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Resumo

Ecossistemas na Europa estio seriamente danificados (em biodiversidade e abundancia)
pelos distarbios provocados pelo homem, como é o caso das paisagens em Portugal afetadas
pelo abandono agricola e escassez de vida selvagem, levando a invasio de mato,
homogeneidade da vegetagdao e solos pobres. Programas de gestio da paisagem sdo assim
vistos como essenciais, mas o problema dos incéndios florestais continua a criar perdas
socioeconoémicas, com tendéncia para aumentar devido as altera¢Oes climaticas. A cabra-
montesa ¢ um herbivoro da Peninsula Ibérica, afetado por disturbios humanos que quase
levaram a sua extin¢ao. Atualmente esta presente nas paisagens espanholas e Pirenéus, devido
a programas de restauro, mas em Portugal esta restrita a uma zona no Norte. Este estudo
procura avaliar o potencial que a espécie apresenta enquanto ferramenta para futuros
programas de gestao e restauro da paisagem, pelo seu potencial em poupar custos e fornecer
varios beneficios ambientais. O trabalho compara do ponto de vista econémico-ambiental,
uma abordagem de gestdo ativa através de intervencées humanas no terreno e um método
de gestdo passiva com a reintrodu¢ido da cabra-montesa em varias areas do territorio
portugués, na forma de uma iniciativa rewilding.

Em primeiro lugar, ¢ fornecida uma visao geral sobre as condigdes para a reintroducao
desta espécie em Portugal. A parte central do trabalho desenvolve uma estimativa econémica
baseada no potencial para desta espécie para poupar custos em gestdo da paisagem, bem
como avaliar possiveis despesas de gestao e fundos necessarios para a sua reintroducao. Por
ultimo, sao apresentados os provaveis efeitos no ecossistema pela sua presenga, com base
em dinamicas documentadas.

Os resultados mostram condi¢des favoraveis para que esta espécie regresse a mais areas
do territério portugués. A partir da analise econémica, foi possivel determinar que os
beneficios associados a presenca da espécie na paisagem superam os custos. Os efeitos
globais sobre a paisagem denotam ser positivos, uma vez que favorece outros animais e criar
oportunidades ao ecoturismo. A presenca da cabra-montesa nas paisagens portuguesas tem
potencial para prevenir incéndios florestais, permitir que a vida selvagem prospere, prestar
uma vasta gama de servicos de ecossistemas e ajudar a desenvolver futuras paisagens
resilientes que possam combater as alteragoes climaticas.

Palavras-chave: Rewilding, Reintroducao, Cabra-montesa, Restauro de ecossistemas,
Gestao da Paisagem, Economia
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Abstract

Ecosystems in Europe are seriously damaged (in biodiversity and abundance) by man-
made disturbances, which is the case of landscapes in Portugal affected by agricultural
abandonment and wildlife scarcity, leading to bush encroachment, vegetation homogeneity
and poor soils. Landscape management programs are therefore seen as essential, but the
problem of forest fires continues to persist and create socioeconomic losses, with tendency
to increase due to climate change. The Iberian Ibex is an herbivore from the Iberian
Peninsula, affected by human disturbances that almost led to its extinction. Currently, it is
present in Spanish landscapes and the Pyrenees due to restoration programs, but in Portugal
is restricted to only one area in the North. This study seeks to evaluate the potential of this
animal species has a tool in future landscape management and restoration programs, by its
potential to save costs and deliver several environmental benefits. The work compares from
an economic and environmental perspective, an active management approach through
human interventions on the land and a passive management method with the reintroduction
of the Iberian Ibex to several areas on the Portuguese territory, as a rewilding initiative.

First, an overview on the conditions for the reintroduction of this species in Portugal is
provided. The core is the economic estimation based on the potential for this animal to save
landscape management costs, as well as assessing possible management expenses and funds
required for its reintroduction. Lastly are presented likely landscape effects by its presence in
the landscape, based on documented dynamics.

The results show favourable conditions for this species return to many Portuguese areas.
From the economic analysis, it was possible to determine that the benefits associated with
the species presence in the landscapes outweigh the costs. Overall effects on the landscape
should be positive as it favours other fauna and opportunities for ecotourism. The presence
of the Iberian Ibex in Portuguese landscapes has the potential to prevent forest fires, allow
wildlife to thrive, deliver a wide range of ecosystem services and help to develop future

resilient landscapes that can tackle climate change.

Keywords: Rewilding, Reintroduction, Iberian Ibex, Ecosystem restoration, Landscape

management, Economics
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1. Introduction

1.1. Context

Overexploitation of natural resources and habitat fragmentation and destruction have led
to the degradation of many ecosystems, rising environmental problems that can severely
affect the future of humanity survival (IPBES, 2019; IPCC, 2019; Vitousek et al., 1997).

Ecosystems are a fundamental part for the balance of our planet by providing biological
cycles that are essential to support life (United Nations Decade on Ecosystem Restoration
2021-2030, 2021). Many, like forests, “provide vital habitats for millions of species, and
important sources for clean air and water, as well as being crucial for combating climate
change” (United Nations Development Programme [UNEP], 2021, para. 1).

With climate change and biodiversity loss, many important ecosystems have been
damaged, leading to insecurity, conflicts and corruption (United Nations Development
Programme [UNEP], 2021). Now, more than ever, it is urgent to act and restore damaged
ecosystems. In alliance with this statement, the United Nation has defined the 2021-2030 as
the “Decade on Ecosystem Restoration” that “aims to prevent, halt and reverse the
degradation of ecosystems on every continent and in every ocean. It can help to end poverty,
combat climate change and prevent a mass extinction” (United Nations Decade on
Ecosystem Restoration 2021-2030, 2021, para. 2). The European Commission has published,
on June 22 of this year, the proposal for a first new restoration law, which can be a huge step
for a legally binding and cohesive biodiversity restoration, showing its magnitude of
importance in a future European economy (European Commission, 2022).

Human activities have pressed biodiversity loss, land use and shifts in ecological cycles
that pushes the Earth system beyond the boundaries that allow the human generations to
come, to be able to develop and thrive. By restoring ecosystems, we can giveback functional
habitats that contribute to the biosphere integrity and diversity, land-system change,
biochemical flows, ocean acidification and climate change mitigation — all of these are defined
planetary boundaries that regulate the Farth system and can contribute to its resilience and
stability (Steffen et al., 2015). New perspectives look at this journey of ecosystem restoration
as a positive narrative that projects a future with “wild and natural areas, sustainable

production and humans coexisting peacefully with wildlife” (Sandom, 2018, para. 10).



The economic field (mainly represented by students) and society has been expressing
new visions for accounting environmental problems and advocating for more practical
approaches that move away from theoretical abstract models and the standard economic
narrative, to frameworks that explore economic concepts viable to thrive on a sustainable
development perspective (Farle et al., 2016; Fischer et al., 2017). The Doughnut Economy
defines an economic framework where minimum societal needs are meet while not exceeding
planetary boundaries, incorporating the problems complexity that the economy needs to
consider and giving open answers on how to address them, while taking part on the
ecological economics in stating that economy is manifestly linked to the biosphere and the

society (Raworth, 2017).

Rewilding is a progressive approach to nature conservation that has a strong potential to
help as a tool to restore landscapes and mitigate climate change consequences, by re-
establishing fauna that leads to the restoring of natural ecosystem processes, and once they
become functional, allow nature to regulate itself (Pereira & Navarro, 2015).

In Europe, most managed nature reserves are uncapable of restoring landscapes as they
rely on similar agricultural practices done in the past, which has opened the door for the
study of ecologically functioning ecosystems, revealing that large herbivores have a key role
in “maintaining structural diversity in the vegetation and so biological diversity” by having
the capacity to transform landscapes, create resilient habitats and food sources for other
species (VanWieren, 1995, p. 11). This is particularly relevant in pasture or woodland zones,

where we benefit from having large herbivores for extensive grazing (VanWieren, 1995).

The Iberian Ibex (Capra pyrenaica) — presented in Figure 1 and 2, is a charismatic ungulate
native from the Iberian Peninsula. Hunting, habitat destruction and fragmentation, and
competition with domestic herds forced the disappearance of this species in most of all its
historical distribution. Yet, in the last two decades it has been expanding and gaining back
some territories, mainly thanks to rural abandonment and active conservation measures like
reintroduction programs in Spain (Acevedo et al., 2021; Herradén, 2015). Currently it is
present in one region of Portugal — “Parque Nacional da Peneda Gerés” — and thanks to a
Spanish reintroduction program, in several parts of Spain and in France, on the region of the

Pyrences (Acevedo et al., 2021). In the Iberian Peninsula, the Iberian Ibex has particulatly
2



relevance, being one of the two only herbivores capable of grazing rugged areas (the other
one is the Chamois) (Torres et al,, 2017), which makes it a key species for providing
ecosystem dynamics in Mediterranean mosaic landscapes, particularly the high-altitude rocky

mountains with cliffs (Acevedo & Cassinello, 2009a; Danell et al., 2000).

kP ST
Figure 1 - Females and yearlings of the Iberian Ibex species (captured in Las Batuecas - Sierra de Francia
Natural Park)

Figure 2 — Male Iberian Ibex (Capra pyrenaica) (Widstrand, 2019)



The domestication of the goat changed the landscapes from which the Iberian Ibex used
to inhabit in a time when the development of rural communities was based on agriculture
and livestock. With rural abandonment becoming now more of a reality, the loss of grazing
and browsing ungulates have left the landscapes defective, with highly concentrated
inflammable vegetation and poor soils, so the effort to control biomass quantities to mitigate
and avoid the effects of forest fires has relied mainly on mechanic and manual human work
(Batary et al., 2015; Schou et al., 2021). The program of the Forest Sappers, controlled by the
ICNF (“Instituto da Conservacao da Natureza e das Florestas”), is the most relevant source
of landscape management in the Portuguese territory, aiming to protect the forest and reduce
the occurrence of forest fires by applying natural and artificial methods for forest
regeneration that meet society needs (known as silviculture) (Decteto Lei n® 44/2020, 2020).
Yet, existing gaps in these ecosystems still remain, the outcomes are difficult to meet
desirable necessities and costs are high and similarly constant each year (ICNF/FEP, 2021b).
Ecosystems are incomplete and ecological cycles still need to be re-established in order to
create adaptable and resilient landscapes. For that, the inclusion of fauna that play significant
ecological roles in landscapes can be the answer to bring back ecosystems that can function
harmoniously and help mitigate climate change consequences as well as human well-being

and safety (Aronson et al., 2010).

1.2. Motivation and Relevance

The rewilding approach is still underexplored in the literature, which makes this strategy
for restoration of ecosystems innovative and with high pertinence for the times we live in,
where we do not only need to fix ecosystems but also restore biological diversity and
abundance. It has been considered a cost-efficient approach to obtain the results that human
intervention has been trying to achieve unsuccessfully and with high investments — low
returns (Schou et al., 2021; Verissimo, 2020). In Portugal, we can benefit from the farmland
abandonment areas to reintroduce herbivores like the Iberian Ibex and help restore wildlife
at the same time we initiate a step into landscape restoration in our territory (Ceausu et al.,
2015).

Having the Iberian Ibex, the almost exclusive ability to graze and browse on rugged areas,

the only possibility to replicate that currently is by human management actions, which takes



high costs of management and labour and is constantly needed, since the natural cycles of
the ecosystems remain damaged for the absence of players like large mammals (Batary et al.,
2015; Hobbs, 2006). From that, the reintroduction of the Iberian Ibex will give back a species
that helps to complete those cycles. The species ecosystem dynamics like the grazing and
browsing behaviour (increasing vegetation heterogeneity, transforming biomass in dung and
incorporating more carbon into the soil, which reduces the risk of forest fires and improves
carbon sequestration), makes this approach promising for climate change mitigation
(Schmitz et al., 2014). Can also serve as a relevant prey to the Iberian Wolf and help solve
conflicts with livestock owners and save money from compensatory costs (Alvares et al.,
2015). Yet, far too little attention has been given to this animal species in Portugal, with no
perspectives on its restoration being expressed, which contrasts with the Spanish and French
positions (Fonseca et al., 2017; Le Retourn du Bouguetin dans les Pyrénées, 2022). No study
evaluates the suitability for the Iberian Ibex to return to more areas in Portugal based on
social, environmental and economic terms (only one study develops a suitability model based
on environmental criteria for its return to the Coa Valley (Torres et al., 2017)). Population
dynamics in the Iberian Ibex are described in the literature (Garcia-Gonzalez et al., 2020),
but concrete potential for landscape restoration and economic analysis of possible landscape
management actions and respective costs, supported on a practical case, has not been carried
out.

Ultimately, the reintroduction of the Iberian Ibex in the Portuguese territory is
significantly relevant to the future targets on grasslands, forests and rocky habitats of the EU
Restoration Law, which will include “improving and re-establishing biodiverse habitats on a
large scale, and bringing back species populations by improving and enlarging their habitats”
(European Commission, 2022, Section Targets, para. 2).

