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The Steppe Forward Chair, formed by the Autonomous University of Madrid (UAM) and the Forest Science and 
Technology Centre of Catalonia (CTFC), with the collaboration and support of TotalEnergies, aims to generate 
knowledge to reconcile biodiversity conservation with the development of photovoltaic solar plants, promot-
ing research on agro-steppe ecosystems and their interaction with such development. Based on three lines 
- Research, Transfer, and Outreach - the Chair will enable the writing of scientific publications, the training of a 
network of researchers, the creation of technical documents available to private and public sectors, the organi-
zation of annual outreach events, and the dissemination of knowledge generated in national and international 
conferences, social media, and other media.

What does the Steppe 
Forward Chair seek?
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What have we achieved?

RESEARCH LINE

TRANSFERENCE LINE

OUTREACH LINE

Page 4

Page 21

Page 29

This executive summary integrates the activity developed by the Steppe Forward Chair during the year 2023.
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RESEARCH
2023
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RESEARCH LINE

The monitoring of the diversity and abundance of steppe birds, as well 
as the marking of individuals with GPS devices, has continued in two 
areas of Spain (Abarloar photovoltaic project in Madrid and Guillena 
photovoltaic project in Seville) where photovoltaic plants are planned 
to be built . During 2023, a total of 16 individuals from 4 threatened 
steppe bird species were marked, providing more data on the move-
ment patterns at both small and large scales of these species during 
the pre-operational phase of the projects. The monitoring of the di-
versity and abundance of steppe birds has been conducted following 
specific standardized methodologies for target species. Additionally, 17 
of the individuals tagged with transmitters in 2022 continued to 
send GPS data throughout 2023. In total, the 48 GPS taggings carried 
out since 2022 have already generated over 1.5 million locations, 
making it likely one of the largest and most diverse pre-operational bird 
tagging projects in Spain.

Study area Eurasian 
stone-
curlew

Little 
bustard

Lesser 
kestrel

Black-bel-
lied sand-

grouse

Pin-tailed 
sand-

grouse

Mon-
tagu’s 

harrier

MADRID 5 1 0 0 0 0

SEVILLA 0 1 5 0 0 4

TOLEDO 0 0 0 0 0 0

ZARAGOZA 0 0 0 0 0 0

TOTAL
(2022-2023) 10 9 15 2 4 8

The Eurasian stone-curlew is a species of crepuscular and nocturnal habits, for which rea-
son the taggings are carried out by specialized technicians and techniques by means of 
different capture methods and the use of thermographic cameras.

Table 1. 
The number of tagged individuals by the Chair in 2023 and the total number of individuals 
tagged since the start of the project (2022-2023)

Habitat use of threatened steppe bird spe-
cies in the pre-operational stage of future 
photovoltaic solar plants

>

GPS transmitter used in the 
tagging of Montagu’s harriers. 
The weight of the transmitters 
depends on the species, it nev-
er exceeds 3% of the animal’s 
weight in order to minimize 
possible negative effects.
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RESEARCH LINE

MONTAGU’S HARRIER The Montagu’s harriers tagged to date have shown wide dis-
persal movements within the Iberian Peninsula before mi-
grating to Africa, traveling up to 600 km from the tagging area 
in Seville and visiting areas in Castile and León, Extremadura, 
and Portugal. The collected data indicate wintering areas in 
Mali, Senegal, and southern Mauritania, in West Africa. 3 Mon-
tagu’s harriers continue to send data in 2024, and the death 
of 2 individuals has been confirmed with unknown causes.

One of the dispersal areas used by two of the marked Montagu’s harriers was 
Llanos de Cáceres, a high ecological value agro-steppic area, visited in June.
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RESEARCH LINE

LITTLE BUSTARD The information provided by the tagging of little bustards in 
2022 and 2023 has shown dispersal movements of more 
than 200 km from the breeding areas, visiting areas such as 
Zamora, Soria, or Évora (Portugal). In the breeding areas, little 
bustards have shown a very small ranging area of less than 10 
km2 during the spring. This behavior is typical for this species 
with a dispersed lek mating strategy, where males remain in 
one or several adjoining plots while performing their mating 
ritual. 5 little bustards continue to send data in 2024, and the 
death of 2 individuals has been confirmed likely preyed by a 
raptor.

