zhou, W., Zou, Y., Zhu, Z., Li,
L., Cen, H,, Liu, Y., & Fan, S. (2024). Co-benefits of agricultural diversification and technology for the environment and
food security in China. Nature Food, 5(12), 965-968. https:/doi.org/10.1038/s43016-024-01075-x

Westrip, J. R. S. & BirdLife International (2022). Falco vespertinus (Mediterranean assessment). The IUCN Red List
of Threatened Species 2022: €. T22696432A210516159. https:/dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.
T22696432A210516159.en. Accessed on 12 August 2024.

Willemse, L. P. M., Hochkirch, A. & Tzortzakaki, O. (2023). Poecilimon mariannae. The IUCN Red List of Threatened Species
2023: e.T68458212A226342106. https:/dx.doi.org/10.2305/IUCN.UK.2023-1.RLTS.T68458212A226342106.en.
Accessed on 24 August 2024.

Willer, H., Travnicek, J., & Schlatter, B. (Eds). (2024). The World of Organic Agriculture. Statistics and Emerging Trends 2024.
Frick, Switzerland: Research Institute of Organic Agriculture FiBL and Bonn, Germany: IFOAM - Organics International.
https:/orgprints.org/id/eprint/52272/



https://doi.org/10.1016/j.agee.2023.108612
https://doi.org/10.1016/j.agee.2017.05.021
https://doi.org/10.1016/j.agee.2016.06.002
https://doi.org/10.1016/j.tree.2021.06.010
https://doi.org/10.1016/j.tree.2022.02.008
https://doi.org/10.1007/s10841-023-00496-6
https://doi.org/10.18356/9789210024914
https://doi.org/10.1016/j.tree.2022.06.001
https://doi.org/10.1038/s41598-022-21480-1
https://doi.org/10.1007/s10340-023-01634-4
https://doi.org/10.1016/j.biocon.2013.08.011
https://doi.org/10.3390/land10020161
https://doi.org/10.5751/ES-00650-090205
https://doi.org/10.1038/s41559-020-1262-y
https://doi.org/10.1038/s43016-024-01075-x
https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T22696432A210516159.en
https://dx.doi.org/10.2305/IUCN.UK.2022-1.RLTS.T22696432A210516159.en
https://dx.doi.org/10.2305/IUCN.UK.2023-1.RLTS.T68458212A226342106.en
https://orgprints.org/id/eprint/52272/

75 |

Yilmaz, E., Gogib, L., Urivelarrea, P., & Demirbas Caglayan, S. (2019). Mobile pastoralism and protected areas: Conflict,
collaboration and connectivity. PARKS, 25.1, 7-24. https://doi.org/10.2305/iucn.ch.2019.parks-25-1ey.en

Zaccari, C., Vivo, R., Pawera, L., Termote, C., Hunter, D., Borelli, T., & Gee, E. (2023). Lessons learned from the Second
International Agrobiodiversity Congress: Adopting agricultural biodiversity as a catalyst for transformative global food
systems. Current Opinion in Environmental Science & Health, 31, 100411. https://doi.org/10.1016/j.coesh.2022.100411

Zair, W., Maxted, N., Brehm, J. M., & Amri, A. (2021). Ex situ and in situ conservation gap analysis of crop wild relative diversity
in the Fertile Crescent of the Middle East. Genetic Resources and Crop Evolution, 68(2), 693-709.
https://doi.org/10.1007/s10722-020-01017-z

Zeder, M. A. (2008). Domestication and early agriculture in the Mediterranean Basin: Origins, diffusion, and impact.
Proceedings of the National Academy of Sciences, 105(33), 11597-11604. https://doi.org/10.1073/pnas.0801317105

Zeng, S., Li, J., & Wanger, T. C. (2023). Agroecology, technology, and stakeholder awareness: Implementing the UN Food
Systems Summit call for action. iScience, 26(9), 107510.

Zohary, D., & Hopf, M. (1993). Domestication of Plants in the Old World (2nd ed.). Oxford, United Kingdom: Clarendon Press.
ISBN 0-19-854795-1.

Zou, Y., Zhao, P, Bianchi, J. J. A. F, Gong, S., Li, L., & Li, J. (2024). Relationship between landscape complexity and ecosystem
services from the perspective of smallholder agroecosystems in China—A review. Cell Reports Sustainability, 1, 100014.
https:/doi.org/10.1016/j.crsus.2023.100014

Zuazo, V. H. D., & Pleguezuelo, C. R. R. (2009). Soil-erosion and runoff prevention by plant covers. A review. Agronomy
for Sustainable Development, 28, 65-86. https:/doi.org/10.1051/agro:2007062



https://doi.org/10.2305/iucn.ch.2019.parks-25-1ey.en
https://doi.org/10.1016/j.coesh.2022.100411
https://doi.org/10.1007/s10722-020-01017-z
https://doi.org/10.1073/pnas.0801317105
https://doi.org/10.1016/j.crsus.2023.100014
https://doi.org/10.1051/agro:2007062

Appendices

All the appendices listed below are available for consultation and download
in the IUCN Library System, under the following link: here.

Appendix 1:

List of species included in this report

The list of species included in this report and their corresponding
Red List Categories and and main biome.

Appendix 2:

List of Crop Wild Relatives in the Mediterranean

The list of Crop Wild Relatives included in this in this report.

Appendix 3:

Crosswalk table to refine species ranges
using Mediterranean land systems data

The correspondence between IUCN habitat classifications and Malek and Verburg (2017)

land use types used to undertake the analyses in Chapter 2.

Appendix 4: STAR Supplementary materials

Appendix 4.1: STAR analysis data and maps

The list of species included in the STAR analysis.

Appendix 4.2:

STAR-t scores of each species per agricultural threat type

The STAR-t scores of each species per agricultural threat type included in this analysis.

Appendix 4.3: Level 3 STAR scores and maps

The STAR scores for Level 3 agricultural threat types and the Level 3 maps.
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