The study findings should also be a significant contribution to economic and
environmental fields by exploring the economic involvement of reintroducing an iconic
species that has potential to act has a landscape engineer and show the benefits of rewilding,
a passively managed conservation approach. Such an experimental work is one of the first
practical investigations in Portugal to provide information on how rewilding measures
(reintroductions/ translocations) might save ecosystem management costs.

Nevertheless, it is important to note that is beyond the scope of this dissertation to study

all possible indirect costs and benefits that the reintroduction of the Iberian Ibex in other
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Portuguese areas might generate and detailed conditions for its possibility, which tends to
only be possible to evaluate after the development of a reintroduction program (Seddon et
al., 2007). Also, these programs rely on advanced habitat suitability models, social and cultural
context in each zone and other specific research IUCN/SSC, 2013). Even so, this study
presents pioneering likely results and opens the debate about a possible return of the Iberian
Ibex to the Portuguese territory, given the fact that the only Portuguese place that the Iberian
Ibex currently inhabits does not have a strategic plan for population development and neither
the ICNF or the Portuguese Government have implemented any measures for an expansion
of this animal species, with only three studies discussing the Iberian Ibex state in Portugal

(Fonseca et al., 2017; Mogo et al., 2006; Torres et al., 2017).

By working directly with Rewilding Portugal, this internship gave me the opportunity to
gain experience with the rewilding approach and better know the work they do, namely in
economic development of local communities through the so-called nature-based economy.
I also had the chance to collaborate with a multidisciplinary team and discover the Greater
Coba Valley, which made the process of developing the master dissertation very rich, both

personally and professionally.

1.3. Objectives

The main objective of this dissertation is to explore the economic argument for the
reintroduction of the Iberian Ibex in areas of Portugal by its potential to save landscape
management costs. Additionally, two goals complement the proposal: to evaluate the
suitability for Iberian Ibex’s return to the Portuguese territory through a range of factors and
to examine the Iberian Ibex potential for enhancing ecosystem services and improve the
resilience of landscapes. This study will help provide scientific content to complement a

future proposal for the reintroduction of the Iberian Ibex in Portugal.

1.4. Report structure

The present study is structured as follows, inspired on the work of Verissimo (2020).
Chapter 2 offers a literature review to explore the main concepts and theoretical information

related to the field of study, emphasising the importance of restoring ecosystems, as well as
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a critical review on economic analysis of landscape management followed by a critical analysis
of the Forest Sappers program and considerations for rewilding, namely with the Iberian
Ibex in Portugal. The methodology (chapter 3) presents the research question that leads to
an explanation of the chosen structure for this study. Chapter 4 provides an exploratory
analysis on the conditions for the Iberian Ibex to return for more Portuguese landscape areas.
Then, the core of this dissertation - the case study, compares from an economic perspective
two strategies for landscape management: firstly, by an active way, in the form of direct
human actions based on the guide and program of the “Sapadores Florestais” (forest
sappers); and secondly, by a passive way, with a rewilding approach that rehabilitates the
ecosystem functions by restoring the wild populations of the Iberian Ibex. In chapter 6 the
Iberian Ibex effects on the landscape are examined in terms of improving ecosystem services.
Thereafter follows a chapter devoted to a final discussion that evaluates the state of EU
institutions and Portuguese Government on behalf of nature restoration and brings the final
arguments for the reintroduction of the Iberian Ibex in Portugal based on the study findings,
as well as a moral consideration on this matter. Finally, the concluding chapter expresses the
final remarks on the dissertation, which includes main findings of this study, limitations, and

recommendations for possible future research.






2. Literature Review

2.1 Theoretical framework and Key Concepts

In this section of the literature review the main concepts that sustain this study are
presented, considering an economic perspective, as well as the theoretical dimensions of the
research. Concepts such as ecosystem restoration, rewilding, and ecosystem services will be
presented. The highlight will be for the role of apex predators and keystone species in
ecosystems and their economic benefits, with a specific focus on medium/large herbivores

and their landscape management capacity.

The Convention on Biological Diversity defines ecosystem restoration as “the process of
managing or assisting the recovery of an ecosystem that has been degraded, damaged or
destroyed as a means of sustaining ecosystem resilience and conserving biodiversity”
(Convention on Biological Diversity [CBD], 2019, p. 4). Nevertheless, it is important to note
that conservation of biological diversity and ecosystems should be the priority, to maintain
ecological stability and provide ecosystem services, through reducing pressures or
disturbances (Convention on Biological Diversity [CBD], 2019). In this way, ecosystem
restoration acts as a complement to conservation actions, and tends to use a native ecosystem
as a reference to establish the restoration objectives. Despite that, we need to take into
consideration that changes in biotic and environmental conditions is part of the natural
dynamics of ecosystems and climate change has caused variations on certain patterns, so the
recovery of an ecosystem can rely on their historical state as a guide, but aim to provide
resilience to the circumstances in the present and predicted future (CBD Secretariat and
Society for Ecological Restoration, 2019; Higgs et al., 2014; Hobbs & Harris, 2001).

Jones et al. (2018) presented a meta-analysis on documented ecosystem recovery from
large-scale disturbances and suggests that a passive way (without human intervention) can be
the best option, in some cases, with just ending the disturbances that are causing most
damages, although it’s relevant to note that some methods of this study have been questioned
(Larkin et al., 2019).

The economic studies on ecosystem restoration show economic benefits from taking

actions and more predictable economic costs from inaction (Stafford et al., 2017). According



to the United Nations Environment programme and the Food and Agriculture Organization
of the United Nations, “between now and 2030, the restoration of 350 million hectares of
degraded terrestrial and aquatic ecosystems could generate 9 trillion dollars in ecosystem
services” and “the economic benefits of such interventions exceed nine times the cost of
investment, whereas inaction is at least three times more costly than ecosystem restoration”
(UNEP & FAO, 2021, para. 3). At the same time, ecosystem restoration can offer
opportunities for job creation, regulate diseases, reduce risk of climate disasters and provide
more food security (UNEP, 2019). The Wotld Economic Forum (WEF) on the “New
Nature Economy Report II: The Future of Nature and Business” affirms that “over half of
the global GDP, 44 trillion dollars, is potentially threatened by nature loss” (WEF, 2020, p.
8). This indicates that economy depends clearly on nature and stable ecosystems to thrive.
The World Wide Fund for Nature (WWF) also notes that Portugal will be one of the main
affected countries in terms of a negative impact on the national GDP % resulting from the
changes and loss of essential ecosystem services (WWT, 2020).

It is also necessary to clarify the concept of ecosystem services (ES), which is often
referred in the context of ecosystem restoration projects or studies. While a variety of
definitions and approaches of this concept have been suggested since the 1970s (Johnston,
2018), depending on how its link to human well-being is viewed, Costanza et al. (1997, p.
253) define the term of ES as “the benefits human populations derive, directly or indirectly,
from ecosystem functions”.

To capture the meaning of this benefits, it is important to quantify them in monetary
terms, and for that, the quantification began in formal economic methods with
environmental economics, with Costanza et al. (1997) estimating 17 ecosystem services to
range from 16 to 54 trillion per year. Later more research started to discuss how to value ES,
being really amplified in the last decade (Birkhofer et al., 2015), questioning more deeply the
relationship between ecological and socioeconomic systems to measure the impacts on
human welfare, and evaluating the values of different types of ES to understand to what
extent should this values by quantified in monetary terms or just by his value on its own
(Blahna et al., 2017; Johnston, 2018)

The “United Nations Millennium Ecosystem Assessment” (Millennium Ecosystem
Assessment [MEA]) evaluated the consequences of ecosystem change and presented a

classification to categorize the ES: provisioning services (such as food and fresh water),
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regulating services (like climate and disease regulation), cultural services (educational,
aesthetic, etc.) and supporting services (cycling nutrient, soil formation, and others)
(Millennium Ecosystem Assessment [MEA], 2005). Later, the European Environment
Agency developed the “Common International Classification of Ecosystem Services” to
provide a reference international classification and make the connections between different
classification systems, in a way to make it simpler to measure, account for, and evaluate ES,
so that it can offer some standardisation. It consists of a hierarchic classification divided in
three major sections: Provisioning (nutritional, non-nutritional material, and energy),
Regulation and Maintenance (ways in which living organisms can mediate the environment
that consequently affects human well-being, like air quality), and Cultural (non-material
outputs of ecosystems that affect physical or mental health, such as cultural landscapes and
tourism) (Haines-Young & Potschin, 2018).

Regarding the concept of Rewilding, it is something that despite being relatively new, it
has been defined and approached in various forms. The founder of the Rewilding Institute
and cofounder of the Wildlands Network, Dave Foreman, was the first to create the term
(Foote, 1990; Foreman, 2003), on a purpose to apply “a North American system of
connected strictly protected areas able to support ecologically effective populations of all
native species” (Johns, 2019, p. 12). It is originally focused on three pillars: large core
protected areas for covering the needs of a variety of animals, like foraging, and create
heterogenicity that decreases the risk for diseases to proliferate; connectivity through nature
corridors that insure long-term viability of animal species by enabling them to expand,
perform migratory movements and create the opportunity for a more species diverse habitat;
and the presence of keystone species (mainly large predators - carnivores), which provides
essential trophic interactions for the resilience of diverse ecosystems (Macdonald & Willis,
2013; Pettorelli et al., 2019; Soulé & Noss, 1998). This made rewilding a concept of large-
scale that served as an argument for continental-scale conservation (Johns, 2017; Soulé &
Terborgh, 1999). Further discussions since the 2000s made the term and concept more
expansive. Now, the pillar of keystone species has more meaning if thought on the
reintroduction of species to restore ecosystem functioning, being them a species on top of
the food chain or not (Macdonald & Willis, 2013). Rewilding is now referred to “action on
the landscape level with a goal of reducing human control and allowing ecological and

evolutionary processes to reassert themselves” (Klyza, 2001, p. 285). Nevertheless, some
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active interventions may be appropriate, like restoring regionally extinct species, regulate
hunting or to control invasive species (Pereira & Navarro, 2015). It brings a balance between
restoring autonomous ecological processes and human dynamics (Perino et al., 2019).

Instead of improving the conditions for specific threatened species to re-establish viable
populations like target habitat restoration, rewilding seeks to “restore missing or
dysfunctional ecological processes and ecosystem function via a process of species
reintroduction” (Macdonald & Willis, 2013, p. 431), making it a prospective alternative to
the common human managed approach to conservation that has been used especially in
Europe (Ladle & Whittaker, 2011).

At present, the scenario of rewilding in Europe has particularities and much different
than in the United States. In America, nature conservation is well distinguished by operating
in protected areas for wildlife, separated from human pressures. Animal species are
commonly hunted outside protected areas. Europe, being a densely populated continent
where the landscape is crossed by roads, villages and farmland, space for nature is scarce.
Yet, nowadays, the ecological and social conditions have changed considerably (like soil
composition, humidity, average temperature), and the fact that people live close or even
inside the potential rewilding areas (which are preferably protected areas) requires these types
of projects to take into account the coexistence between wildlife and human life, which
makes them susceptible to affect the status quo of the populations (Pereira & Navarro, 2015;
Perino et al., 2019). Nevertheless, by managing this animals-human relation and educating
society to the benefits of rewilding, the social acceptance is likely to increase and contribute
to the success of these projects (Perino et al., 2019).

The present situation in Europe brings opportunities to implement this kind of approach
in such a continent. Farmland abandonment has become a big reality since the globalization
of agricultural markets that made agriculture less profitable, raising social implications (for
example, aging of rural communities and decrease of basic public services for the populations
that lived in the abandoned regions) and ecological problems (loss of biodiversity and
ecosystem services) (Pereira & Navarro, 2015). The most common policy approaches has
been economic instruments like agro-environmental subsidies included in the Common
Agricultural Policy of EU and financial support to the least preferred areas, to maintain some

kind of low intensity farming that provides semi-natural grasslands to keep the ecosystems
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functioning, and to protect some habitats with species that benefit from extensive farmland
(Ceausu et al., 2015; Pereira & Navarro, 2015).

Rewilding in Europe hopes to bring an alternative, better approach to the practices
mentioned above, calling it the ecological rewilding. The focus is to create an on-going
process, that starts with historical baselines and think of alternative management strategies,
yet recognizes that we live in a “complex socio-ecological system where humans are an
integral component of our landscapes” and takes into consideration that ecosystems are
dynamic and constantly changing (Pereira & Navarro, 2015, p. vi).

The Rewilding approach has been successful where implemented, being able to restore
target species and others, as well as bringing back ecosystem functions (C. Sandom et al.,
2013), which also provides ecosystem services with considerable socioeconomic benefits
(Sukhdev et al., 2010), namely flood prevention, carbon sequestration and recreation services
like tourism (Pereira & Navarro, 2015), and with potential to help mitigate climate change
(Bakker & Svenning, 2018).

