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Short Summary
The project aims to quantify the ecosystem services provided by irrigated croplands to ecological focus areas
(EFA) such as field margins, hedges, trees, fallow land, landscape features, biotopes, buffer strips, and
afforested areas, and the habitat configurations serving the maximum capacity of services. The project will
also simulate water and habitat delivery of biodiversity services for different climate change scenarios and
agriculture storylines in the future. Economic costs and agro-policy environmental trade-offs will be analyzed
and an EFA calculator produced at the farm level. The project develops over two case-studies, collects
information in situ and remotely, and the results will receive the input and testing from the farmers, during
the project lifespan.

Sumário
Os grandes avanços da agricultura aumentaram a quantidade mundial de alimentos produzidos, contudo a
intensificação cultural levou a um nível global de decréscimo da quantidade e qualidade da água disponível,
e à sua eutrofização. De acordo com as políticas agro-ambientais europeias após 2013, os agricultores devem
fornecer água e habitats de proteção para a biodiversidade, dedicando uma percentagem da terra cultivável
para áreas ecológicas relevantes (EFA), e.g. linhas de águas, sebes, zonas de pousio, zonas desflorestadas,
com configurações variadas. No entanto, não têm sido quantificados estes serviços ecológicos e de
biodiversidade, nem se conhecem as melhores configurações espaciais para estas manchas ecológicas. As
configurações espaciais podem ser obtidas com imagens digitais remotas de 1:5000, digitalizadas e
transformadas em métricas de paisagem. Os agricultores e o ambiente beneficiariam deste conhecimento,
sobretudo se conseguidas maximizando os benefícios e minimizando as perdas produtivas. Neste projeto
iremos desenvolver modelos preditivos relacionando configurações espaciais das manchas ecológicas e
indicadores quantificáveis de biodiversidade, em dois vales agrícolas irrigados, Sorraia e Almonda, incluindo
a quantidade disponível da água e qualidade (fluxos de nutrientes), e a capacidade filtradora das faixas de
vegetação, através da adaptação do modelo SWAT. Será ainda quantificada a qualidade biológica das massas
de água, artrópodes controladores de pragas, aves, morcegos, vegetação e estrutura desta. Modelos de
tratamento empírico de dados (random forests, boosted regression trees, logistic regression, em ambiente
R) permitirão encontrar funções preditivas utilizadas entre configurações e biodiversidade, e simular os
ganhos desta em função de cenários de alterações globais e de uso da terra, até 2060. Em simultâneo, os
modelos económicos desenvolvidos permitirão estudar os custos e benefícios das alternativas, e um
calculador EFA será desenvolvido, ao nível da propriedade individual. Todo o projeto é acompanhado pelos
agricultores das áreas em estudo, em workshops e contacto direto, bem como com a administração agrária,
para a qual é elaborado um Documento Político, no final. O consórcio junta uma Escola de Agronomia
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(Universidade de Lisboa) e uma Escola de Economia (Universidade Nova de Lisboa), com associações de
produtores agrícolas das áreas em estudo, numa forte ligação entre universidade e tecido empresarial.

Summary
Representing nearly 30% of global land area, agricultural ecosystems are essential for providing services and
goods. While agriculture improvements have greatly increased the global food supply, crop intensiﬁcation
has led worldwide to diminished water availability and quality, reduced carbon sequestration, and increased
eutrophication. After 2013, EU agro-environmental policies have subsidised farmers that have
simultaneously produced standard commodities while delivering water and habitat protection, by dedicating
a percentage of farmland to “ecological focus areas” (EFA). Not all types of EFAs were being equally declared
or established, and their effective relevance and contribution for ecosystem services has rarely been
quantified. Scientific knowledge is limited concerning a conceptual design of EFA and a definition of the most
adequate spatial configurations. Scenario simulations should help stakeholders and farmers to manage and
establish the best configurations and types of EFAs to provide ecosystem services while maintaining
economic productivity.
This project aims to develop predictive relationships between EFA types and configurations and biodiversity
indicators for Mediterranean irrigated farmlands, while also using this to determine the connectivity
challenges considering the EFAs. The project will focus in two areas of irrigated farmland, Sorraia Valley and
Almonda Valley. These landscapes are composed of natural rangeland and rain-fed land converted into
irrigation cropland, where water deviation from rivers or storage reservoirs changed the landscape into a
Green-Blue infrastructure composed of farm, forest and natural patches, interwoven by the river and its
drainage system. We will implement a hydrological model, map patch configurations and quantify ecosystem
services and costs based on biological and spatial data collected at two farmland irrigated areas (16000 ha
each). We will develop a working model for optimal greening at the farm and irrigated valley levels, enabling
the prediction of the best EFAs configurations to maximise biodiversity and ecosystem services, tested for
different scenarios of agriculture development and global changes.
Activities include: (1) map the EFAs patches using a combination of the available National Land Cover Map
(COS 2007) and high resolution airborne digital images (true colour composite image, pixel size 50cm); (2)
assess structural and functional connectivity in the study areas using a graph theory approach; (3) implement
the SWAT hydrological model to predict water and nutrient flows through the ecosystem compartments, and
the nutrient filtering capacity of the landscape; the SWAT application is still to be discussed; (4) quantification
of biological indicators of functional biodiversity per patch type: arthropods (carabids and ants), birds,
chiropterans and vegetation; (5) quantification of biological services per patch type: dummy caterpillars as
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surrogates of predation activity; (6) empirical modelling (boosted regression trees, random forest and logistic
regression), to obtain predictive links between biodiversity and ES indicators and patch configurations,
including the release of a best-services EFA calculator in excel environment to be used at farm level or
landscape unit level; (7) use these models with climatic changes and future agricultural practice changes to
simulate present and mid-21st century situations; (8) evaluation of economic gains and losses of services
when different configurations and options for EFA are designed; (9) participatory actions with the farmers
and agriculture administration through 6 workshops; and (10) elaboration of a policy briefing with
recommendations concerning the selection of the best EFA vegetation types and spatial configurations to
improve overall biodiversity and landscape connectivity on irrigated Mediterranean areas.