Little bustards generally exhibit a very reduced home range during breeding 
season.
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RESEARCH LINE

EURASIAN STONE-CURLEW Of the 10 Eurasian stone-curlews tagged since 2022, 3 have 
wintered on the coasts of Morocco and Algeria, and 7 in 
southern Spain. Data collected by GPS shows that at least 4 
of the 5 tagged in 2022 have returned to the same breed-
ing areas in 2023 for breeding. Regarding their foraging 
areas, these have been proven to be very limited during 
the breeding season, with some months having areas of 
less than 3 km2. In 2023, one of the marked stone-curlews 
showed signs of possible successful breeding within a pho-
tovoltaic plant in Toledo.

Landscape structures and field margins may influence the behavior of spe-
cies, like in the case of this Eurasian stone-curlew individual.
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RESEARCH LINE

LESSER KESTREL The limitations of the GPS model used for tagging Lesser 
kestrels due to its weight, require the individual to fly near 
the data reception antenna to download the collected GPS 
data. This reduces the information obtained for this spe-
cies. However, two individuals marked in 2022 in Seville 
have data downloded from 2023, showing their wintering 
areas located in Senegal and Mali, in West Africa. During the 
breeding season individuals have shown ranging areas of 
less than 500 km2.

The daily movements of Lesser kestrels vary depending on where food is availa-
ble. In this case, the movements of the individuals marked in a breeding colony 
in Madrid (yellow point) reach the agro-steppic area of Campo Real, located 7 
km east of the colony.
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Some tagged Pin-tailed sandgrouse individuals have shown movements of 
several kilometers from the breeding area to access water, like in this case; to 
agricultural fields near the river.

RESEARCH LINE

PIN-TAILED SANDGROUSE
BLACK-BELLIED SANDGROUSE

Since the inception of the Chair, tagged Pin-tailed sand-
grouses and Black-bellied sandgrouses have shown rela-
tively short dispersal movements compared to other spe-
cies with a maximum of 80 km. Regarding breeding, one 
Black-bellied sandgrouse and one Pin-tailed sandgrouse, 
both marked in Zaragoza, showed signs of possible egg 
hatching in 2022, but none in 2023. These two individu-
als are the only ones still providing data in 2024, while the 
death of 1 Pin-tailed sandgrouse individual has been con-
firmed, with unknown causes.

Black-bellied sandgrouse

Pin-tailed sandgrouse
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RESEARCH LINE

To study the potential attraction effect of photovoltaic panels 
on birds, nocturnal bird migration acoustic monitoring has begun in 
3 areas where photovoltaic solar projects are planned (Dehesa 
Nueva del Rey in Toledo, Guillena in Seville, and San Pedro in Murcia). 
Wetlands are resting and feeding habitats for waterbirds, which they 
visually identify at night by the reflected light on the water surface. There 
are indications from other countries that photovoltaic panels might be 
mistaken for water surfaces during nocturnal migration, as they also re-
flect this light, potentially creating an attraction effect that could lead to 
collisions with the panels during migration. This hypothesis is referred 
to as the “lake effect.” By using sound recorders to capture bird vocali-
zations during these nocturnal flights and subsequently identifying the 
species using artificial intelligence tools, it is possible to determine the 
species and the relative abundance of birds that  have flown over the 
area, thus allowing the evaluation of this potential attraction effect.

36 acoustic recorders were placed during the autumn migration 
as a first monitoring activity in 2023 and has provided the opportunity 
to acquire information on the migratory patterns of the target species 
during the pre-operational phase of each project. Additionally, 10 re-
corders were added during the spring migration as a pilot study and 
were installed in the already constructed La Asomada plant in Murcia.

This is a pioneering research project aiming to analyze at analyzing the 
potential impacts of photovoltaic plants, which have been poorly stud-
ied in Europe to date.