Although the progress of Rewilding has been satisfying, there are some concerns around
the concept. Lack of some scientific knowledge about past scenarios can make it difficult to
establish effective baseline conditions as well as knowing which baseline to choose, social
barriers that create conflict when the reintroduction of large predators is required to
complete the ecosystem cycles, and the need of sometimes large portions of land to create
reserves which can be unrealistic in some countries (Ladle & Whittaker, 2011). Jorgensen
(2015, p. 487) claims that the term can have many meanings, turning it into a “plastic word”,
and the practice of it dissociates humans from nature, relying on “historical ecologies prior
to human habitation”. However, the inaccuracy of the definition that not take the quality
that is at the core of rewilding, “non-human autonomy” (Prior & Ward, 2016, p. 133), and
that rewilding practices “requires a paradigm shift in the co-existence of humans and nature
(...) to create new sustainable economic opportunities, delivering the best outcomes for
nature and people” (Rewilding Thematic Group [RTG], 2021, p. 4), by creating rewilding
projects that include work with locals and regional companies for support, as an example.

A key to make rewilding work, is creativity. Soulé and Noss (1998, p. 26) argues that “The
greatest impediment to rewilding is an unwillingness to imagine it”. Can be something small

like putting hedgerows for birds, or large-scale to restore locally extinct species and make
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ecological corridors of long distances viable for large mammals (Pereira & Navarro, 2015;

Perino et al., 2019).

Two types of fauna are crucial for rewilding projects to thrive: apex predators and
keystone species (Pereira & Navarro, 2015; Terborgh & Estes, 2010). Apex predators are
species at the top of the food chain that maintain ecosystem stability and protect other
species through the establishment of natural trophic cascades. Keystone species have a
highlighted impact on the ecosystems they are present, by performing pivotal roles that allow
the ecosystems to be resilient (Bond, 1994; Tanasescu, 2017).

Despite some conservationists and wildlife scientists arguing that putting this label on
some animal or plant can overestimate their role in complex ecosystems, it’s a great social
strategy to reach the public and demonstrate the importance this species can have in
maintaining the survival of many others and keep ecosystems from breaking apart or being
dominated by invasive species (National Geographic Society [NGS], 2013).

This keystone species can have different important actions, being most divided on
literature in three types: the apex predators, ecosystem engineers or mutualists (National
Geographic Society [NGS], 2013). One example of apex predator can be the wolves, the
main predators of several animals like medium/small herbivores such as goats and rabbits
(Bond, 1994). The ecosystem engineers are the ones that have the abilities to create, change
or destroy habitats to adapt them to the current circumstances, like the beaver with his work
along riverbanks, creating dams with old and dead trees, which allows new trees to grow and
also diverts water to create wetlands, creating habitat for many animals and plants. Finally,
the mutualists, are the species that work in a symbiotic way, like the bees that collect pollen
and spread it, which allows for greater flower growth and at the same time produce pollen
as a source of food for themselves (National Geographic Society [NGS], 2013).

Several keystone species provide positive effects on biodiversity and social or economic
benefits. The reintroduction of beavers in Scotland is projected to be worth 2 million pounds
to the local economy by creating opportunities in nature-based tourism (Brown et al., 2011).
The sea otter in the United States West Coat, responsible for keeping kelp forests thriving as
an important food source and shelter to marine systems, by controlling the number of species
that feed from the seaweed, enhancing various ecosystem services for human, like gains in

carbon sequestration and tourism, outweighing the costs by seven times (Gregr et al., 2020).
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Some authors even argue that developing alternative states for situations where the apex
predators became extinct, can became unbearable in ecological and economic costs
(Terborgh & Estes, 2010).

Humans need to compensate when an ecosystem is not complete and execute actions as
alternatives to the ecological roles previously done by certain species that are now absent.
An example can be the lack of scavengers like vultures, which leads to more costs for
processing dead animals (Pereira & Navarro, 2015). From these problems, National
Geographic Society has expressed the opinion that “the vital role of keystone species in an
ecosystem is not fully appreciated until that species is gone” (National Geographic Society
[NGS], 2013, para. 9)

Turning now to the importance of landscape restoration. In the past, wild herbivores
were responsible for creating a certain type of landscape through grazing, which helped to
keep tree biodiversity, enrich the soils, and serve as prey to predators like the lynx or the
wolf. Human activity replaced this kind of natural disturbances and shaped landscapes in
another way, with the use of domestic animals to graze and controlled fires. But now, with
agricultural activities decreasing progressively, and large herbivores functionally extinct in
Europe, to maintain those “disturbance-dependent habitats™ is a challenging process (Pereira
& Navarro, 2015, p. 144).

The combination of rural depopulation, climate change (more hot and dry areas), lack of
tree diversity (with mostly dense scrub and flammable species e.g., eucalyptus) and
encroachment of shrubland on urban areas, has led to an increase in wildfires. This causes
not only economic damage, but also takes away people’s lives and destroys habitats for many
fauna and flora. One notable example is the severe fires Portugal suffered in 2017. The
Mediterranean region is the most affect European region by this phenomenon, accounting
for 85% of the total burned areas on the continent every year (Rewilding Europe, 2020b).

The current way to landscape management for mitigating wildfire risk relies on active
human disturbance, which tends to be expensive and very complicated (Rewilding Europe,
2020Db). The main programs focus only on vegetation and not on animals (Pereira & Navarro,
2015).

For this issue, a better and sustainable solution has been emerging: a rewilding solution

that brings back grazing with wild and semi-wild herbivores, which “can be a far cheaper and
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far more natural, low-impact way of controlling wildfire, while boosting local biodiversity at

the same time” (Rewilding Europe, 2020b, para. 5).

In Europe, the number of initiatives focused on the reintroduction of keystone species
to bring back natural processes has been growing considerably in the past 15 years (e.g.
,Burton, 2011; C. J. Sandom et al., 2013) These projects work as a “key conservation
approach, as opposed to active human management” (Pereira & Navarro, 2015). Rewilding
Europe, founded in 2011, is a European wide initiative created to make the possibility for
these kind of projects on European countries to work across borders and ally the rewilding

approach with collaboration, bringing success (Sylven et al., 2010; Tanasescu, 2017).

2.2. Relevant literature
In this section is presented a review on landscape management literature considering also
economic valuations, a critical analysis of Forest Sappers program and orientation guide and
overall understandings about rewilding with the Iberian Ibex. Some ethical considerations

on ecosystem restoration and economic valuation of nature are explored in the end.

To develop landscape management and restoration programs, we must understand it
takes significant socio-economic implications (Adams et al., 2014). Some positive social
benefits can be employment or the reintroduction of valuable wild species that can contribute
to better human wellbeing (Aronson et al., 2016). In practice, these programs consist mainly
on agri-environmental schemes funded by the European Union, like subsidized grazing (with
for example, domestic goat/sheep/cow), mowing semi-natural areas, do controlled fires and
clean vegetation with machines (Batary et al., 2015; Schou et al., 2021). It’s important to keep
in mind that this kind of programs are very expensive (it’s the biggest source of fundings for
nature conservation) and have not proven to mitigate sufficiently the issue of biodiversity
loss (Batary et al., 2015; Schou et al., 2021).

Economic considerations around the issue of landscape restoration are being increasingly
discussed, but still with a focus on the costs of restoration projects. This happens mostly
because of the difficulties in measuring and giving an economic value to benefits, with
passive use values of citizens not being considered for example (Valasiuk et al., 2018).

Nevertheless, in some studies, the value of ecosystem services provided with restoration has
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been higher than the direct costs of some practices like control bush encroachment (Stafford
etal., 2017).

The most used methods for economic valuation of landscape restoration are the stated
preference methods, namely contingent valuation and discrete choice experiment (Bonnieux
& Le Goff, 1997; Valasiuk et al., 2018). Some studies have implemented CBA (cost-benefit
analysis) as a tool for economic analysis of landscape restoration, but most of them lack
quality, by for example not covering opportunity costs and non-use values. The fact that
studies are in very limited number, also lacks quantity to explore stronger CBA (Wainaina et
al., 2020).

There are a number of programs on the active that contribute to management of
landscapes, but in the scenario of Portugal we can highlight the one that has been given
greater importance: “Plano Nacional de Gestao Integrada de Fogos Rurais 2020-2030, the
National Plan for Integrated Management of Rural Fires (AGIF, 2022). According to
Resolugio do Concelho de Ministros n°® 45-A/2020 (2020), this program was created to
substitute a previous one that demonstrated to be inefficient in reducing fire risk, build a
more resilient landscape and rehabilitate ecosystems. On the conclusion that Portugal has a
landscape that needs a complex planning and management, that involves the cooperation of
a series of public and private entities, the “Estratégia Nacional para as Florestas”- National
Strategy for the Forests, brings also new orientations and plans of action for the sustainable
management of out forests (Resolugao do Concelho de Ministros n° 6-B/2015, 2015).

For the implementation of practical landscape management measures on the ground,
there is a specific group with emphasis: forest sapper brigades. The formation of these teams
and their activity is established by a national program of forest sappers that serves the
purposes established by the “Plano Nacional de Gestao Integrada de Fogos Rurais” and
“Estratégia Nacional para as Florestas”. The brigades are coordinated by the ICNF (Instituto
da Conservagdo da Natureza e das Florestas) and funded by the FFP (Fundo Florestal
Permanente), a relevant financial instrument created with the purpose of supporting the
National Strategy for the Forests (Dectreto Lei n°® 44/2020, 2020; ICNF, 2017b). The main
goals of this program are to mitigate effects of forest fires and decrease their frequency by
improving the ecological state of landscapes in Portugal ICNF/FFP, 2021a). Even though
it is a program that complements direct action on the ground with awareness, education and

other management activity to build a more interdisciplinary approach, a major drawback
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apposes — the program does not address the root causes of landscape degradation which
leads to the missing ecological processes to remain and landscape restoration continues to
not be achieved (ICNF/FFP, 2021b). Also, in recent yeats the human resources willing to
operate direct landscape management actions on the ground has been decreasing and work
safety conditions have been discussed (Rewilding Europe, 2020a). The outlines of these jobs
are of no interest for the majority. From this, clearly other alternatives need to be created,
more appealing for young generations and inspiring an actual ecosystem restoration for
dynamic landscapes.

The rewilding alternative, in the areas it has been proposed (far much less in theory and
in practice) can hypothetically be more cost-efficient and promote better biodiversity
conservation (Schou et al., 2021).

The Iberian Ibex is an iconic species, considered to be a key species in the Iberian
Peninsula. By providing natural grazing systems, (Torres et al., 2017) is able to create mosaic
landscapes with open spaces for successful firebreaks, consume plant matter that decreases
the accumulation of fuel, enrich the soil to promote more biodiversity and stimulate
decomposition of organic matter (Rewilding Europe, 2020b). This can also enhance
ecosystem services like carbon sequestration. Reintroducing the Iberian Ibex may also be a
chance to boost populations of other species, being a more available prey for the Iberian
Wolf, which in some parts Portugal relies on domestic livestock as the main food source
(and this takes considerable economic costs in the form of compensations) (Alvares et al.,
2015).

In the case of Portugal, active introduction might be needed, (there are no populations
of Iberian Ibex on frontier regions) being a tool for ecological restoration of many landscape
areas (Pereira & Navarro, 2015).

No other study has analysed the potential of the Iberian Ibex to save landscape
management costs by replicating human management actions and restoring ecological roles
in the ecosystem, avoiding costs on adaptative measures. Moreover, the literature about the
Iberian Ibex in Portugal is limited comparably with Spain, raising questions about lacking of
interest for this species in Portugal. For that reason, this work explores the case for the
Iberian Ibex to return to the Portuguese landscape and brings an innovative approach by
building a case study for rewilding with an economic lens, complementing with potential

enhancement of ecosystem services like biodiversity effects.
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Human beings have proven to influence nature in a way no other living being can. History
is documented, and our present is a reflection of the power of our actions as societies. We
now assist a time where wildlife is more of a concept rather than a reality for the majority of
the human populations (Sandom et al., 2014; Trouwborst, 2021). The destruction of
ecosystems by human beings has actively contributed to the extinction of substantial species
(Benitez-Lopez et al., 2017). But this also proves that we, as a species, have the tools for
reversing biodiversity loss and influence nature in a positive way (Galetti et al., 2021). A
hopeful perspective is essential to follow this path, and some cases of successful ecosystem
restoration helps to bring strength to this movement.

Habitat destruction and fragmentation, hunting and other human activities, have
consequently eliminated the Iberian Ibex from Portugal and almost extinct the species from
the Iberian Peninsula (Pérez et al., 2002). Spain and France already initiated reintroduction
programs in their territory and the Iberian Ibex has proven to be thriving in those areas
(Acevedo et al.,, 2021; Garcia-Gonzalez et al.,, 2020). So, this study helps to open the
discussion that we can now have an active position by returning this species to its previous
Portuguese range, hopefully being the beginning of more biodiversity valorisation and
progressive approaches for ecosystem restoration in Portugal.