Concept
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Framework
Agricultural ecosystems are crucial for supplying goods and services (Perrings et al., 2006) but they have also
been identified as a key pressure on biodiversity, causing habitat loss, degradation, and fragmentation
(Secretariat of the Convention on Biological Diversity 2010). Although improvements in agriculture systems
have led to an enlarged global food supply, its intensification has also reduced carbon sequestration,
hampered water availability and quality and increased eutrophication (Alcamo et al., 2003). Since these
problems occur at large scales, broad ecological landscape restoration actions is preferable than a local
approach. Despite the controversy between “land sparing” and “land sharing” to tackle these challenges
(Bartoń, 2018; Ekroos et al., 2014; Phalan et al., 2011; Plieninger et al., 2012), EU agricultural policy (CAP) in
the past 20 years relied on the later by rewarding farmers for simultaneously producing standard
commodities and fostering farmland biodiversity (Plieninger et al., 2012). After 2013, CAP prompted a
transition from commodity-based subsidy policy to policies centred on efﬁcient provision of ecosystem
services by the agro-landscape (Plieninger et al., 2012).
Currently, CAP relies on two mainstays: 1) market support measures and direct aid to farmers and 2) rural
development policies (including agro-environmental). For the later, farmers must abide by three principles:
1) crop diversification, 2) a share of permanent pastures and 3) a share of arable land dedicated to ecological
benefits, the so-called “greening”. This translates into the allocation of farmland to Ecological Focus Areas
(EFA) (e.g., ﬁeld margins, hedges, trees, fallow land, landscape features, biotopes, buffer strips, and
afforested areas) for water and habitat protection (Plieninger et al., 2012). Receiving green payments is
bound to the fulfilment of these principles and of specific rules (e.g., if the arable areas exceeds 15 ha, a
minimum of 5% of the farmland area must be allocated to EFAs). Thus, assessing ecological benefits and gains
is very important to verify and continuously improve agriculture landscapes (Desjeux et al., 2015). However,
a conceptual design of EFA is not yet developed, nor their effective relevance and contribution for ecosystem
services, meaning scientific limitations are hindering policy implementation. After one year of
implementation the EU concluded that the green direct payment scheme was lacking better descriptions and
quantification of EFAs, especially as regards landscape features (European Union, 2016).
At the EU level, the most frequently declared EFA types are those derived from productive agriculture areas,
e.g. nitrogen-fixing crops, catch crops and land lying fallow. Forest and river buffers and buffer strips,
landscape features and agroforestry were seldom used (and not indicated for Portugal). Greening is currently
viewed as the equivalent of an ecological set-aside, assuming a relationship between the area afforested and
forested and ‘ecosystem services’ gains e.g. regulation of water ﬂow and storage (Swift et al., 2004). Up to
now, agro-environment schemes have produced moderate biodiversity gains (Ekroos et al., 2014;
Whittingham, 2011). Assuming a relationship between the area afforested and forested and “ecosystem
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services” gains, greening is currently viewed as the equivalent of an ecological set-aside (Swift et al., 2004).
In alternative, these areas should be active and ecologically oriented, meaning greening could establish onfarmland habitat in agricultural landscapes at the expense of field-level agriculture. For example, Schleyer
and Plieninger (2011) disclosed that the amount and spatial arrangement of trees, shrubs and woodlands
integrated into agricultural land use systems (“farm trees”) is a relevant determinant of ecosystem services.
In other example, Heim et al. (2015) concluded that in agricultural grasslands, a higher forested land cover
and smaller distances to forested elements (e.g., groves) increases bat species richness and activity granting
higher protection against outbreaks of agricultural pest insects.
Agriculture benefits from ecosystem services but also receives ecosystem dis-services. The later contribute
to increase production costs and decrease in crop productivity, when considering for instance herbivory and
competition for resources by weeds. Pollination and seed dispersal, pest and disease control, chemical
condition of fresh water, soil and control of erosion rates are the most common addressed ecosystem
services (Grizzetti et al., 2016; Isaacs et al., 2009; Wratten et al., 2012). However, considering water scarcity
and quality, Mediterranean irrigated farmlands have special traits especially concerning the regulatory
capacity of the system (Zhang et al., 2007). Overall, ecosystem services and dis-services are directly
dependant on agriculture ecosystem management and the diversity, composition, and functioning of natural
ecosystems therein (Zhang et al., 2007).
A recent evaluation of this CAP legislation was unable to quantify real impacts and cannot be used at farm
level (Eurropean Commission, 2017). Based on scientific literature, the authors used an EFA scoring system
focused on the abundance and diversity of wild species (e.g., amphibians, birds, invertebrates and plants)
and aggregated farm and regional level results, thus limiting its accuracy. Not only effects are estimated in
relative terms between EFA types, but are not also considering a reference scenario, i.e., a baseline
resembling the presence of “natural” source populations. Another concern with the CAP is the lack of
consideration for continuity and connectivity of existing semi-natural areas (Pe'er et al., 2014).
Given the current state of the art it is necessary to: 1) demonstrate cause-effect relationships, and
interactions, between greening improvements, landscape connectivity and ecologically benefit elements; (2)
identify such relations at the scale of the farm or the farmland valley; (3) develop calibrated models enabling
the simulation of eco-engineered measures, and predict optimal configurations and programs of intervention
to obtain the desired benefits and services, improving the existing ecological matrix; and (4) improve the
identification and classification of EFA in Portugal, and enhance the effectiveness of EFA types.
Some authors have questioned the outcome of the CAP land sharing practices (European Union, 2016; Pe'er et
al., 2014; Swift et al., 2004; Whittingham, 2011; Zhang et al., 2007). However, other authors indicate that
Greening set-aside should be scientifically driven and predictively enabled to render adequate outcomes (Egoh
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et al., 2008; Firbank, 2005; Hart and Baldock, 2011; Perrings et al., 2006). Within the framework of this project,
greening of farm landscapes is viewed as an active and ecologically-oriented process that should allow for
rebuilding the proper structures of habitat for provisioning and regulatory services. Few projects have dealt
with ecological landscape engineering (Desjeux et al., 2015; Isaacs et al., 2009; Rey Benayas and Bullock, 2012;
Tambosi et al., 2014; Zeijts et al., 2011), and we will far reach to international researchers for dissemination and
future collaboration.
Optimus Prime will be developed on two irrigated valleys of the Tagus river basin: Sorraia and Almonda.
These are lowland areas where rich alluvial soils overlap sedimentary deposits, usually sandy-textured. The
warm climate enables a high crop productivity with an extended growth season but it requires a high amount
of irrigation. Water sources can come from river drainage either directly or using irrigation canals or from
subterranean resources, usually when the aquifer is at low depth. The water element is the ecological driver
of such areas, because it shapes the vegetation and acts as an ecosystem regulatory driver, and because its
availability is a provisioning service to human activities. Water will be a key element in Optimus Prime project.
The Sorraia irrigation area (Tagus basin, Alentejo RIS3) covers about 15000 ha of cropland, pastures and
managed forests together with remains of natural vegetation creates a complex landscape matrix. It is
managed by the Farmers Association of Sorraia, partner in the project. It needs 123.6 106Hm3 of water per
year to irrigate most of the crops, mainly rice, maize, nitrogen-fixing pastures and tomato. Such water comes
from 5 large reservoirs and is distributed by gravity through a primary network 113 km of open-surface
trapezoidal channels. After irrigation, water drains by drainage canals and run-off to the river Sorraia. We
will focus on the plain of the Sorraia between Coruche and Couço. Major stressors are the destruction or
fragmentation of natural vegetation and the nutrient pollution of the water.
The Almonda basin (Alentejo and Central RIS3) covers an area of 27400 ha and it is a flatland, with an altitude
close or lower than 100m asl. The landscape is composed of a complex matrix of land uses including urban,
industrial, pastures, rangeland and farming. The abundant water supply available from the river and the
aquifer close to the surface, result in predominant sub-surface water abstraction for irrigation. We will use
an area between Golegã and Torres Novas. The Farmers Association Agrotejo gathers 600 farmers and is a
partner in the project. Major stressors are the destruction or fragmentation of natural vegetation, the urban
tissue and industrial pollutants, and the nutrient pollution of the aquifer. The study area will also include a
part of the Natural Biosphere Reserve of Boquilobo Wetland, a Nature 2000 site, with important natural
values, especially of plant and bird species, and specific conservancy regulations for local stakeholders.
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Technical description of activities
The project will start by mapping the Ecological Focal Areas (EFAs) across the study areas. Ecological Focal
Areas in this project will be defined as vegetation elements able to maintain and enhance structural
complexity and promote local biodiversity and ecosystem functioning in agro-ecosystems (Lindenmayer and
Fischer, 2006; Tscharntke et al., 2005). We will define the type and attributes for each EFA feature. At the
same time, water and nutrient flows across the valleys and their basins will be simulated using the processbased hydrological model SWAT (Moriasi et al., 2007; Neitsch et al., 2011). SWAT will simulate soil water
balance, percolation, and surface runoff; and also nutrient exports, accounting for the filtering effects of the
landscape greening. A model parameterization setup will be developed to assess changes to water and
nutrient budgets according to landscape configurations (SWAT_OPTIMUS PRIME application). We will be able
to predict the quantity, quality and purification services of the water (Brauman et al., 2007).