Graphical representation of a nocturnal flight vocalization (sonogram) of a Eurasian 
curlew.

Graphical representation of a nocturnal flight vocalization (sonogram) of a Eurasian 
curlew.

Assessment of the “lake effect” of photovol-
taic solar plants on migratory birds

>
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RESEARCH LINE

Location of study areas for the lake effect hypothesis. La Asomada was sampled in the 
spring, unlike the other areas which were sampled in summer and autumn.

 * Future or existing photovoltaic plants

Within photo-
voltaic plant* Control

D.N. del Rey /  TOLEDO 2 10

San Pedro /  MURCIA 3 9

Asomada /  MURCIA 2 8

Guillena /  SEVILLA 5 7

Study areas

Acoustic recorders installed

Monitoring months

Obtained TeraBytes of recordings

Current use of AI tools for analysis

4  /

36  /

4  /

3  /

2  /
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RESEARCH LINE

In the spring of 2023, a pilot experiment on nest predation rates 
within photovoltaic solar plants (La Asomada, in Murcia) was con-
ducted using artificial nests and camera traps that allow for predator 
identification. Initial results seem to indicate that there are no differen-
ces in predation rates between inside and outside the plant; however, 
the intention is to continue and expand the study to other photovoltaic 
plants and improve its design to obtain more robust results.

Example of an artificial nest used in the study (left) and a natural nest of the Eurasian 
stone-curlew (right). In each location 3 quail eggs were placed, one of which was filled with 
plaster to identify signs of predation. Additionally, camera traps were placed at 14 nests to 
complement identification through images. The nests were checked 12 and 23 days after 
placement.

Common hedgehog (top left), Western jackdaw (top right), and Eurasian stone-curlew (bot-
tom right) identified as predators in this study.

Pilot test to evaluate the effect of photovol-
taic solar plants on nest predation

>

Artificially recreated nests

Installed camera traps 

Monitoring days

Identified predator species

55  /

14  /

23  /

3  /
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RESEARCH LINE

A review process of existing scientific literature on the charac-
terization and analysis of home ranges of seven steppe bird spe-
cies has begun in order to detect the level of existing knowledge. Un-
derstanding the home ranges of different species throughout their life 
cycles is relevant in assessing the spatial scale of the potential impacts 
of photovoltaic projects. In 2023, existing literature for four species has 
been reviewed, three of which have shown significant limititations in 
information regarding their home ranges.

Preliminary results on the frequency of use of different types of positioning devices in re-
viewed scientific studies for the Montagu’s harrier (left, in blue) and for the Pin-tailed sand-
grouse (right, in green). The types of devices vary in the method of obtaining and sending 
location data and are: GNSS (Global Navigation Satellite System; data obtained via satellites 
and sent through mobile networks or manual download; high precision and high data fre-
quency); ARGOS (Advanced Research Global Observation Satellite; data obtained and sent 
via satellites; low precision and high data frequency); and VHF (Very High Frequency; data 
obtained and sent manually via fixed or mobile radiofrequency antennas; medium to high 
precision and low data frequency).

Literature review of home ranges of seven 
steppe bird species

>

ARGOS

GPS

VHF

ARGOS

GPS

VHF

16,7%

16,7%
66,7%

27,3%

27,3%

45,5%

Reviewed 
species

Articles 
analyzed

4 28

Montagu’s harrier Pin-tailed sandgrouse
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RESEARCH LINE

A comparative study has been conducted to identify which sam-
pling technique maximizes the detection of the Eurasian stone-
curlew in spring, thereby assisting in obtaining more reliable estimates 
of population size and trends. Sixty locations in Catalonia have been 
sampled using two different methods and at two different times of the 
day. Pending the completion of statistical analyses, there appears to be 
a higher detection rate in the hours closest to sunset.

Comparative study of sampling methods for 
the Eurasian stone-curlew

>

Study location

Surveys conducted

1   /

180   /

Hourly variation in the number of Eurasian stone-curlew 
detected
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PhD student1

RESEARCH LINE

During 2023, Laura Solé Bujalance joined the research team of the 
Chair thanks to a doctoral student contract. Her thesis will focus on 
analyzing different interactions between solar photovoltaic plants and 
bird communities in agro-steppic environments.