New economic frameworks have been discussed, and social and scholars voices have
been raising around the inadequacy of old economics theory for the circumstances of the
current times (Ellen MacArthur Foundation, 2022; WEF, 2020). The doughnut economy is
a good example of a new, fresh and progressive economics framework that develops an
approach for economic development while ensuring social needs and not exciding planetary
boundaries (Raworth, 2017). Ethical considerations regarding attitudes towards the
environment can be judged in two different views: “ecocentrism - valuing nature for its own
sake” and “anthropocentrism - valuing nature because of material or physical benefits it can

provide for humans” (Gagnon & Barton, 1994, p. 149).
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3. Methodology

Taking in consideration the main objective of this study, the research question is: Which
approach makes more economic sense in landscape management, an active approach
through direct human actions or a passive approach in the form of rewilding with the
reintroduction of the Iberian Ibex?

The Forest Sappers Program is a great example for the case study because it provides
data which tends to be hard to find in the context of landscape management for
environmental analysis. Also, it is the most relevant entity in Portugal for taking direct actions
that contributes to landscape management and fire risk reduction, with various teams
working on many regions.

The core of this work is focused on the investigation of the Iberian Ibex potential to
substitute the landscape management actions and develop an economic comparison to assess
the saving costs from it. Then, to complement the analysis, data taken from literature
provides possible monetary values for reintroduction and management costs for this animal
species in order to perceive if it does not exceed the savings.

The following chapters will present a more complex analysis of methodology:

Chapter 4 provides the context for the return of the Iberian Ibex in possible areas of the
Portuguese territory, beginning with a study of its biology, followed by its past and present
status, habitat requirements and dietary strategy, interaction with other fauna and even with
humans, the EU legal framework of this species, possible reintroduction areas, as well as
some notes regarding the lack of interest for this species in Portugal. This compiles necessary
information on crucial factors needed to consider for when proposing a reintroduction
program, as well as hints for the Iberian Ibex capability to create different ecosystem-level
effects. No previous study has provided an analysis that aggregates this information to
explore the conditions for a reintroduction of the Iberian Ibex in Portugal. Chapter 5
develops the core of this dissertation by providing the case study of the active vs passive
landscape management approaches with an economic analysis. Chapter 6 explores the
landscape effects an Iberian Ibex population can create, providing a positive environmental
impact, including the enhancement of various ecosystem services. This complements the
economic costs that this species can avoid (by replacing human-made landscape management

actions) with an environmental long-term solution.
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4. The case for reintroduction of the Iberian Ibex in Portugal

This chapter explores the case for the reintroduction of the Iberian Ibex in Portugal,
presenting the most relevant factors to take in consideration when advocating for the return
of this animal species. It consists of a qualitative data analysis in the structure of literature
research, providing the necessary context: Current and Historical Status with records from
its past presence in Portugal; Climate and Habitat requirements based on well-established
populations in Spain, including feeding preferences; Social attitudes and cultural background
towards this species in Portugal and Spain; Possible benefits and conflicts with other species
they can share their habitat with and their dynamics on the ecosystem; Legal framework
through an analysis of the Habitat Directive legal instrument and a proposal on suitable areas
in the Portuguese territory for this species is presented. Data was collected using Web of
Science, Scopus and Google Scholar, and searched in three languages: Portuguese, English
and Spanish. Articles, technical reports and academic theses or dissertations were considered.

This information was addressed in accordance to the IUCN Reintroduction Guides
which is one of the most reliable frameworks to asses translocations of wildlife, “designed
to provide guidance on the justification, design and implementation of any conservation
translocation” (IUCN/SSC, 2013, p. 7).

The absence of habitat continuity between established populations of Iberian Ibex in
north/central Spain and inland areas of Portugal with potentially suitable habitat, makes
natural expansion events to new Portuguese territories unlikely. Moreover, the absence of
ecological functions performed by the Iberian Ibex in many Portuguese landscapes leaves
the ecosystem prone to the risks of forest fires and climate change. Thus, the necessity for a
restoration plan for the Iberian Ibex in Portugal. This work can serve as an incentive for
rising public and scientific opinion around the appreciation of this species in terms of their
potential role on fixing ecological cycles and returning dynamic and resilience landscapes,
but also appreciating the social and cultural value of the species. This effect should be felt
on the Portuguese government, institutions dedicated to ecosystems management (e.g.,
ICNF) and other NGOs to not only consider a management plan for the small population
habiting in North of Portugal but also the development of a plan to restore this animal
species in more areas and create an integrated approach that benefits the environment with

economic and social advantages.
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4.1. Biological Characteristics and Species Dynamics

The Iberian Ibex is scientifically described as Capra pyrenaica (Schinz, 1838). The common
name found on scientific literature can differ, with the usual ones being “Iberian Ibex”,
“Spanish Ibex” and “Iberian Wild Goat”. Discussions around the correct common name
have been expressed (Garcia-Gonzalez et al., 2020). For this study, the term “Iberian Ibex”
was chosen.

This animal species presents a well-defined sexual dimorphism. The adult females can
reach a body length of 130 cm and weight about 30-50 kg, and in turn, adult males can go to
160 cm in body length and weight 50-90 kg, only exciding to 120 kg in “Sierra de Gredos”
(Alados & Escés, 2017). They develop horns that grow in rings, with each one representing
one life year, but their length is visibly different according to the sex, with males presenting
horns that can go to 1 m and females only reaching 13 to 30 cm. Their pelage changes
according to seasons. In summer they exhibit a shorter coat with a colour between brown
and reddish, and in winter the coat is denser and tends to be darker. Males present black
patches in limbs, flanks and neck, that expand with age (Garcia-Gonzalez et al., 2020). They
possess tissue between digits and a specific hooves format that allows them to navigate
through rugged and sloped terrains (Garcia-Gonzalez et al., 2020).

The phenotypic characteristics — life history traits, are influenced by environmental
factors, harvesting of selective males and diseases (Carvalho, 2019; Fandos, 1995).

In terms of reproduction, this species is polygamic and reaches their sexual maturity at
around 1-2 years old, with better female productivity between 4 to 13 years. Matting season
occurs from November to January, with fights between males to establish the hierarchy.
Gestation lasts 22 to 24 weeks, which makes end of April to beginning of June the times of
birth, when food availability and climacteric conditions present the better survival scenatrio
(Alados & Escos, 2017). With a normal rate of 1 goatling per female and 10-20 % chances
of having twins, this leads up to a 20 % population growth per year, in expanding cases
(Préfet De La Région Midi-Pyrénées, 2014).

The lactation period takes about 3 to 4 months, but yearlings stay with their mothers for
long periods of time, exhibiting a relation that enables their development. This leads to the
establishment of common female-juvenile groups, showed on Figure 3 (Fandos, 1991).

The Iberian Ibex is a gregarious species, and their population dynamics change according

to densities, seasons and habitat features (Garcia-Gonzalez et al., 2020). They form mixed
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groups, females with juveniles, and male groups (showed on Figure 4). Figure 5 shows a
yearling after climbing a big rock cliff, which demonstrates they learn this ability already in
their first year of life. The rutting season is the one that exhibits more mixed groups, with a
common sexual segregation in the rest of the year, although high-density populations tend
to exhibit higher percentages of mixed groups throughout the seasons (40% to 80% during
the rut). The oldest individuals tend to assume a more vigilant attitude in the groups and
activity peaks are on dawn and on sunset (Acevedo & Cassinello, 2009a). Group size vary,
with the mixed ones tending to be bigger (mean of 7 individuals) than male groups (around
4-5 individuals) and female-kid groups (4-6 individuals). More open habitats lead to a higher

number of animals per group then closed ones (Granados et al., 2020).

Figure 3 - Iberian Ibex female-juvenile group (captured in Las Batuecas - Sierra de Francia Natural Park)
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Figure 4 - Two male Iberian Ibex's with different ages (captured in Las Batuecas - Sierra de Francia
Natural Park)

Figure 5 - Iberian Ibex yearling (captured in Las Batuecas - Sierra de Francia Natural Park)
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Life expectancy is between 19 to 22 years to females and a maximum of 14 years for
males, with females reaching their body growth sooner than males, around four years old

and nine years old, respectively (Acevedo & Cassinello, 2009a).

4.2. Historical Distribution and Status

There used to be four subspecies of the Iberian Ibex (Capra pyrenaica), two of them are
still present in the Iberian Peninsula and other two have gone extinct. The taxonomical
classification of the species is currently the following one (Fonseca et al., 2017; Garcia-
Gonzalez et al., 2020):

o (. pyrenaica hispanica, present in Southern and Eastern Mountain ranges of Spain

and is the more abundant subspecies (described in 1848 by Schimper);

o C. pyrenaica victoriae, present in the North and Central mountain system of Spain,
translocated to the French Pyrenees, and north of Portugal — Parque Nacional

Peneda-Gerés (described in 1911 by Cabrera);

o C. pyrenaica lusitania, that used to be present in the northern mountain ranges of
Portugal (described in 1872 by Schlegel);

e (. pyrenaica, the original subspecies to inhabit the Pyrenees (described in 1838 by
Schinz).

This taxonomy shows that the subspecies classification is based on mainly geographical
criteria (but also considers differences on horns and black pelage patterns) (Acevedo &
Cassinello, 2009a).

This is an animal species that used to occupy many mountain ranges in the Iberian
Peninsula during Holocene, but habitat fragmentation, hunting and sarcoptic mange
outbreaks depleted considerably the presence of this species, with the Portuguese subspecies
becoming extinct in the end of the 19th century and the Pyrenees populations in early 2000s,
maintaining their range only in some Central and South mountains of Spain (Pérez et al.,
2002). Since the beginning of the 21st century the Spanish populations have been increasing
due to conservation and reintroduction programs (that include regulated trophy hunting and
control of diseases), law changes and rural abandonment. France also initiated a restoration
plan that successfully returned the Iberian Ibex to the Pyrenees region (Garcia-Gonzalez et

al., 2020; Le Retourn du Bouguetin dans les Pyrénées, 2022; Mogo et al., 20006).
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Currently, the species is classified as “Least Concern” by the [IUCN Red List (Herrero et
al., 2021) but is considered by the Portuguese Red Data Book as “Ciritically Endangered”
(Cabral et al., 2005) due to an extremely reduced population in a restrict area of the Peneda-

Gerés National Park.

Now we focus on the distribution of the Iberian Ibex in Portugal and their local
extinction, followed by a recent small recolonization. Palacontological data refers the
presence of this animal species in many regions, especially on the principal mountain ranges.
Fossil records and rock engravings from the middle and upper Palaeolithic era proves that
this species habited places like low latitude Atlantic mountains. Fossil remains have been
found in caves from North to the South of the country : “Gruta Nova da Calumbeira”
(Bombarral, north of Torres Vedras), “Gruta da Figueira Brava” (Parque da Arrabida),
“Gruta do Caldeirao” (north of Tomar), “Gruta das Salemas” (LLousa) and “Pego do Diabo”
(Loures), palaeolithic paintings in the Coéa and Douro River Valleys, in Casais Robustos (a
village that is part of Natural Park of Serras de Aire e Candeeiros), Algar of Jodao
Ramos/”Gruta das Redondas” (in Serras de Aire e Candeeiros) and Vale Boi archaeological
station (Algarve, close to Sagres) (Aguiar & Pinto, 2007; Baptista & Reis, 2008; Cardoso,
20006; Lopez, 2019; Valente, 2004). Serving as an example, Figure 6 shows rock paintings of
the Iberian Ibex from the Neolithic era, in a rock shelter located in “I.as Batuecas - Sierra de

Francia Natural Park”.
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Figure 6 - Iberian Ibex rock engravings located in "Canchal de las cabras pintadas", a rock
shelter in Las Batuecas - Sierra de Francia Natural Park
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Then, with agricultural development, habitat losses and fragmentation in addition to hunting
pressures resulted in progressive decreases on the main population. Peneda-Gerés National
Park was the only place where the Iberian Ibex persisted until 1890, the time when the last
individual was sighted and documented (Fonseca et al., 2017).

In 1992, a translocation program in Galicia placed individuals of C. p. victoriae from Gredos
National Reserve to Invernadeiro Natural Park that with time developed to a population of
seventy-one individuals and in 1997 eighteen of them were translocated to Serra do Xurés
Natural Park which makes border with the Peneda-Gerés National Park (PGNP) in Portugal.
On the same year, sixteen individuals enclosed in two location sites of the Spanish Park
escaped and by natural dispersion they established themselves in the Portuguese Territory,
on the PGNP. At the end of 1998, these animals were first observed, and a defined
population was then documented in 2001. In 2003, the first monitoring program recorded a
minimum of 75 individuals, but the following years did not have consistent monitoring going
on, until 2011 to 2012 that other survey counted for an abundance of 576 individuals in a
total area of 15417 hectares. Three founder nuclei are now delineated - one in “Serra
Amarela” (1 235 ha), and two in “Serra do Gerés”, one in the centre (13 840 ha) and the
other on the eastern side in “Castro Laboreiro” (343 ha). Although this population seems to
be geographically expanding and the presence of juveniles confirm the natural reproduction,
some threats to the population’s conservation have been discussed, like poaching, inbreeding
that causes low genetic variability, competition with livestock, and habitat fragmentation that
leads to isolation. This last one is more related to the nucleus in “Castro Laboreiro” that has
the Lima River and Lindoso dam possibly acting as a disperse bartier and, highlighting the
necessity of natural corridors for the achievement of satisfactory genetic variability that can
lead to a better success in developing a stable population of this animal species in the North

of Portugal (Bencatel J. et al., 2019; Fonseca et al., 2017; Moco et al., 2000).