Figure 1 – Depiction of an example of study area with sampling cluster areas.

Biodiversity and ES indicators will be surveyed in late spring/early summer 2019. The methodology relies on
a nested structure were cluster sampling areas are defined within each study area and coinciding with the
zones of highest EFAs and riverine areas heterogeneity in the agricultural matrix (Figure 1). The study areas
focus exclusively on the agricultural landscape surrounding a Mediterranean river, and the definition of
biological assessment sampling sites will occur inside the cluster sampling areas (Figure 1). Exception to this
may occur if a relevant EFA is found in the study area but outside the cluster sampling areas. The R
environment and empirical models (boosted regression trees, random forest and generalized linear models)
will be used to relate biodiversity parameters with EFAs types and attributes. Training these models will allow
the simulation of predictions for scenarios of global change (2020-2060) and land use changes. Structural
connectivity analysis will be performed considering all EFAs defined in the study area and their properties
(e.g., area, shape), while the functional connectivity approach will consider parameters from biodiversity
indicators (e.g., abundance, species richness).
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Activities
Task 1 – EFAs assessment
Ecological Focal Areas in this project will be defined as vegetation elements able to maintain and enhance
structural complexity and promote local biodiversity and ecosystem functioning in agro-ecosystems
(Lindenmayer and Fischer, 2006; Tscharntke et al., 2005).

Task 1.1 Mapping Ecological Focal Areas
EFAs will be mapped using the National Land Cover Map (COS 2007, Minimum Map Unit of 1ha, 193 land-use
classes) as a starting approach. Then, vegetation elements will be further detailed by visual classification of
airborne digital images (RGB-NIR spatial resolution 0.5m×0.5 m; ortho-rectified and mosaicked). A Minimum
Map Unit of 225m2 (15mx15m) and a minimum gap of 15m between vegetation elements will be used as
thresholds for mapping purposes (Figure 2).

Figure 2 – Depiction of an example of a study area with agricultural patches (red lines), rivers (lines in blue) and
vegetation patches (curly green lines). Black lines exemplify EFAs.

Vegetation elements (EFAs) will be characterised based on their spatial shape (linear vs. non-linear),
afterwards based on their location considering the river network (riparian and non-riparian) for linear
features, and at last on their vegetation structure (woody and non-woody) for both classes of linear elements
and for non-linear elements (Figure 3). This leads to six classes of EFAs:
 Woody riparian linear EFA
 Non-woody riparian linear EFA
 Woody non-riparian linear EFA
 Non-woody non-riparian linear EFA
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 Woody non-linear EFA (e.g., groves)
 Non-woody non-linear EFA (e.g., herbaceous field margins that may contain scattered woody
elements)

Figure 3 – Conceptualization of the EFAs characterisation and grouping.

Task 2 – Hydrological Modeling and Water services
Task 2.1 Model calibration
We will implement the process-based hydrological model SWAT at the valley scale (DEM resolution of 90m)
to estimate water and nutrient contribution from each sub-basin to the main channel (Neitsch et al 2011).
The water flow in the Sorraia Valley is influenced by the water flowing from the upper part, so model
calibration will have to be done for the entire watershed (already available from other projects), of which the
focus area is a fraction. The study area in Almonda watershed occupies a significant part of the watershed
and will be modelled using the data gathered in the other Activities of the project.
Agricultural land-uses will be simulated using a semi-distributed approach, i.e. their location inside individual
sub-basin will be based on typical combinations of land cover, soil types and slope classes. The size of subbasins will be determined both by landscape structure and the presence of EFAs and points of interest in the
main river, so there will be a need for communication with other teams, especially those working in T1 and
T4.
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Land use data will be obtained from the Corine 2012 database (http://land.copernicus.eu/paneuropean/corine-land-cover/clc-2012) at 100 m resolution. Soil maps will be obtained from national
cartographic information at DGADR; data for these soils will be taken from national databases,
complemented by information from farmers when available. Calibration will be conducted using data for
streamflow, sediments and nutrients found at SNIRH, also complemented with data from farmers when
available. The model will be run at a daily time-step, and calibration statistics calculated on both daily and
monthly basis using Nash-Sutcliffe model efficiency coefficients for a calibration period of at least 5 years
(Moriasi et al, 2007). The model will allow the calculation of water and sediment loads to different points of
the stream, allowing the identification of availability for the ecosystem (wetland and riparian) and human
activities (supply and irrigation); and to pinpoint their sources in the watershed.