Expansion of the research team
>

Team

Technicians and researchers steppe forward
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RESEARCH LINE

During 2023, collaboration began with the ELECTROSTEPPE project 
“Evidence-based solutions for an ecological transition compatible with 
the conservation of Iberian steppe birds,” which ends in 2024. This is 
a competitive research project funded by the Ministry of Science and 
Innovation, led by the National Museum of Natural Sciences (CSIC) and 
the Institute of Research in Game Resources (CSIC-UCLM), where 4 re-
searchers from the Chair actively participate in the research team. 

The overall objective of the ELECTROSTEPPE Project is to provide solid 
scientific evidence for the development of renewable energy projects 
in Spain that significantly mitigate negative impacts on populations of 
steppe birds of high conservation interest.

Collaboration with other projects
>

Link

Collaboration with external 
projects1

https://www.irec.es/investigacion/proyectos-de-investigacion/proyecto-electrosteppe-transicion-ecologica-y-conservacion-aves-esteparias/
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RESEARCH LINE

Researchers from the Steppe Forward Chair have participated, along 
with other research entities, in the publication of 2 scientific articles 
in international journals related to the Chair’s objectives.

Publication of scientific articles
>

Participation in two published 
scientific articles2
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RESEARCH LINE

Temporal trends in land-use favorability for strongly declin-
ing little bustard: assessing the role of protected areas.

Article co-led by the Autonomous University of Madrid and the Research 
Institute on Game Resources (IREC, CSIC-UCLM-JCCM) and published in 
the journal PeerJ, where David González del Portillo (technician) and 
Manuel B. Morales (coordinator) associates of the Chair participated 
as co-authors.

The little bustard (Tetrax tetrax) is a steppe bird strongly and negatively influ-
enced by agricultural intensification in Europe. Here, we use the little bustard 
as a model species to examine how favourability (relative occurrence likelihood 
of a species based on environmental characteristics, such as habitat availability) 
varies regionally with degree of protection in north-western Spain. The Natu-
ra2000 network is one of the main biodiversity conservation tools of the Euro-
pean Union, aiming to protect areas hosting species of conservation concern 
from unfavourable land-use changes. The network covers many landscapes 
across the continent, including farmland. Additionally, we examine the rela-
tionship between trends in land-use favourability and little bustard population 
trends over a decade in the Nature Reserve of Lagunas de Villafáfila, a protected 
area also in the Natura2000 network where active and intense management fo-
cused on steppe bird conservation is carried out. Favourability was much great-
er in Villafáfila than in both protected areas with lower degree of protection and 
in non-protected areas. Land-use favourability increased slightly between 2011 
and 2020 both in and out of protected areas, whereas little bustard populations 
declined sharply in that period, even in Villafáfila. Spatial variations in little bus-
tard abundance within Villafáfila depended on social attraction (increasing with 
the number of neighbouring males) but not significantly on small-scale varia-
tions in land-use favourability. These results suggest that land-use management 
in Natura2000 areas needs to be more conservation-focused, favouring natural 
and seminatural habitats and traditional farming practices to improve land-use 
favourability for little bustards and other steppe birds. Additional factors, such 
as field-level agricultural management or social interaction variables that may 
cause an Allee effect, should be incorporated in little bustard favourability mod-
els to improve their use in conservation planning.

Link

https://peerj.com/articles/16661/
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RESEARCH LINE

Addressing the challenge of photovoltaic growth: Integrat-
ing multiple objectives towards sustainable green energy 
development.