4.3. Climate and Habitat Requirements

It is a fact that the Iberian Ibex was part of our mountains, canyons and smooth hills in
the past, yet the Portuguese landscapes have suffered a lot of changes since them, which
makes it appropriate to study the present conditions and evaluate if it suits the Iberian Ibex.

Studies carried out in the Spanish populations show that this species can habitat forested

areas, temperate shrublands, natural and artificial pastures and some agricultural land (Cabral
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et al., 2005; Garcia-Gonzalez et al., 2020). Rocky outcrops and high-altitude cliffs seem to be
a preferential location for home range (Acevedo etal., 2011; Bencatel J. et al., 2019), but their
habitat plasticity is proven in semi-arid Mediterranean areas with small cliffs and bushes,
being hypostasised as buffer areas for their protection (Lucas et al., 2016).

The habitat range changes significantly with season and according to sex. Males present
higher range areas of movement, reaching higher altitudes than females. The species has
seasonal patterns of habitat use, especially in areas where the climate varies significantly
throughout the year, displacing to northern slopes in summer and southern one in winter,
and seem to spend their activity time in more sunny slopes in spring and autumn (Escos &
Alados, 1992a). The Iberian Ibex also shows a preference in summer to move to the highest-
altitude sites in their habitat area, explained by the flourishment of better-quality vegetation
(Garcia-Gonzalez et al., 2020). During the rut season, males can reach movement dispersals
over 7 km (Escés & Alados, 1992b)

Portugal can be described with four climatic types. Atlantic, Continental, Mediterranean
and Semi-arid. The most common are the Atlantic in north-west areas and Mediterranean
and Semi-arid environments in south-east ones. These types of climates are also the ones
present in Spain, where the Iberian Ibex habits all of them, which suggests that this species
could be translocated to several areas in Portugal based only on simple climate analysis
(Torres et al., 2017). Despite this affirmation is just based on their past and present presence
in Portugal and population studies in the Spanish side, one study has been conducted to
evaluate the suitability of a western Iberia landscape — the valley of the River Coa. This
location offers a mostly dry and Mediterranean climate with some Atlantic influence
particularly on the north and west side. The results showed several areas with favourable
conditions for a population of the Iberian Ibex to establish itself and develop with great
possibilities of dispersal by vital habitat connectivity, mainly in central and northern spots
(Torres et al., 2017).

The two subspecies present biogeographical differences between them, which can give
us conclusion about the most favourable one to successfully expand in the Portuguese
territory. C. p. victoriae is mainly located in central Spanish mountains and their populations
growth has been stable but restricted, leading to the hypotheses that this subspecies seems
to be more susceptible to environmental conditions. On the other side, C. p. hispanica show

a better expansion process by habiting more and largest areas in south and eastern Spain and
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presenting well-established populations (Escos et al., 2008). Having in consideration that the
C. p. victoriae is more area restricted (with IUCN proposing translocation processes that can
found other populations of this subspecies in more areas), has a better suitability for the
north-western side of the Iberian Peninsula (Acevedo & Real, 2011), and is the subspecies
already habiting the PGNP, it is reasonable to assume that this subspecies should be the one

to choose when forming a reintroduction program in Portugal.

4.4. Foraged Species

The Iberian Ibex is an herbivore, mixed-feeder, which means it shows different feeding
behaviours — browsing and grazing (Acevedo & Cassinello, 2009a). Studies show that this
animal species exhibits a significant feeding plasticity, being more of a grazer or a browser
according to the vegetation available on the habitat areas, which shows great adaptability
(Fandos et al., 1993). Forage selectivity changes throughout the year, so a diverse landscape
with woody and herbaceous species is preferred, with the spring-summer zone being the best
for diet quality and diversity (Cuartas & Garcia-Gonzalez, 1992).

Table 4.1 presents a list of woody species, shrubs and herbaceous strata that possibly will
be dietary sources for the Iberian Ibex in Portugal, based on documented foraged species for
this animal, taken from several studies (Martinez, 2000; Martinez, 2009; Martinez, 2010,
Martinez, 1993; Mogo et al., 2013; Mogo et al., 2014), and considering the species available
in the Portuguese territory (ICNF, 2016; Jardim Botanico da UTAD, 2022; Marchante et al.,
2014).
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Table 4.1 - Tree, shrub and herbaceous species present in Portugal know to be foraged by the Iberian

Ibex

Scientific name

Common Portuguese name

Phillyrea angustifolia
Phillyrea latifolia
Arbutos unedo
QOunercus faginea
Juniperus oxcycedrus
Erica arborea
Dactylis glomerata
Pinus sylvestris
Viburnum tinus
Quercus coccifera
Juniperus commmnnis
Acer monspessulanum
Pistacia terebinthus
Festuca arundinacea

Brachypodinm phoenicoides

Lentisco
Aderno-de-folhas-largas
Medronheiro
Carvalho-portugués
Oxicedro/Zimbro
Urze-arbérea
Dactila
Pinheiro-silvestre
Folhado
Carrasco
Zimbro-comum
Zelha
Cornalheira
Festuca-alta/Erva-carneira/Sargasso-bravo

Braquipodio

Poa bulbosa Poa bulbosa/Erva-cebola
Amelanchier ovalis Nespereira-das-rochas
Cytisus spp. Giestas/Giesteiras
Pterospartum tridentatum Carqueija
Thymelaea broteriana -
Armeria spp. -
Sedum spp. Erva-do-cio/Cachos-de-rato/ Arroz-dos-telhados

The Iberian Ibex can potentially consume other shrub and herbaceous species that are
considered as invasive in Portugal. These suggestions of possible palatable vegetation based

on similarity with other ungulates and goats are described on Chapter 5 — section 5.3.
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4.5. Social attitudes and Threats

Social attitudes and threats need to be analysed when equating a possible species
reintroduction (IUCN/SSC, 2013). Human conflicts mainly come from Iberian Ibex diet
competition with livestock, especially sheep and goat, but does not seem to be so much
relevant and for the case of land abandonment is not something with need to evaluate.
Trophy hunting in Spain has brought some discussion in terms of sustainability of the species
(Carvalho et al., 2018; Mogo et al., 2006), and poaching is already a problem for the
Population present in the PGNP (Cabral et al., 2005). Sarcoptic mange is the disease that has
been proven to affect more significantly the populations of the Iberian Ibex and in many
cases it spreads from domestic ungulate. The most sensitive populations seem to be the ones
smaller and with less genetic variability or with restricted habitat areas, affecting not only the
individuals themselves but also the population dynamics (Pérez et al., 2015). Hybridization
can occur with feral goats, so the management of these animals, are essential for allowing a
healthy Iberian Ibex population to develop (Garcfa-Gonzalez et al., 2020; Mogo et al., 2000).

Despite some human conflict and other threats described, the magnitude of this factors
are not a barrier for a reintroduction proposal and if well accounted and managed will not
impede a population of Iberian Ibex’s to successfully establish in Portuguese land, as seen in
other cases like the Pyrenees restoration program (Préfet De La Région Midi-Pyrénées,

2014).

4.6.Impacts on other species — Interspecific Dynamics

The interspecific dynamics represents the interactions between different species that
share the same habitat (Begon & Townsend, 2021). In this case, competition with other
herbivores and potential predation are assessed.

The Iberian Ibex has been described has a prey for the Iberian Wolf, Golden Eagle and
Red Fox. In Portugal, the expansion of the Iberian Wolf can be compromised by low
availability of wild prey, which generates conflicts with humans because of many cases of
livestock losses due to this animal that lead to the necessity of compensatory costs by the
government (Alvares et al., 2015; Despacho n.° 9727/2017, 2017). The Iberian Ibex could
partially attenuate this problem when a well-developed population intersects the range area

of this carnivore (Alados & Escos, 2017; Fonseca et al., 2017). Golden Eagle and Red Fox
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reportedly prey for the Iberian Ibex, with more success on juveniles (Fandos, 1991; Garcia-
Gonzalez et al., 2020). It should also be a benefit for the vultures’ or other scavengers’
populations as their food sources have become significantly limited since the legislation on
livestock carcasses removal took place in 2001, with reintroduction projects of large
herbivores in areas habited by these animals and without legal constrains related to carcasses,
already showing success (Beekers et al., 2017; Margalida et al., 2010).

Finally, a hypothesis can be made of another potential predator based on the reports of
the Golden Eagle and Red Fox - the Iberian Lynx. This carnivore species, despite not sharing
the same habitat in the present, can have the ability to occasionally prey on the Iberian Ibex,
most probably on its juvenile phase. This would be great for the success of the conservation
of this animal species in Portugal and could even contribute for the expansion of its range.

When it comes to sharing the same habitat as other wild herbivores, competition can
create impacts on these species. The relation of Red Deer with the Iberian Ibex do not seem
to develop a niche overlap (Acevedo & Cassinello, 2009b), and cohabiting with the Wild
Boar has demonstrated to not be a problem for the spread of diseases (Navarro-Gonzalez et
al., 2015). In Spain, areas occupied by the Mouflon and the Iberian Ibex have shown
overgrazing, but this is applicable for the cases where the populations do not have predators
and their densities are higher than the habitat capacity (Pérez et al., 2002), as in other areas
the cohabitation of these two species has been sustainable (Torres et al., 2014). Nevertheless,
advantages can come when a habitat is shared between multiple mammal herbivores,
complementing the ecosystem and leading to a functional landscape, so the sharing of space
and some level of diet competition does not have to be assumed as a negative factor (Jepson
& Blythe, 2020).

Studies on the dynamics of Iberian Ibex’s sharing the same areas as livestock present
cases where the competition is low and others where the spread of diseases or diet
competition leads to the Iberian Ibex to change to a more grazing behaviour and negatively
impacting the ecosystem (Chirichella et al., 2014; Garcia-Gonzalez et al., 2020).

Wild ungulates, such as the Iberian Ibex, can be referenced as ecosystem engineers by
shifting habitats by grazing, browsing, wallowing, urinating, excreting and some other
behaviours that with time lead to changes in soil, water and plant composition. They have
been proven to positively affect arthropod and amphibian communities, as well as insect and

bacterial richness (Baruzzi & Krofel, 2017; van Klink et al., 2020; H. Zhu et al., 2012).
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4.7. Legal framework

Legal framework is another aspect to consider when considering a translocation

(IUCN/SSC, 2013). For this case in Portugal, European Union legislation is worth to

explore. The Habitat Directive is the Council Directive 92/43/CEE relative to the

preservation of natural habitats and wild fauna and flora, transposed to the Portuguese Law

by the “Decteto-Lei n® 140/99” (Decteto-Lei n® 140/99, 1999). Despite the fact that this

directive was created in 1992, it continues to be suitable and the main European tool for

assessing wildlife thriving necessities (European Commission, 2016). The following articles

can be emphasized:

Article 2, point 2 and 3: “Measures taken pursuant to this Directive shall be
designed to maintain or restore, at favourable conservation status, natural habitats
and species of wild fauna and flora of community interest (...) shall take account
of economic, social and cultural requirements and regional and local
characteristics.” (Communities, 1992, pp. 3-4).

Article 12, point 1: “Member States shall take the requisite measures to establish
a system of strict protection for the animal species listed in Annex IV (a) in their
natural range” (Communities, 1992, p. 6).

Article 22 (a) and (c): “In implementing the provisions of this Directive, Member
States shall study the desirability of re-introducing species in Annex IV that are
native to their territory where this might contribute to their conservation,
provided that an investigation, also taking into account experience in other
Member States or elsewhere , has established that such re-introduction
contributes effectively to re-establishing these species at a favourable
conservation status (...) promote education and general information on the need
to protect species of wild fauna and flora and to conserve their habitats and

natural habitats.” (Communities, 1992, p. 9).