Task 2.2. Water scenarios and nutrient runoff
After calibration, the model will be used to test different experimental scenarios: i) contour strip placed
midway in the sub basin and buffer strip along the river; ii) contour strip placed midway in the sub basin and
buffer strip along the river under climate changes; and iii) no contour strip or buffer strip. In each situation
efficiency of contour and buffer strips will be evaluated in tons/ha/year of nutrient lost by runoff and
percolation.
SWAT includes general parameterizations for management measures; however, local specificities will imply
their re-parameterization inside the model. The local effectiveness of contour and buffer strips will be
assessed using the Borselli connectivity index (BORSELLI ET AL 2008), which takes into account topography
and landcover to assess how much a certain point in the landscape is connected to a river in terms of
generating and delivering water and suspended / dissolved substances.

Task 3 – Biodiversity and biological services Indicators
EFAs are key structures to maintain and enhance local biodiversity and ecosystem function in agro-ecosystems
(Tscharntke et al., 2005). Besides the basic linear and patch configurations, EFA also present a woody or nonwoody dominance and are linked, or not, to water environment. Three aims can be considered here:
1- What is the biodiversity of indicator groups within the EFA structures, and how can EFA configuration
improve such biodiversity and functional quality? This will be indicated by vegetation, ants, carabids,
birds and bats.
2- What is the biodiversity of indicator groups in the agro-matrix, and how can EFA configuration improve
such biodiversity and functional quality? This will be indicated by ants, carabids, birds and bats.
3- Can we perceive and quantify the services provided by the EFA to the agroecosystem? This would be
dummy caterpillars and EPT emergence, indicating subsidy prey and predation.
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Task 3.1 Vegetation assessment
In agricultural landscapes, animal population viability depends on functional connectivity between suitable
habitat patches (Hansen et al 2019). Spillover across agricultural lands and other managed or natural areas
is extremely important to maintain key plant-animal interactions (Blitzer et al., 2012). The purpose of this
task is to map functional connectivity of vegetation addressing habitat suitability of target animal groups, in
relation to their biodiversity and ecosystem services provision.
Sampling plots of a minimum area (10x10m) will be established in the same sampling sites where biodiversity
and other ecosystem services indicators will be collected, with a minimum of 100 sites and a balanced
distribution of sampling plots across the defined EFAs. All sampling plots will be georeferenced at the NW
corner. Two pictures will be taken by plot, and additional pictures when features of special habitat interest
are detected.
A field protocol – EFA Biodiversity Potential Index (EFA-BPI) – adapted from the French IBP (Indice de
Biodiversité Potentielle; Larrieu & Gonin 2009) will be used in each sampling plot, to register 15 indicators of
biodiversity potential derived from habitat suitability of EFAs, covering four groups of indicators (Figure 4):
i)

Vegetation structure: number of different woody species present, exotic/native; number of strata
present;

ii) Vegetation Habitats: type and abundance of microhabitats, such as dead wood, features in large
dead and living trees, dendro-microhabitats and other;
iii) Associated Habitats: presence of rocky features, or wetland features;
iv) EFA Management: management of the vegetation and habitat features (estimated temporal
continuity of an EFA; woody cuts; herbaceous management; pruning and brunch cuts).
Each indicator will be ranked with a three scale-level (0, 2, 5). The calculation of the index results from the
sum of the individual scores provided to each indicator. Partial scores can be also calculated by groups of
indicators described above, separating the ones directly related with vegetation from those more related
with context or management. The global GBP index values can be used in absolute values or in percentage
of the maximum total score. Field sheets will be translated into geodatabases, including individual indicator
scores, partial scores by group of indicators and global index score, for further mapping and to relate with
fauna/ecosystem services distribution maps. The field sheet will be calibrated in the study area in a minimum
of 10-15 test sites to assess the pertinency of the range of the scale levels and to check for the broad existence
of the surveyed features. This calibration/validation procedure can only be done in the Spring-Summer
season of 2019.
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FIELD PROTOCOL EFA BIODIVERSITY POTENTIAL INDEX (1)
ID SAMPLING
Study area:

Cluster Code:

Sampling date:

Surveyor(s) name:

EFA type:

EFA_code:

EFA GPS coordinates:

EFA Sampling area:

Crops/land-use nearby EFA:
Photos:
I. VEGETATION STRUCTURE

score 0

score 2

score 5

1.1 Native woody species (nr.)

0, 1 or 2

3

≥4

1.2 Invasive species (woody or non-woody)

dominant
(>30% cover)

abundant (<30%)

none or isolated
individuals

1.3 Vertical structure of vegetation (nr. strata)

1 or 2 strata

3 strata

4

score 0

score 2

score 5

2.1 Dead wood and microhabitats at trees (nr.)

none

≥1 to <3 indiv/EFA

≥3 indiv /EFA

2.2 Standing dead trees (nr.; h>0.9m, DBH>30cm)

none

≥1 to <3 indiv/EFA

≥3 indiv /EFA

2.3 Laying dead trunks (nr.; L>0.9m, D>30cm)

<1 trunk/EFA

≥1 to <3 trunk/EFA

>3 trunk /EFA

2.4 Large living trees (nr.; perim ≥180cm/ dbh≥60cm)

<1 indiv/EFA

≥1 to <5 indiv/EFA

≥5indiv /EFA

2.5 Living trees with dendromicrohabitats (nr.)

<1 indiv/EFA

≥1 to <6 indiv/EFA

≥6indiv /EFA

score 0

score 2

score 5

0%

<1% or >10%

1 to 10%

none

1 type

2 types and more

none

1 type

2 types and more

score 0

score 2

score 5

II. VEGETATION HABITATS

III. ASSOCIATED HABITATS
3.1 Surface occupied by open areas (%)
3.2 Aquatic habitats (nr. of types)
3.3 Rocky habitats (nr. of types)
IV. EFA MANAGEMENT (CONTEXT)
4.1 Temporal continuity of EFAs

recent or
medium permanence
managed every
(>5-20 y)

old-growth EFA

4.2 Woody cutting; clear-cuts

>50% of trees
resprouting by
stump cuts

>20% of trees
resprouting by stump
cuts

no or only 1 indiv
resprouting from
stumps

4.3 Herbaceous vegetation management

extensive >60%

medium (20-60%)

no or low area
(<20%)