Article led by the University of Seville and the Forest Science and Tech-
nology Centre of Catalonia, with the participation of the Center for Eco-
logical Research and Forestry Applications (CREAF), published in the 
journal Land Use Policy, where Gerard Bota (coordinator) associate of 
the Chair participated as co-author

Photovoltaic production is growing globally thanks to  climate change mitiga-
tion  efforts. However, this growth is seldom planned which can lead to con-
flicts with other land uses, mostly  agriculture  and biodiversity conservation. 
There is, therefore, urgent need for adequate planning to minimise potential 
conflicts. We demonstrate how to identify priority areas for photovoltaic de-
velopment to meet projected targets for 2050, as well as critical areas for the 
maintenance of different types of agriculture and biodiversity conservation, us-
ing Catalonia (NE Spain) as a case study. We tested three planning scenarios 
simulating alternative photovoltaic development models: setting targets at the 
whole regional scale or splitting those targets across counties distributing them 
equitably by county energy demand or area available for photovoltaic devel-
opment. Photovoltaic targets could only be achieved when setting targets at 
the whole of Catalonia scale, although leading to heterogeneous distribution 
of development efforts and associated impacts on agriculture and biodiversity 
across counties. Setting targets for each county based on energy demand was 
far from achieving the regional photovoltaic development target, driven by the 
limited land available in some highly urbanised counties, where energy demand 
concentrates. On the other hand, setting targets based on area available within 
each led to the most equitable distribution of potential impacts of photovoltaic 
development, while also approaching the regional photovoltaic development 
target. Adequate planning of photovoltaic development will be key to ensure 
that photovoltaic development does not flourish at the expenses of other land 
uses, like maintenance of agricultural production or biodiversity.

Link

https://www.sciencedirect.com/science/article/pii/S0264837723000583
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TRANSFERENCE
2023
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STEPPE FORWARD
TECHNICAL CONFERENCE

COMPENSATORY MEASURES 
IN PHOTOVOLTAIC PROJECTS

Technical Prescriptions for Design 
and Implementation

TRANSFERENCE LINE

The 2nd Steppe Forward Technical Conference was held in Madrid. 
These technical conferences were initiated in 2022 with the aim of be-
ing an annual meeting point for various stakeholders (administrations, 
energy sector, scientific community, environmental consultants, etc.) to 
transfer and discuss relevant aspects related to photovoltaic develop-
ment and biodiversity conservation. 

This year’s event was titled “Compensatory Measures in Photovoltaic Pro-
jects: Technical Prescriptions for Design and Implementation at Differ-
ent Scales,” featuring 9 presentations and 1 high-level technical and 
scientific panel discussion. The event was a great success, with 268 
attendees, who highly appreciated the logistics and theme of the day.

Celebration of the 2nd Steppe Forward 
Technical Conference

>

Participants Presentations Debate table

268 9 1

From left to right: Manuel B Morales (Coordinator of the Steppe Forward Chair), Yago 
Mancebo (General Director of TotalEnergies), Irene Aguiló (General Director of Biodiversity 
and Forest Management of the Comunidad de Madrid), Fidel Rodríguez (General Director 
of FUAM) and Gerard Bota (Coordinator the Steppe Forward Chair).
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TRANSFERENCE LINE

From left to right: Javier Sáenz (), Yago Mancebo (General Director of Total Energies), Hugo 
Morán (Environment State Secretary), Gerard Bota (Coordinator of the Steppe Forward 
Chair) and Manuel B Morales (Coordinator of the Steppe Forward Chair).

0

0
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100
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150
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200
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250

Assessment of the Workshop by attendees

Participant Profile Types (%)

Number of attendees by origin

Interest in the 
topics addressed 

Quality of the 
presentations 

Organization 
of logistics 

Final 
assessment 

Application of 
acquired content

Comunidad de Madrid
Castilla - La Mancha
Andalucía
Extremadura
Aragón
Comunidad Valenciana
Castilla y León
Catalunya
Portugal
Galicia
Navarra
USA
Mexico
Germany
Islas Canarias
País Vasco

Speakers:  
      Scientific Community
      Administrations
      Environmental NGOs

Attendees: 
      Environmental Consulting
      Industrial Sector
     Administrations
      Scientific Community
      Environmental NGOs

Completely disagree Totally agree
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TRANSFERENCE LINE

For the second consecutive year, a technical field visit was conduct-
ed. This year, the visit took place in Catalonia to learn about the im-
plementation of compensatory measures aimed at steppe birds 
in the Segarra-Garrigues irrigation project. The CTFC acts as the sci-
entific entity responsible for coordinating and scientifically evaluating 
the monitoring of compensatory measures in this Segarra-Garrigues 
irrigation canal project. Their implementation model, based on adap-
tive management measures through continuous reassessment of their 
effectiveness, will serve as inspiration for implementing compensatory 
measures in photovoltaic projects for TotalEnergies technicians. The 
event was supported by personnel from Aïgues Segarra-Garrigues 
and Infraestructures.cat, the entities responsible for implementing the 
compensatory measures.