The Iberian Ibex is listed in the Annex II, IV and V, designated as a priority species

(Communities, 1992). This animal species in native to Portugal so a reintroduction program

should be pondered based on the Habitat Directive.
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4.8. Possible areas with suitable habitat

In Portugal, many mountains with more or less altitude gradient can be suitable for the
Iberian Ibex (Acevedo & Real, 2011; Bencatel J. et al., 2019; Lucas et al., 2016). Listed below
are some suggested areas with prospect to suit this species climate and habitat requirements.
Nevertheless, habitat suitability analysis would still be required, except for the valley of Coa
River which already has been proven to be a great area for a translocation program for this

animal (Torres et al., 2017).
e Mountain ranges: Serra da Estrela, Serra da Malcata, Serra de Montesinho, Serra
da Lousa, Serra da Gardunha, Serra de Sio Mamede, Serra de Aire e Candeeiros,
Serra da Peneda, Serra de Arada, Freita e Montemuro and Serra do Alvao.
e Canyons: Douro and Tejo International Park, canyons of the Coa and around the
canyons of Sabor River.
e Smooth hills: Parque da Arrabida, Serras Algarvias (Caldeirao and Monchique),
Serra de Montejunto and Serra d’Ossa.
The choices were based on the know ecology of this species, past habitats in Portugal
and its presence on similar climates and habitats, as explored in section 4.2 and 4.3. Given

the adaptability of the species it is possible that many areas with suitable habitat exist.

4.9.Lack of interest in the Iberian Ibex

On the contrary to Spain that has shown a significant care for the Iberian Ibex, with
several studies being conducted since 2000 regarding multiply aspects related to this species
biology, ecology, ecosystem dynamics and others, in Portugal the scenario has been
drastically different. Despite this species being of particularly importance to preserve and
recover based on the Habitat Directive, the Portuguese government, ICNF (the Portuguese
agency in charge of nature conservation) and the Portuguese scientific community have not
been expressing interest in supporting studies on habitat suitably or ecosystem dynamics,
consistent monitoring measures and even reinforcement of the only present Iberian Ibex
population in Portugal (Fonseca et al., 2017; Mogo et al., 2000).

The Member States’ assessment of conservation status of the species with community
interest as part of the Habitat Directive Article 17 reporting process, corroborate the

affirmation above, as the Portuguese report for the time 2013 to 2018 (the most recent one)
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does not present vital information such as habitat range and suitability and future prospects
for the status of the Iberian Ibex in Portugal. On the other hand, Spanish and French reports
show commitments in preserving the species and restoring populations (European

Environmental Agency [EEA], 2013-2018).
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5. Case Study — Active vs. Passive landscape management

5.1. Method

To estimate the economic valuation of a landscape restoration program and compare the
two different approaches, the costs and benefits of both ways was assessed. The values for
the proposed interventions contained on the Forest Sappers Guide were compared with
costs and benefits of Iberian Ibex reintroduction for landscape management. The analysis
starts with the Iberian Ibex potential for saving costs in landscape management actions,
followed by a description of possible Iberian Ibex management costs and finishes with a
discussion on reintroduction costs for the Iberian Ibex.

In this study, the term “intervention” refers to a certain group type of landscape
management actions, while an “action” is the actual human-made disturbance measure, like
fertilizing a tree or doing controlled fire.

To be able to estimate saving costs from the Forest Sappers 2021 Program by
reintroducing the Iberian Ibex, the proposed actions in the Forest Sappers 2019 Technical
Guide were evaluated and its potential to be complemented or substituted by the Iberian
Ibex ecosystem dynamics analysed, in order to assess if the Iberian Ibex can perform actions
that present equal or similar outcomes to the Forest Sappers work. To better estimate the
results and take into account the variability/uncertainty of the Iberian Ibex to replicate
different actions, three categories were established: low degree, medium degree, and high
degree of probability for an action to be replicated by the Iberian Ibex. Considering that the
number of times a certain action needs to be performed depends on the site, a value interval
was used to account for uncertainty based on the likely restoration outcomes of a small
population made up of three groups: mixed, females with juveniles, and males, totalling 16
individuals. The price interval of each action was multiplied by their quantity interval in order
to obtain an interval of potential avoided costs. This interval is represented in four different
scenarios: low cost — low quantity; low cost — high quantity; high cost — low quantity; high
cost — high quantity.

To estimate the Iberian Ibex management costs, despite the fact that needed measures
depend on various circumstances and factors (for example, quantity of animals or

characteristics of the habitat area), a review on possible management measures was
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petformed and costs were obtained. Reintroduction/translocation programs on Spain and
Pyrenees were analysed to find reliable costs for the potential reintroduction of a small
Iberian Ibex population in Portugal. The total cost estimation provides a view on possible
associated costs regarding the use of the Iberian Ibex as a tool to manage a landscape.

The Forest Sappers 2019 Orientation Guide is used as a proxy for the interventions
defined in the Forest Sappers 2021 Program. In order to simplify this analysis, interventions
described in the program that were not related to land disturbance work (for example,
awareness campaigns) or labour costs were not included. Also, there is the possibility that
some landscape actions implemented by the program were not included in the orientation
guide, although this guide presents a well-designed framework with a wide range of most

necessary measures in the context of landscape management in Portugal.

5.2. Data

To obtain the necessary qualitative and quantitative data related to direct human
management actions, in order to build the case for the named “active management
approach”, three reports and one project were consulted. The first report, “Guia Técnico de
Cartografia para o programa de Sapadores Florestais”, which provides the framework for the
forest sappers teams to develop their forest management plans and reports. In the context
of this study, it served as an orientation guide for the main landscape management actions
that take place in the Portuguese territory (ICNF, 2019). The other two are the “Matriz de
(Re)Arborizacio 2015/2016” and “Matriz de Beneficiagao 2015/2016” (CAOF,
2015/2016a, 2015/2016b). Both were developed by the “Comissio de Acompanhamento
para as Operagoes Florestais — CAOF”, a commission created with the purpose to provide
a database of information related to forest operations, including a matrix with minimum and
maximum reference prices of forest operations in the relevant units (which includes the main
landscape management actions) (ICNF, 2017a). The Spanish silvopastoral project “Red de
Areas Pasto-Cortafuegos da Andalucia” (Junta de Andalucia, 2022) served as a proxy to
obtain reference values on specific action related to the use of herds for forest fuel
management.

On the subject of data for the Iberian Ibex, extensive bibliographic research was made,
and some sources were considered as reliable. Being this study about a specific species that

is only present in the Iberian Peninsula, concrete information related to their impact on
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ecosystem dynamics and capability to provide important landscape effects for a balanced
landscape environment, is limited. Nevertheless, selected sources provide a satisfactory level
of content related to this species that makes it possible to consider certain characteristics and
evaluate with confidence their ecosystem effects. For example, a book on large herbivores
ecology and ecosystem dynamics with focus on ungulates (a former scientific group which
includes the Order Artiodactyla, where the Iberian Ibex belongs) (Danell et al., 2006) and
research articles that focus on a variety or specific interactions and effects of wild
ungulates/goats on the ecosystem (Lovreglio et al., 2014; Pascual-Rico et al., 2021; van Klink
et al., 2020). Previous reintroduction/restoration and management programs were consulted
to assess information and likely costs related to that matter (Granados et al., n.d; Le Retourn

dn Bouguetin dans les Pyrénées, 2022; Préfet De La Région Midi-Pyrénées, 2014).

5.3. Iberian Ibex potential for landscape management

The Forest Sappers Technical Guide presents a range of simple (e.g., plant fertilization)
to more complex (e.g., emergency stabilization) human-made actions, designated by their
type of intervention:

1. Reforestation
Fuel Management

Control of exotic/invasive Species

2

3

4. Post Fire Management
5. Leftover Treatment

6. Inventory

7. Plant Health

These actions also vary a lot in terms of price, one’s cost some cents while others can go up
to more than a thousand euros (detailed info provided on Annex, Table 9.3 and 9.4). The
actions were evaluated according to this species documented effects on the ecosystem.
Despite the fact that Iberian Ibex’s role on the ecosystem is not as established and well-
documented, as for example the European beaver (Campbell-Palmer et al, 20106),
information on this matter is well studied for groups of related animals that tend to have
similar behaviours on their habitat (Danell et al,, 2006). Some sources also provide

information from related species on a Mediterranean climate, which helps to bring more

confidence on the possibility for the Iberian Ibex to perform ecosystem disturbances that
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function as tools for landscape management in Portugal. Figure 7 summarizes the ecosystem
functions of large herbivores, serving as an example for the ecological interactions the Iberian
Ibex can create. The Figure 8 shows the effects of natural grazing on landscapes, serving as

a proxy for a representation of the transformations can be able to replicate on landscapes.

Figure 7 - Large Herbivores in a functioning ecosystem (Jepson & Blythe, 2020)
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Figure 8 - The impact of grazers on vegetation (Rewilding Europe, 2021b)
42



For this economic analysis to be well-weighted, the actions were divided in three categories
according to different levels of confidence on the Iberian Ibex potential to replicate them.
“High degree” represents the actions with high potential for being similarly replicated by the
Iberian Ibex or have equivalent landscape outcomes; “Medium degree” contains actions that
Iberian Ibex’s can somehow perform but not at the same scale, which means it could need
human intervention in order to achieve the same landscape target; “Low degree” includes
actions that are probability difficult for the Iberian Ibex to execute or have not yet been
described in the literature. The actions that do not show any relevance of being replicated by
the Iberian Ibex, based on this species normal behaviour and interactions, are also provided.

Next is presented a list of the actions, organized by different degrees.

e High degree of probability
- Plantation as the Iberian Ibex can promote seed dispersal by their faeces or
transport them on their fur and hoofs by their browsing behaviour. Also
enhances fertility by the replacement of nutrients to the soil through urine/faeces
(example on Figure 9) and digestion. Also their carcasses can create a high soil
fertility zone around them, increasing landscape heterogeneity (Hobbs, 20006;
Pascual-Rico et al., 2021; Vermeulen, 2021).
[actions: 1.4, 1.5]

Figure 9 - Iberian Ibex faeces (captured in Las Batuecas-Sierra de Francia Natural Park)
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- Capability to manage fuel and control excessive densities by mixed feeding
behaviour (indicated to be the most effective herbivory type) which reduces grass
and shrub biomass. By grazing the Iberian Ibex decreases the amount of
herbaceous fuel and by browsing it lowers biomass fuel (Hobbs, 2006; Rouet-
Leduc et al., 2021; Vermeulen, 2021).

[actions: 2.1, 2.1.1, 2.4]
- Ungulates can consume parts of a plant (e.g., leaves) or even kill them by
chipping them to a point that impedes the regeneration of the plant. This
phenomenon increases the inputs of a leftover, the woody litter, to the soil
(Pastor et al., 2000).

[action: 5.2]
Medium degree of probability
- The action of digging holes has the objective of improving aerification of the
soil and promote new plantation site. Herbivores like the Iberian Ibex use their
hooves to walk, and by trampling the soil they break some biotic crust and can
fracture mineral crust to a level it helps to increase soil aerification and
infiltration. Also, goats sometimes show the behaviour of wallow (for
thermoregulatory purposes and to relieve from possible insect bites), which leads
to the formation of some small holes. Nevertheless, for this behaviour to perform
the same potential outcomes of human action, other herbivore species like bison
ot boar may be needed (Hobbs, 2000).

[action: 1.2]
- Goats are able to reduce weed by consuming seedling stems, which impedes
their seeds release. Yet, for the grazing effects to have similar outcomes as human
weed clean-ups, could need other herbivore species to dwell on the same area as
the Iberian Ibex (Hobbs, 2006; Lovreglio et al., 2014).

[action: 1.8]
- The behaviour of grazing and browsing contributes to removal of plant tissue,
keeping plants in early phenological stages, which increases productivity instead
of these compounds to remain on structure material, as goats in particular
consume terminal wigs and bark specially during winter. The Iberian Ibex also

scratches on trees as part of their cleaning behaviour, especially males with their
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horns (Sarasa et al., 2011). Examples of these behaviours are shown on Figure 10
and 11.

This way, nutrients return to the soil and are decomposed by invertebrates, which
facilitates the process of nutrient absorption by plants. Also, as said before, their
hooves trample the soil and help to accumulate and compress dead plant material

for future soil enrichment promotion and better chances for a prosperous plant

development. These processes may not cover all the habitat areas (Baraza et al.,
2007; Gordon, 2006; Hobbs, 2006; Lovreglio et al., 2014).
[actions: 1.7, 2.1.2]

Figure 10 - Effects of consuming terminal wigs Figure 11 - A tree barked by the Iberian Ibex
and horn-scratching on trees, by the Iberian Ibex (captured in Las Batuecas - Sierra de Francia Natural
(captured in Las Batuecas-Sierra de Francia Natural Park)
Park)

- The fact that the Iberian Ibex has the potential to do fuel management was
already established before. Nevertheless, when we consider a mechanic reduction
of biomass, the results of that can overcome the potential of this species to deliver
the same results, depending on the area and if there is other large herbivores co-
habiting (Rouet-Leduc et al., 2021).