4.4 Pruning/branch cuts

extensive >60%

medium (20-60%)

no

Type (usual)

Dominant (>30%
cover)

Present

ADDITIONAL OBSERVATIONS
Species observed
Alnus glutinosa (European alder)
Fraxinus angustifolia (ash)
Populus alba (whyte poplar)
Salix atrocinerea (grey willow)
Salix salviifolia
Salix sp. (other)
Other:
Olea europaea var. sylvestris (wild olive)
Olea europaea var. europaea (olive)
Citrus limon (limon)
Cydonia oblonga (quince tree)
Punica granatum (pomegranate)
Populus nigra and hybrids
Other:
Acacia spp.
Arundo donax
Ailanthus altissima
Other:

Native
Native
Native
Native
Native
Native
Planted
Planted
Planted
Planted
Planted
Planted
Planted
Invasive
Invasive
Invasive
Invasive

Other observations:
(1)

Adapted from:

IBP-Indice de biodiversité potentielle (https://www.foretpriveefrancaise.com/n/ibp-indice-de-biodiversite-potentielle/n:782)

Figure 4 – Field sheet for vegetation.
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Task 3.2 Ants, Carabids and spiders assessment
Ants (Hymenoptera, Formicidae) provide valuable ecosystem services, such as nutrient cycling,
decomposition, soil movement, seed dispersal and biological control (Folgarait 1998, Del Toro et al., 2012).
They have many attributes that make them ideal for biodiversity monitoring and assessment studies (Alonso
and Agosti 2000). In particular, their sensitivity to environmental change in the face of disturbance might
reflect diversity loss, shifts in species composition and changes in interspecific and intraspecific interactions
(Crist 2009).
Ant survey will be carried out in late spring/summer, i.e., the period with high ant activity for Mediterranean
communities (Cros et al., 1997). Ants will be passive sampled with pitfall traps. This sampling method has
been used in many studies of ant communities worldwide (e.g., Retana and Cerdá, 2000; Gómez et al., 2003;
Angulo et al., 2016). It is a simple, cost-effective method for collecting epigaeic ants, provides good results in
assessing abundance, species richness and composition patterns, allowing for continuous day and night
sampling (Majer 1997; Parr and Chown 2001; Underwood and Fisher 2006, Tista and Fiedler 2011 Sampling
sites will be distributed across the selected EFAs and in the agricultural matrix of each sampling cluster areas,
separated by at least 1km (Figure 3). For each site, sampling design will consist of five pitfall traps on a 5 × 5
m grid (one trap in the centre) (Ward et al., 2001; Woodcock 2005). The traps consist of 100 ml plastic
containers placed flush with the ground, and partially filled with a solution of 30% propylene glycol and a few
drops of detergent, in order to retain and preserve the intercepted ants. Traps will be left in the field for 48
h. The collected specimens will be preserved in 96% ethanol, and identified to species level, under
stereomicroscope, using regional taxonomic keys (Colingwood and Prince 1998; Gómez and Espadaler 2007;
Galkowski and Wegnez 2017).
Pit fall trapping is also a widely used method to measure the activity abundance level of predacious arthropod
taxa, as spiders (Araneane) and carabids (Insecta, Coleoptera, Carabidae). These two groups include
generalist predators contributing to biological control of invertebrate species and thus providing this valuable
ecological service to agroecosystems (e.g. Lövei and Sunderland, 1996, French et al., 2001, Symondson et al.,
2002, Birkhofer et al., 2016). Epigaeic spider communities have been considered to have a determinant role
as natural enemies of potential agricultural pests, as well as indicators of habitat disturbance (e.g.
Mashavakure et al. 2019). Carabidae (or ground) beetles have been considered as indicators of: biodiversity
in agroecosystems; environmental gradients; and to changes in habitat quality (Kromp, 1999, Albrecht, 2003,
Rainio and Niemelä, 2003).

Task 3.3 Dummy Caterpillars assessment
Herbivorous insects have many predators that contribute to their control and influence the population
dynamics of insect pests. By doing so, predators provide a beneficial ecological service. Natural pest control
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will cause less abundance of herbivore insects and therefore less damage for agricultural crops. Therefore,
predation of insect herbivore is one of the beneficial ecosystem services provided by the fauna communities
associated with EFA.
The exposure of dummy caterpillars is a simple and efficient method to estimate predation rates. This
method has become very used in ecological studies over the last years (e.g. Ferrante et al., 2014). Dummy
caterpillars are made of green moulding clay and mimic the size and shape of real caterpillars. Predators
attack these dummy caterpillars as if they were real preys. The attacks will leave marks on the modelling clay.
The type of mark will allow further distinguish different groups of predators: insects, birds, mammals and
reptiles (Howe, et al., 2009, Low et al., 2014).
Sampling sites will be located in the agricultural matrix, covering different vegetation elements (EFAs). Sites
will be separated by at least 500m. On each site, dummy caterpillars will be installed on both (1) tree canopy
and (2) ground level. On the tree canopy, dummy caterpillars will be attached to low branches. Four branches
per tree (North, South, East and West) will be selected and marked. On each branch 5 caterpillars will be
installed, with about 10-15 cm distances among caterpillars. Caterpillars from tree canopy will be inspected
for predation marks after 30 days.
On the ground level dummy caterpillars will be fixed on a suitable substrate lying on the ground (e.g. dry
branch). In each sampling site, caterpillars will be exposed in 3 rows of 5 caterpillars, each row separated by
10m. Ground caterpillars will be exposed for 48 h. Observations will be repeated in early spring (between
April and May), and late spring (between May and June).
Predations marks left by birds, arthropods, mammals or lizards will be identified in the field using a
magnifying glass or in the laboratory using a stereomicroscope. The number of marks per caterpillar and the
type of mark (bird, insect, mammal or reptile) will be recorded. Predation rates will be compared with
biodiversity indicators, EFA type, and their properties, vegetation and landscape variables using a buffer of
500m around each sampling site.