Technical field visit between the three enti-
ties of the Chair

>
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TRANSFERENCE LINE

With the aim of providing a quick search and consultation tool to facili-
tate access to existing scientific knowledge on the topic a specific web 
repository of scientific bibliography has been created for techni-
cians in both the public and private sector. This repository gathers all 
scientific literature published to date worldwide on the impacts and 
benefits of photovoltaic solar energy on different components of biodi-

versity, as well as the mitigation measures applied to minimize the nega-
tive impacts. Currently, this Observatory contains 180 articles, and the 
goal is to update it regularly with new advances in knowledge on the 
subject worldwide. The tool includes search features, a brief summary 
of the main results and conclusions, as well as a link to the original 
publication.

Creation of the Observatory of scientific 
literature related to photovoltaic solar 
energy and biodiversity

>

180 1.114
Scientific articles 

included to
date

Observatory site visits 
during November-
December 2023Link

https://steppeforward.eu/observatorio-bibliografia/
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TRANSFERENCE LINE

Link

https://steppeforward.eu/observatorio-bibliografia/
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TRANSFERENCE LINE

Link

Example of a list of scientific articles that meet the search criteria set by the user. Example of a summary sheet of an article

https://steppeforward.eu/observatorio-bibliografia/
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TRANSFERENCE LINE

The Chair has participated in 1 scientific conference and 1 techni-
cal workshop. 

Some of the provisional results to date within the framework of the 
Chair were presented at the 1st technical workshop of the Steppe 
Bird Research Group (GIAE). In the workshop held in December 
2023, 2 presentations were given, one on migration patterns of the 
Little Bustard and the other on the literature review of vital areas of 
steppe bird species. 

Additionally, the Chair was represented by Gerard Bota (coordinator) 
at a technical training workshop organized by BiodiversityNode and 
Naturgy titled “Compensatory measures and agricultural management 
programs for the conservation of steppe birds.”

Attendance at conferences and workshops
>

Technical 
sessions 

Scientific 
meeting 

1 1

MADRID

MADRID

1st GIAE Conference 
December 14-15, 2023

Compensatory measures and agricultural manage-
ment programs for the conservation of steppe birds
December 13, 2023
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OUTREACH
2023
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UTREACH LINE

An update on the format and content of the website that has been ca-
rried out, including new sections. During 2023, the website received 
5,800 views from 1,400 users from 10 different countries.

Website update 
www.steppeforward.eu

>

Link

Country of origin of users: 

884        SPAIN
131        UNITED STATES
105        FRANCE
232         OTHERS (Finland, Netherlands, Austria, 

Ireland, Germany, Portugal, and China)

https://steppeforward.eu/
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UTREACH LINE
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UTREACH LINE

Two new outreach videos have been produced, one on the 1st Techni-
cal Day of the Chair and the other on the milestones achieved in 2022.

Creation of outreach videos
>

Link

https://youtu.be/Z6fooU2miEE
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UTREACH LINE

Additionally, all presentations from this 1st Steppe Forward Conference 
have been added to the website in video format, accessible through 
the following link:

Link

https://steppeforward.eu/jornada-1/


Executive Summary 2023    / 34

UTREACH LINE

A outreach article focused on current political and social topics has 
been published in the Ethic magazines, accessible through the follow-
ing link:

Publication of an outreach article
>

Link

https://ethic.es/2023/07/plantas-solares-y-biodiversidad-el-reto-de-una-transicion-sostenible/


www.stepperforward.eu

https://steppeforward.eu/