[action: 2.2]
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- The Iberian Ibex, as well as many other ungulates, create mosaic landscapes by
grazing, creating open corridors on the landscape that helps to induce firebreaks
in a controlled space. This is a trigger for the life cycle of typical Mediterranean
landscapes to thrive and increase their ecological productivity level, working
perfectly when in interaction with other large herbivores like horses (Roldan,
2012; Vermeulen, 2021).
[action: 2.3]
- Herbivores consume a variety of herbaceous and woody plants, but from all of
them, goats seem to have a greater weed control. Many studies across different
landscapes in the world have shown that exotic and invasive plant species can
diminish in the presence of goats grazing. By being more diverse on food
preferences and consuming a wide variety of plants, goats can eat invasive species
that are actually palatable and nutritious to them, when normally cannot be eaten
by cattle or sheep. They also have the particularity of having some preference to
consume leaves and terminal twigs of woody species. If we look at invasive
species present in the Portuguese territory, some of them have potential to be
grazed by the Iberian Ibex, according to demonstrated palatable weeds for goats
and their distribution in potential habitats for this animal, like: Acacia arroo,
Acacia mearnsii, Agave americana, Ageratina adenophora, Ailanthus altissima, Allium
triguetrum, Amaryllis  belladonna, Arctotheca calendula, Bidens frondosa, Cortaderia
selloana, Gleditsia triacanthos, Hydrangea macrophylla, Lantana camara, Lonicera japonica,
Myoporum laetum, Nicotiana glanca, Oxalis latifolia, Oxalis pes-caprae, Pennisetum
villosum, Ricinus communis, Robina psendoacacia, Solanum manritianum, Sorghum halepense,
. For the case of this mentioned species, the Iberian Ibex can be an alternative
for the application of herbicides and mechanical cutting. Nevertheless, cannot be
expected for this animal to have an eating effect with similar outcomes of human
action, because in some cases may be needed a stronger chemical approach. Also
there is other invasive plants in Portugal that we currently do not have reliable
information to know if the Iberian Ibex could potentially control them (Lovreglio
et al., 2014; Marchante et al., 2014; Rosa Garcia et al., 2012).
[actions: 3.1, 3.2]
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- Ungulates are known for their preference in foraging burned areas. The recovery
of land implicates several measures, from plantation and plowing to cutting of
burned trees and constructions for water drainages. The question to what
measures are necessary, is dependent to the type and range of the damaged area,
which could require actions that this species cannot provide, especially the ones
related to water lines. Even if the necessary measures could be replicated by this
species, because it is an intervention that needs to be done in short/medium term,
the Iberian Ibex could not provide outcomes at the same level as the human
actions for that period of time (Hobbs, 2006; Pascual-Rico et al., 2021; Rouet-
Leduc et al,, 2021).
[action: 4.1]
- It was already established before that the Iberian Ibex can stop the regeneration
of plants and increase the input of woody leftovers to the soil, but the human
process of burning these leftovers can serve other purposes (e.g., energy biomass)
this animal species cannot replicate, but provide other benefits like the
enrichment of soil and enhancing of the nitrogen cycle (Pastor et al., 2006).
[action: 5.1]
- Through feeding behaviour, seed dispersal capacity and their
urine/faeces/carcasses, large herbivores enhance the resistance of plants by
improving plant diversity and heterogenicity. This can create more prosperous
landscapes and less subject to pests, avoiding at some level the necessity of
spending high amounts of money on chemical/biological phytosanitary
treatments, especially the ones for insects or weed. In some areas of Europe has
already been observed the capacity of grazing to reasonably impede the spread of
ticks and tick-borne diseases (Lovreglio et al., 2014; Rewilding Europe, 2021b).
[action 7.2]
Low degree of probability
- As explained before, the Iberian Ibex have a medium potential to simulate the
manual process of digging holes by their wallowing and trampling behaviour,
but human mechanical ways serve scenarios where the present need for soil

aerification and necessities of plantation are higher, and in this cases the Iberian
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Ibex will probably not be able to replicate the same circumstances, having just a
low interference (Hobbs, 2006; Houston et al., 2007).
[action: 1.3]
- Large herbivores can shed twigs and branches of plants by their browsing
behaviour, which sometimes can replicate the human action of pruning but
in other cases will promote slow growing of plants or even kill them (which
is also important for maintaining the contrast of grown woody plants and
open meadows). Nevertheless, this animal species will not be able replicate
the same outcomes because the process of pruning can be very selective and
strategic to certain meeting landscape standards or serve a phytosanitary
purpose (Gordon, 2006; Lovreglio et al., 2014).
[actions: 2.1.3, 7.2]
e Actions the Iberian Ibex cannot perform
- Marking of trees, place stakes to limit areas of certain plant growth and do
selective cutting of the ones that are not on an optimal stage of development.
[actions: 1.1, 7.4]
- Place individual protectors on certain plants.
[action: 1.6]
- Do an emergency stabilization post big firebreaks, which implicates the control
of erosion, protection of slopes with forestry residue barriers and opening of ruts,
as well as many other diverse measures. This needs to be done in a short time,
right after the fires, to not compromise the security of the surrounded areas and
water lines.
[action: 4.2]
- Inventory on flora species development.
[action: 6.1]
- Place and/or maintain traps for animals to not destroy plants of interest.

[action: 7.1]

The action 4.1 — “recovery of burned areas” includes several sub-actions. For this case,
were only considered the sub-actions the Iberian Ibex has potential to replicate. Then, to

avoid double accounting, the sub-action “plantation” was not considered. So, the sub-actions
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considered were sowing, subsoiling, moderate ripping and harrowing. The action 7.2 —
“application of cultural phytosanitary treatments” can vary in the measures applied, but for

this case it was considered the most common sub-action, which is the sanitary pruning.

For a total of [20] twenty-six actions, [19] nineteen were found to have potential for being
replicated by the Iberian Ibex. [6] Six actions can be replicated with high certainty and [11]
eleven with medium, while [3] three have low probability and other [6] six will probably not
be replicated. In the annex, Table 9.1 and 9.2 provide a list of this actions by degree of

certainty.

The quantity value interval of each action was defined according to a small population of
this species (16 animals), which includes a mixed group of two adult males and three adult
females, a group with three females and three juveniles and an only-males group made up of
four animals. This numbers were decided according to this species well-documented
population dynamics, demographic trends and initial population densities in areas where it
has a solid presence (e.g. Sierra Nevada, Spain)(Granados, 2021; Granados et al., 2001;
Granados et al.,, 2020). With an initial population density of 6 Iberian Ibex per square
kilometer, the value interval of actions was also though according to an area of 300 rounded
hectares, which was consider as the initial area for a reintroduction. Considering this area,
two different approaches were taken in order to establish the value intervals: for the actions
with cost per unit, the value interval represents the number of times that action will be
potentially replicated by the Iberian Ibex, in those 300 hectares; for the actions with cost per
hectare, the value interval represents for how many of those 300 hectares will the Iberian
Ibex be able to potentially replicate such action or similar outcomes. As the action 4.1
includes four different sub-actions, like explained before, one is quantified by unit and the
other three are quantified by hectare. Details on value intervals of each action can be found

in Tables 9.3 and 9.4, on Annex.

Table 5.1 presents an overview of the estimated avoided costs scenarios. (LC — LQ)) refers
to the Low cost — Low quantity scenario, (LC — HQ) for Low cost — High quantity, (HC —
LQ) to the High cost — Low quantity one and (HC — HQ) High cost — High quantity. These

values were obtained by multiplying the price interval with quantity value intervals, and then
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allocating the results per probability of the Iberian Ibex to replace them. The values are in
euros and rounded by unit. The detailed calculations for each action and scenario can be

viewed on Annex - Table 9.5.

Table 5.1 - Iberian Ibex potential to save landscape management costs - Scenarios estimations

SCENARIOS
Probability LC-LQ LC - HQ HC-LQ HC - HQ

High 54 241 € 162 865 € 247 557 € 742 953 €

Medium 66 087 € 229 741 € 151 593 € 518 855 €

Low 14 859 € 45108 € 51324 € 155 647 €

High + Medium 120 327 € 392 606 € 399 149 € 1261 808 €

High + Medium + Low 135186 € 437 714 € 450 473 € 1417 455 €

Regarding the scenarios presented on the Table, “Medium” includes the biggest number
of actions, followed by “High” and lastly “Low”. “High” includes the biggest share of actions
priced per hectare, which are the ones more costly. For this reason, the scenarios for high
probability are a bit inflated when projected to the highest price range. “Medium” presents
the highest number of actions, with cost variability going from unit cents to almost six
hundred euros, which makes the corresponding scenarios to contribute more significantly
for the results (except the scenarios for high cost, given the “High” inflation case explained
before). “Low” includes three actions, two are very low cost (unit cents to around five euros
per unit cost) and one is more expensive (several hundred euros per hectare) which accounts
for the majority of the cost forecast.

The results from all these scenarios show, with various degrees of certainty, the Iberian
Ibex potential to avoid management landscape costs. Not all scenarios have the same
likelihood to be replicated. As an example, if the Iberian Ibex only performed on a given site,
“low” probability actions and some from “high” would be unusual. This categories are made
to grasp avoided costs per category, putting them together allows for a more complete
analysis. The scenarios presented in green are the ones that will depict with more probability
the reality on the ground, because it includes the two probability scenarios with the highest
chances for being replicated, substituted or complemented by the Iberian Ibex and the more
reasonable scenarios “LC — HQ” and “HC — LQ”. Nevertheless, it is important to note that

these scenarios present a possible reality of avoided costs in a small scale, with sixteen
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animals. Also, landscape management interventions can vary from site to site depending on
the necessary actions, and normally not all of them will be performed together. If we multiply
this on a landscape area with dozens of sites the potential is huge to avoided ecosystem
management costs.

The following sections proposes the costs associated with the Iberian Ibex, in order to

compare them with these scenarios of avoided costs.

5.4. Iberian Ibex reintroduction costs

The case on the reintroduction of the Iberian Ibex in the Pyrenees can serve as a great
proxy for a possible future proposal in Portugal. In 1910 the species became extinct in the
French area, with the subspecies (C. p. pyrenaica) being declared extinct in 2000 by the IUCN,
but since the 80’s various French organizations and administrative establishments have been
pressuring for the comeback of stable populations of this animal. The two nature parks are
the target habitat for their return, “Parc National des Pyrénées” and “Parc Naturel Régional
des Pyrénées Ariégeoises”. The active phase of this project initiated in 2014, with the
development of a plan to restore populations of specific species in order to value biodiversity
in the Pyrenees region by the French Ministry of ecology, sustainable development and
energy — “La Stratégie Pyrénéenne de Valorisation de la Biodiversité”, which presents a
section only dedicated to the return of the Iberian Ibex, in collaboration with the Spanish
and Andorran environmental ministries. This project has the support of the European Union
through financing by the FEDER - European Regional Development Fund (ILe Retourn du
Bouguetin dans les Pyrénées, 2022).

The animals for the initial translocations were selected from “Sierra de La Pedriza” as
part of the Sierra de Guadarrama National Park in central Spain, and belonged to the
subspecies C. p. victoriae, the one more suitable to the Pyrenees environment, and also the
one to choose for the case in Portugal. The selection process of individuals has in
consideration genetic variability, absence of population diseases and great similarity in terms
of size/pelage/horns to prior Pyrenees subspecies. This project has proven to be successful,
with now more than 480 animals habiting several areas of the two parks (Le Retourn dn
Bouguetin dans les Pyrénées, 2022).

According to the data, between 2014 and 2015, [63] sixty-three individuals (26 males and

37 females) were translocated to nine central places in the Pyrenees National Park (known
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as the high Pyrenees) and [55] fifty-five (22 males and 33 females) in six launch locations of
the Aricge Pyrenees Regional Nature Park. The next two years, other [45] forty-five
individuals (18 males and 27 females) reinforced the presence of this species in the Pyrenees
National Park and a second population nucleus was created in the Ari¢ge Pyrenees Regional
Nature Park by the release of [40] forty individuals (22 females and 18 males) on a different
site. In 2019 a different area of the Pyrenees National Park was chosen in order to expand
this species to habited places in the past, by the translocations of more [22] twenty-two
individuals (15 females and 7 males) in the Atlantic Pyrenees. Nex year, [10] ten animals (7
females and 3 males) for the Ariege Pyrenees Regional Nature Park and other [9] nine (6
females and 3 males) for the Atlantic Pyrenees region of the Pyrenees National Park. The
2021 was marked by the launch of more [8] eight females in the region mentioned before.
No information about releases for the present year has been published (Ie Retourn du
Bouguetin dans les Pyrénées, 2022). That is, since 2014, [252] two hundred and fifty two
individuals have been reintroduced in the French Pyreneces, and [336] three hundred and
thirty six births have been observed, with now the total population reaching more than [480]
four hundred and eighty Iberian Ibex’s (ILe Retourn du Bougunetin dans les Pyrénées, 2022).

The present plan, accepted in October 2012, develops a restoration of this species
population with active interventions for a duration of nine years, from 2014 to 2022. It
contains an overall financial estimation for each of the two parks, including price values for
the action of capture, transport and release of the animals. Despite the fact that in this plan,
the quantity of translocated individuals taken into consideration for the price calculations
were different from the actual number of released animals, it still provides an orientation for
possible reintroduction costs in Portugal. For a release of [20] individuals in the first three
years and another [5] five each following year, the plan provisioned a price interval from
3 000 to 130 000 euros (Préfet De La Région Midi-Pyrénées, 2014) Taking these values into
consideration, and pondering costs of buying this animal from North or Central Spain, each
individual could have a cost interval of translocation measures from 500 to 5 000 euros,
theoretically. If accounted for the establishment of a reintroduction program in Portugal, the
reintroduction costs would most probably be on a spectrum of 50 000 to 150 000 euros.