Task 3.4 Hymenopteran pollinators
Pollination is an essential ecosystem service to agroecosystems that was evaluated to worth $3.1 billion, each
year (Isaacs et al. 2009). One of the most important group of pollinators are bees (either social and solitary),
but natural bee populations seem to be declining (e.g. Burkle et al. 2013). The agricultural and urban landuse intensification and consequent loss and fragmentation of natural habitats, together with the decrease of
pollen and nectar sources due to the massive use of herbicides, are among the main possible explanations
for pollinating bee decline (Hines et al. 2005, Ollerton et al.2014, Cole et al., 2017).
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The support of diverse polinator comuunities in agroecosystems may rely to some extent on fragments of
semi-natural habitat in agricultural landscapes (Proesmans et al 2019, Santos et al. 2018).
The aim of this task is to evaluate possible bee pollinator services in different configurations, through
pollinator bee diversity and abundances of Hymenoptera.
Coloured plastic bowls (blue/white and yellow) filled 3/4 with water with a small amount of fragrance free
dish detergent: for 1.5L of water, join 5 ml of detergent (Popic et al. 2013). The bowls should be put on the
ground, preferably in open settings. One transect should include bowls of alternating colours, separated by
5 meters. According with the extension of monitoring area, 30 bowls per site should be set (Shapiro et al.
2014). The bowl traps should be exposed during 24h, during April, if meteorological conditions are adverse
the procedure should be delayed to another day. The collection include the removal of larger specimens (for
example, moths, slugs, grasshoppers) and the remaining organisms are dumped into a tea strainer or brine
shrimp net. The sample is then put into flasks with 70% alcohol, and taken to laboratory to be identified and
quantified. The identification will be done a least to families of the order Hymenoptera.

Task 3.5 Birds assessment
Birds will be used as indicators of (1) functional diversity in the different EFA types and in the agricultural
matrix, as well as indicators of (2) the potential supply of the crop pest control service.
For both purposes, 40 point counts (Bibby et al. 1992) with a 5-10 min. recording period will be carried out,
20 covering all EFA types (4 per cluster sampling area) and 20 in the agricultural matrix (4 per cluster sampling
area). Points will be separated by at least 500 m, and count records will be referred to fixed distance bands
to allow for population density estimation. Each point will be visited in 2 dates in Spring (first in end of
March/beginning Abril, and second in May) to include the relevant species, which have different breeding
seasons. The sampling points will be selected taking into account the location of the points used for the
vegetation and dummy caterpillar assessments.
To assess bird functional diversity, bird species will be classified by food and foraging behaviour guilds
according to information provided by the species accounts in del Hoyo et al. (2019). Indicators of functional
composition (guild shares) and diversity (guild Shannon and richness indexes) will be calculated for each EFA
and matrix point, and will be analysed together with data from the vegetation assessment.
To assess the potential supply of the pest control service, the estimated population density (based on per
band record of each species) will be multiplied by daily food intake, estimated according to methods provided
by Crocker et al. (2002), and the resulting output will be subdivided by different arthropod taxa and other
food (berries, seeds) using information provided by the species accounts in del Hoyo et al. (2019). The
estimated predation of arthropod taxa that include economically relevant pests of the crops in the
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agricultural matrix will be interpreted as an indicator of the pest control service provided by bird populations
during the breeding season. These service estimates will be validated and interpreted taking into account the
results of the dummy caterpillar assessment.

Task 3.6 Chiropterans assessment
Bats species provide numerous ecosystem services (Kunz et al., 2011). In agricultural landscapes, these animals
may provide relevant pest suppression services, representing a large economic benefit for such activity (Boyles
et al., 2011). Combined with this, the ability of some species to persist in human dominated landscapes and
their considerable mobility makes this group adequate to assess the contribution of EFAs to biodiversity.
Bats will be surveyed via a passive acoustic sampling, starting 30 minutes after sunset and lasting for three
hours, which corresponds to the period of highest bat activity (Rainho, 2007; Russo and Jones, 2003; Vaughan
et al., 1997). Sampling sites will be spatially separated by at least 1km (Figure ) to avoid spatial autocorrelation
bias (Cruz et al., 2016; Rebelo and Rainho, 2009). Buffer related variables (e.g., land use, area of EFA) will be
estimated considering a buffer of 500m (Figure ) around each sampling site since bat presence is highly
influenced by features within 100 m to 500 m (Bellamy et al., 2013). Sampling will only take place in nights
with favourable weather conditions for bat activity: no rain, low humidity, mild temperature, and null or
weak wind (Russo and Jones, 2003).

Figure 3 – Depiction of the chiropterans sampling approach in the overall methodological framework.

To assess the relevance of EFAs for bat species richness and activity, sampling sites will be located in the
agricultural matrix. Bat sampling sites located in the EFAs will allow a functional characterisation of EFAs via
empirical modelling, which afterwards will be used in the connectivity analysis. All the 12 EFAs types will be
sampled in each cluster area.
Concerning acoustics recordings analysis, in order to remove noise or low-intensity recordings, bat call
sequences will be batch-processed through scrubbing (default settings) using the software Kaleidoscope
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(Wildlife Acoustics, Inc., version 3.1.1). Given the expected elevated number of recordings, an automated
acoustic parametrisation and identification approach will be followed. The number of bat calls will be
registered and their identification will rely on consulting Rainho et al. (2011) and complemented with Barlow
and Jones (1997), Pfalzer and Kusch (2003) and Russo and Jones (1999).

Task 4 – Connectivity assessment
EFAs are relevant to maintain and enhance biodiversity in agricultural landscapes (Tscharntke et al., 2005).
However, considering that dispersal success depends mainly on time and energy spent searching adequate
locations, connectivity amongst such places is extremely important for habitat conservation (Urban and Keitt,
2001) and landscape management (Heim et al., 2015). Landscape connectivity may be defined by the degree
to which landscape obstructs or eases movement between resource patches (Heim et al., 2015).

Task 4.1 Structural connectivity analysis
Structural connectivity analyses habitat/patch structure regardless of any organism (Tischendorf and Fahrig,
2000). A graph theory approach will be used for the connectivity analysis since it is best suited to landscapes
that can be represented by discrete habitat-patches imbedded in a matrix considered as non-habitat (Urban
and Keitt, 2001). Moreover, graph representation enables merging population processes (e.g., recruitment,
dispersal) with landscape configurations (e.g., patch size, shape), arriving at process-based measures of
connectivity for both individual patches and entire landscapes (Urban and Keitt, 2001). CONEFOR software
will be used to derived connectivity indices based on spatial graphs (networks) and on the concept of
measuring habitat availability (reachability) at the landscape scale (Saura and Torné, 2009). In this study, the
outcome of task 1 will be used for the analysis.

Task 4.2 Functional connectivity analysis
Contrary to structural connectivity, functional connectivity unequivocally considers species behavioural
responses and attributes to the multiple landscape elements (Tischendorf and Fahrig, 2000). Thus, depending
on the species, a structurally connected landscape patch may be functionally not connected, while noncontiguous patches may be functionally connected (Tischendorf and Fahrig, 2000). In this case, the graph
theory approach will be maintained but now considering species attributes, obtained results for each group
of the biodiversity indicators and EFAs features and spatial attributes.

Task 5 – Model training and future scenarios and storylines
The aim of this activity is to find predictive linkages between biodiversity and/or ecosystem services and EFA
presence and configuration. We will use an empirical modelling approach to relate patch presence, features
and configurations to the indicators of biodiversity and services (including water services such as water
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quality regulation), using the data obtained in tasks 1, 2 and 3. The linkage will be done taking into
consideration the specificities of the biodiversity indicator or the service.

Task 5.1 Model training
The strength of relationships between EFAs vegetation patches and biodiversity indicators will be explored
with Boosted Regression Trees (BRT) and Random Forests (RF). These techniques can handle non-linear
effects and have nearly no data assumptions, meaning they are suitable for exploratory purposes, to rank
variable importance and to assess the potential pairwise interactions among predictor variables (Feld et al.,
2016). The mean rank variable importance according to BRT and RF will be computed for each predictor
variable and used to guide the selection of candidate variables to be included in the subsequent analyses
based regression-based analytical tools. Subsequently, the second analytical step will use Generalized Linear
Mixed Models (Zuur et al., 2009). Model selection will use the multi-model inference base on the information
theoretic approach (IT) (Burnham and Anderson, 2002), that relies on the Akaike information criterion (AIC)
as a measure of information loss of each candidate model. Multi-model inference will be performed with the
MuMIn package for R (Bartoń, 2018), with Moran’s tests to check for spatial autocorrelation in the residuals
of the best approximating model. All empirical modelling will be prepared in the R environment (R
Development Core Team, 2017). The implementation of these empirical model requires the acquisition of
co-variables and metrics for each sampling location or landscape feature.

Task 5.2 Predictions and forecast
We will use the predictive linkages found between patch configurations and ecosystem biodiversity/services
to upscale ecological processes at the valley level, using the valley global configurations. Three major forms
of changes will act upon the irrigated valley: (1) the surface variation of cropland and types of crops, (2) the
global changes ongoing, especially temperature and rainfall, and (3) the agriculture practices, e.g. less
nutrient applications or a change in the type of irrigation system from gravity to drop. We will select a credible
climate scenario produced by the EU-project ISIMIP (https://www.isimip.org/), for example the model IPSLCM5A-LR, and the RCP run orcp8p5 (Moss et al., 2010). Several climatic scenarios (temperature and
precipitation) are available and have already been downloaded and used for Portugal for the purposes of the
EU project MARS in which ISA participates (http://mars-project.eu/); we will select a credible one.
We will simulate the present situation and the mid-century situation e.g. 2060, for the following storylines:
three types of the most favourable patch configurations indicated by the results from Activities 1 and 3; two
possibilities of crop evolution (discussed with the Farmers of the study areas in Activity 1); and two pathways
for possible technical evolution of irrigation techniques and practices (discussed with the Farmers), in a total
of 16 scenarios. We will also simulate for the same scenarios the future trajectories of the 10 ecosystem
services quantified, using the SWAT modelling from Activity 2 for the water-related variables, and the
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different sampling results from Activity 3 for the vegetation and animal variables. The process based model
SWAT will be used to predict variations of water quality and water quantity, and filtering services for future
scenarios in land use and water use, and these will be related to patch configurations, and to ecosystem and
biodiversity services (richness of the various groups, pollination, pest control), using the predictive functions
developed in Activity 5.1.
The whole system of variables (cropland, patch configurations and ecosystem services) will be interactive,
with predictive capacity back and forth (see file OPTIMUS PRIME conceptual-sampling design - activity
flowchart uploaded). The outputs of the different scenarios and storylines will be presented to farmers for
analysis at the last workshop of the project, and discussed with them for identifying the best trajectories of
crops, EFA and ecosystem services, considering the agricultural policies and trends. The results for the two
irrigated valleys will be compared, as they encompass different approaches of water and land management.

Task 6 – Economic trade-offs
Task 6.1 Economic model
This task is aimed at estimating (1) valley-level trade-offs between economic return and ecosystem services
and (2) farm-level opportunity costs for farmers that uptake alternative patch configuration scenarios. The
former are relevant to assess alternative scenarios on a multi-criteria basis; the latter will help discussing
current and alternative policy designs to support greening of the CAP and, in particular, EFA.
An economic model to predict economic returns of alternative land uses will be developed. This will consist
in a series of sub-economic models for different crops combining prices, costs and yield data to calculate net
present value for different agricultural uses. Building upon the work developed in Activities 3, 4 and 5, these
models will be combined with spatially explicit data from different scenarios to compute the corresponding
aggregate value of economic returns at the valley level. The ecosystem service provision levels estimated
using land-use and patch configuration scenarios in task A5 will enable the identification of the production
possibility frontier, which will allow the estimation of trade-offs between economic return and ecosystem
services provision levels. A multi-criteria analysis, integrating both economic and ecosystem services
objectives, will follow to identify the best scenario.

Task 6.2. Downscaling to farm level
Note, however, that modelling at the valley level disregards incentives faced by specific farmers and may
result in unrealistic patch configurations as, under current policy, it may be optimal for some farm units not
to adopt the corresponding cropland distribution. In a second stage, this task will thus downscale the analysis
to the farm level. Using data from Instituto de Financiamento e Apoio ao Desenvolvimento da Agricultura e
Pescas, a farm typology will be developed based on farming system, soil types and location factors.
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Representative farm units will be selected, using this typology, for which current cropland distribution will
be obtained and the corresponding economic returns will be computed. This will allow us to compare current
economic returns with the ones resulting from the patch configurations under the various scenarios and, by
doing so, identify units that will not be willing to adopt those scenarios under current policy design. Such
information may successively be used to derive new maps representing the potential land cover
configuration resulting from current policy incentives. Comparing the latter with the land cover defined in
task A5 will offer a measure of the prospective losses of ecosystem services. Finally, using the model
developed in this Activity, additional policy incentives or other changes in policy design will be identified that
would align all farmer decisions with the best scenario. FE-UNL will lead this task, and work with ISA team.

Task 7 – Outreach activities
Stakeholders and farmers from study areas will assume particular relevance since they may provide
information about the “greening” measures they have implemented, cooperate and facilitate field surveys,
collaborate in scenario and storylines refinement and finally implement the recommendations for greening
activities generated by this project. The OPTIMUS PRIME site will be fed by the results and the outreach
activities.

Task 7.1. Developing and testing an EFA calculator
Using the project outputs concerning the characteristics of the crop area and the crop type, the shopping
basket developed of possible greening measures and green configurations, the indirect and direct costs of
such measures and the desired goals (in area and biodiversity benefits), we will develop an EFA calculator to
guide the farmer in the greening measures and options, at the farm level. The EFA calculator used so far by
the European Commission reflects EFA types and characteristics and their agronomic context but does not
quantify real impacts. It is not able to be used at farm level. Our EFA calculator will be developed in Excel
environment as a simple tool, to be used at the farm level or the landscape unit. The EFA will have a trial
phase to be conducted by the farmers under researchers supervisory. It will be subsequently presented to
the agriculture administration and the External Committee, for discussion and dissemination.

Task 7.2 Participatory actions
Farmers and stakeholders from study areas will be the actors in the center of the project OPTIMUS PRIME
(1) by describing the green measures that they have implemented, (2) by discussing configuration and
ecological services quantification and maps, (3) by collaborating in scenario? development, (4) by comparing
current economic returns with the ones resulting from the patch configurations under the various scenarios,
(5) by experimenting and disseminating the tools developed, SWAT-optimus prime executor and the EFA
calculator. This will be achieved by 6 participatory workshops (see timeline uploaded), in the headquarters
of the Farmers Beneficiaries and with the Farmers from the study areas: (1) Month 3 for project kick-off (see
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project management), and understanding farmers? needs and expectations on the project; (2) Month 12 to
present the quantification of services (3) Month 18 for water use scenarios, configuration outputs and SWAT
optimus prime application, (4) Month 24 for EFA scenario building, (5) Month 30 for EFA calculator
presentation, cost results estimation and EFA scenario outputs, and (6) Month 36 Final project workshop for
results dissemination, a presentation of a Policy brief on greening activities.
The agriculture administration is dominant in the External Committee, which will accompany the projects
activities (see Management part) all the way through, being invited to the workshops. They will follow the
project developments and will be able to extrapolate and use results country-wide, notably in what concerns
the innovation products which are the SWAT optimus prime application and the EFA calculator. The
administration and agricultural stakeholders will be invited to the final workshop if the project, for result
dissemination.

Task 7.3 Policy Briefing
The last Milestone of the project is a Policy Brief for agriculture authorities in what concerns
recommendations for greening activities. This document aims to debate projects results in order to establish
a set of recommendations, not only for agricultural landscapes of the study areas but also for other
Mediterranean irrigated landscapes. Policy briefing will be developed and presented to stakeholders, farmers
associations and to administration entities and agents in the last participatory activity of the project.
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List of Tasks
ID

Task Designation

Head Responsible

T1.1

Mapping Ecological Focal Areas

T1.2

Crop and farm configurations

T2.1

Model calibration

João Pedro Nunes

T2.2

Water scenarios and nutrient runoff

João Pedro Nunes

T3.1

Vegetation assessment

T3.2

Ants, Carabids and Spiders assessment

T3.3

Dummy Caterpillars assessment

Manuela Branco

T3.4

Hymenopteran pollinators

Manuela Branco

T3.5

Birds assessment

José Lima Santos

T3.6

Chiropterans assessment

Gonçalo Duarte

T4.1

Structural connectivity analysis

Gonçalo Duarte

T4.2

Functional connectivity analysis

Gonçalo Duarte

T5.1

Model training

Pedro Segurado

T5.2

Predictions and forecast

Pedro Segurado

T6.1

Economic model

João Pato/Renato Rosa

T6.2

Downscaling to farm level

João Pato/Renato Rosa

T7.1

Developing and testing an EFA calculator

João Pato/Renato Rosa

T7.2

Participatory actions

Teresa Ferreira

T7.3

Policy Briefing

Teresa Ferreira

Rosário Fernandes
Teresa Ferreira

Francisca Aguiar/Patrícia González
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List of Milestones, Deliverables, Workshops and Project Meetings
ID

ID

Task 1
Task 7

M1
M1

Task 1

M2

Task 3
Task 1
Task 1

M1
M3
M4

Task 2

M1

Task 3

M2

Task 2

M2

Task 3

M3

Task 6

M1

Task 4
Task 6

M1
M2

Task 7
Task 5
Task 6
Task 7
Task 6
Task 7

Milestones
(from the Ghant chart)

Month

Project
management &
workshops

Field visit to study areas

1

Project meeting

Kick-off meeting
Method
proposal
discussion to partners
Field campaign starts

3

Workshop 1

6

Project meeting

and

Product
releases &
Deliverables

Methodology
report

9

Ground-truth validation

10

Configuration maps concluded
SWAT concluded in Almonda
area
Field campaign ends
SWAT concluded in Sorraia
area

12

Project meeting

12

Project meeting

13

Indicators results finished

18

Workshop 2
Project meeting
Workshop 3
Project meeting
Workshop 3
Project meeting
Workshop 4

18

First
result
interaction
(economics)
Empirical modelling finished

25

Progress Report
SWAT calculator
trial version
OP site release
Progress Report

27

Second result interaction

29

Project meeting

M2

Workshop 5

30

Workshop 5

SWAT calculator
final version

M1
M3
M3
M4
M4

Scenario simulation finished

32

Third result interaction

32

Project meeting

34

Final interaction

35

Final meeting

36

Project meeting

Final report
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Table 1 – Timetable Milestones, Deliverables, Workshops and Project Meetings.
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