These price intervals can change a lot, according to the capture method used (tele-
anaesthesia with a syringe gun — because it requires veterinarian skills is the most expensive

one, drop nets or a trap cage, with this last one being the cheapest and less efficient in
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capturing specifically selected individuals), difficulty on accessing the area of capture and
release, necessities of sanitary treatments or other preparation before releasement, and land
transport requirements according to the distance from the original site to the reintroduction

one.

5.5. Management costs of the Iberian Ibex

Some factors when taking into consideration the reintroduction of a species, can lead to
the necessity of implementing management measures for conflict with other fauna or
humans. The Iberian Ibex can compete for feed with wild herbivores or livestock that habit
the same areas, but at the same time, their dietary plasticity and capability to reach steep or
rough areas (known as altitudinal migrations) turns this interspecific competition less relevant
(Garnier et al, 2021; Préfet De La Région Midi-Pyrénées, 2014). For the case of
reintroduction in areas of land abandonment, this factor will probably not be a concern.

Nevertheless, some factors are known as the main ones that can influence the success of
reintroduced populations of the Iberian Ibex. One of them is poaching. Their cliff rockfill
defence strategy works very well for predators but makes them vulnerable to human hunting
as they find themselves in a no escape zone and it is an optimal scenario for the use of precise
weapons. Also, recently introduced populations that are still acclimatized can suffer from the
hunting of other animals that share the same habitat areas, like the boar and chamois. To
reduce this problem, management actions like better hunting regulations, awareness
campaigns with hunters’ associations and locals and field surveillance can be effective (Préfet
De La Région Midi-Pyrénées, 2014). The Iberian Ibex can also interfere with human activities
and generate economic losses by browsing species with high economic value, like pines, but
this is only significant in high density population pressures (which is more of a no predators
problem) as this species tends to prefer more herbaceous plants and bushes and stay away
from the most dense woody tree production areas (Perea et al., 2015; Préfet De La Région
Midi-Pyrénées, 2014; Zamora et al., 2001). Besides that, this a species that tends to create
very few problems with human related activities.

Other main concern is the spread of diseases of which the populations of Iberian Ibex’s can
be propense to. Habiting the same areas as domestic goat and sheep, as well as other wild
herbivores, can lead to contagion of diseases that place a great risk of death for recently

introduced populations with a small number of individuals or small habitat areas, which has
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mainly to do with less genetic variability and constant contact with each other. The sarcoptic
mange is the most common disease among this species. For this, it is important to plan a
sanitary approach from which the chosen individuals for the reintroduction come from areas
free of the main diseases and present a satisfactory genetic variability, as well as optimal
animal densities for the territory which can decrease chances of contagion and create better
resistance among the Iberian Ibex populations (Granados Torres et al., 2012; Préfet De La
Région Midi-Pyrénées, 2014). The contrary can also happen with some specific diseases
being transmitted to livestock and domestic species or even with impact for human health
(e.g., tuberculosis), leading to human-wildlife conflict, but most of these diseases are not
highly contagious or tend to be more dangerous for the Iberian Ibex than for the herds
(Préfet De La Région Midi-Pyrénées, 2014; Valente et al., 2020).

It is also important to take into consideration the possibilities of creating protected zones
that bring better living quality to this species and consider their migration necessities between
seasons, so that the chosen sites and time of the year for translocations allow the individuals
to develop populations that in the future are capable of exploring and disperse. The release
of individuals as proven to be better on spring, when the dispersal is minimal and the animals
are more accessible to human management control actions, that in a vulnerable stage of
establishing a population can be very important for the success of the reintroduction project.
Placing them in areas with already established herbivores populations can also influence the
species to take those territories as favourable habitats. During the initial years of a
reintroduction program, it is also important to release the animals in areas less accessible to
tourism and avoid the use of helicopters for vigilance/management reasons (it replicates the
shadows of aerial predators) as these tend to increase stress rates when the population is still
not accustomed to the new habitat (Garnier et al., 2021; Préfet De La Région Midi-Pyrénées,
2014).

In terms of management costs, the reintroduction project on the Pyrenees can also serve
as a proxy. The program is established in two phases. The first one (duration of seven years)
is for the establishment of viable population nucleus in both nature parks (in this French
case, two for each territory), creating the possibilities for dispersal and connection between
them in a mid-term perspective. The second phase takes ten to fifteen years, consists in the

extension of the species to other areas of the nature parks that are not as ideal but help to
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build more diversity and resilience on the populations and to colonize potential past habitat

zones of the original French subspecies (Préfet De I.a Région Midi-Pyrénées, 2014).

Considering this reintroduction plan and the possible human/animal perturbation factors

that can affect the Iberian Ibex or vice-versa (as presented before), two types of management

interventions are applied, including the following actions (Préfet De Ia Région Midi-

Pyrénées, 2014):

Population Monitoring

- Place tracking equipment on individuals. Auricular colourful marks on all
individuals, which is less costly and has a lifetime duration, and GPS collars for
at least half individuals per nucleus, which can go for 5 000 euros per device but
allows great distance animal detection and better research on the populations.

* Jaction 11]

- Population monitoring, like reproduction sites and rates, most common
dispersals and fixation areas, to better control the success of the species.

* Jaction 12]

- Foresight on population dynamics (spatial colonization in terms of vital areas
or the establishment of corridors and places of populations intersection).

* Jaction 13]

- Mutualization and data exploitation on Iberian Ibex dynamics for the
establishment of future actions that can create better proposals for the next years
* Jaction 14|

Contflict solving for cohabitation

- Communication about the reintroduction operation and population monitoring,
making this information available for all publics.

* Jaction 15]

- Capacitation of the institutional representators, employees and partners about
all the involved operations and finance instruments, so that territory management
can work alongside of the human activities.

* Jaction 10]

- Informing locals, children/students, nature protection association and

professionals related to nature activities about species biology, social behaviour
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and overall project success, so that the respect for this animal preservation can
be sustained.

* Jaction 17]

- Hunters’ awareness to limit possible disturbances on this species populations
and to actively include them in the project by helping with animal detection
operations.

* [action 18]

The finance values of this actions are presented in the plan, per year and per type of
intervention, for both parks (the Pyrenees National Park and the Ariege Pyrenees Regional
Nature Park). For the population monitoring the price interval goes from 36 669 to 182 275
euros. The actions for cohabitation success are between 15 980 and 49 200 euros. This leads
to a total price interval of 52 649 euros to 231 475 euros (Préfet De La Région Midi-Pyrénées,
2014).

It is important to note that management costs will vary significantly from one place to
another because not all disturbance population factors will occur for the same reintroduction
program, which will lead to different finance necessities for each possible management

measure.

5.6. Results

The ability of the Iberian Ibex to save landscape management costs has been proven,
with values ranging from a couple thousand euros to one and a half million euros, for a small
nucleus of this species on a well-defined small site of around three hundred hectares.
Nevertheless, these costs can fluctuate significantly if we consider a reasonable and stable
population of this animal, providing bigger results. On the other side, not all Forest Sappers
actions will be performed simultaneously on the same site, with small-scale or less costly
ones being the most common actions to apply through the year (e.g., planting trees or
pruning).

The reintroduction costs have a substantial value interval going from a few thousand
euros to almost half a million euros, which appears to be within landscape management
program budgets. The Iberian Ibex can need some control measures when developing its
population in a new place, and small-level conflicts may need to be assessed. Those actions

reflect in costs that range from half a thousand euros to two hundred and such thousands.
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These changes related to the species costs, have a lot to do with circumstances that happen
along the translocation process, the community attitudes or the cultural background, disease
risk, climate change impacts, among other factors IUCN/SSC, 2013). For this reason, may
not be completely accurate for the Portuguese circumstance.

Nonetheless, financing for reintroductions/translocations is a one-time investment that
generates economic returns on a medium-long term perspective. The human actions do not
bring ecological balance or nether fulfil the missing role of natural wildlife grazing, as they
need to be done year after year with constant high economical costs that do not seem to be
getting significant socio-environmental benefits to compensate. Despite the fact that Iberian
Ibex impacts on landscape show some degree of uncertainty, ungulates have proven to plug
an existing gap in grassland/forest ecosystems with a special role of maintaining natural
mosaic landscapes that are the most fitted for the Mediterranean picture and even more
important to restore and preserve due to the growing impacts of climate change.

Therefore, the Iberian Ibex appears to be a good investment for landscape restoration,
saving significant costs on human landscape management actions, with reintroduction costs
within landscape management program budgets and management costs indicating to be

relatively low.

5.7. Discussion

The Forest Sappers 2021 Program allocated a spending of around 27.712 million euros
for on-the-ground landscape management actions and the necessary conditions for the
working of the Forest Sappers Teams across the country, with the goal of defending the
forest against fire (suppression actions) and biotic agents, allowing a healthy and safe
development. This parcel represents most of the financial investment, with the total
compromise being approximately 35.833 euros (includes awareness campaigns, research,
forestry cultural/social/environmental functions and forestry planning) (ICNF/FFP,
2021a). Even though the detailed actions for this part of the intervention were not made
public, it is safe to presume that those were guided by the Forest Sappers 2019 Orientation
Guide.

The landscape results of this program are yet to be published, but the Forest Sappers
Activities 2021 Report shows the data for the financial support in fact provided by the FFP

though the year. For the parcel of forest management and defence 78% had financial
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execution, with the total program being financed by 76% (ICNF/FFP, 2021b). This numbers
represent a considerable effort to enable the program operations, with not even the whole
actions having the necessary finance instruments for their execution. In addition, the
problem of fire breakouts is still a major concern in Portugal, with climate change as
promoting this tendency (Rewilding Europe, 2020b). Even though some of the actions
cannot be substituted by restoring natural grazing (e.g., marking trees or emergency
stabilization), most of them could be diminished in great frequency and operate only on
selective/specific cases. The impact of active human actions on landscape is contained to the
working areas, not spreading their benefits and with constant year by year maintenance to
impede the development of the fire problematic (Lovreglio et al.,, 2014). An insufficient
patcel of this program is dedicated to wildlife functions on landscape ICNF/FFP, 2021a),
which reflects the main gap of this programs: it is focused on the remedy, not on the cure.
The ecosystems remain fractured, with important missing parts that allow biological cycles
to function and promote landscape resilience, such as megafauna (Fricke et al., 2022).

The Iberian Ibex can be represented as an important species for the reestablishment of
natural grazing through rewilding initiatives. Could allow natural processes such as nutrient
cycling and trophic chain to recover (Danell et al., 2006; Rewilding Europe, 2021b). Funds
could be used to bring back this emblematic species instead of focusing only on local
landscape management actions, avoiding expenses in attempts to re-establish some natural
processes that the Iberian Ibex could perform for less resources, no use of fossil fuel for the
mowing and ploughing methods which decreases carbon emissions, more biodiversity
benefits and ecosystem services, and substantially decreasing social problems related to
firebreaks (Rewilding Europe, 2021a).

To conclude this chapter, we note that by previous reintroduction programs a
translocation project for the Iberian Ibex in Portugal would be viable, with a possible budget
between 100 thousand euros and 1 million euros, if projected for 10 years, enough time to
establish two to four population nucleus with approximately 100 animals each, regarding the
early sexual maturity and the 20 to 30% annual growing rate capacity (Préfet De La Région
Midi-Pyrénées, 2014). After this year, the Iberian Ibex could move from across around
10 000 hectares, potentially saving dozens of millions of euros in human management costs
while promoting biodiversity and landscape resilience alongside providing valuable

ecosystem services. Management costs appear to be acceptable and could probably be lower
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in the context of Portugal if initiative-taking measures are applied. The costs of a possible
reintroduction and control management of Iberian Ibex populations could be partially
financed by European Union funds as a step for ecosystem restoration. The Portuguese
Government should also have an initiative-taking action on this matter and environmental

NGOs could also help on the restoration of this animal species to Portugal.
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6. Iberian Ibex Impacts in the Landscape

In the previous chapter, Iberian Ibex potential for landscape management and restoration
was discussed. This chapter will highlight the possible landscape effects the Iberian Ibex can
deliver from its behaviour and activities. Although moral, scientific and cost-effective
motivations for functioning ecosystems were presented during this study, other economic
benefits remain a central part of policy and decision-making (Fisher et al., 2008). The capacity
for the Iberian Ibex to save landscape human-management costs was demonstrated, but
ecological shifts from the Iberian Ibex presence in landscapes that leads to the enhancement
of environmental and economic benefits remain unexplored. Although monetary valuation
and quantification of these impacts on landscapes are difficult to obtain, it is a worthful
exercise to explore the Iberian Ibex potential to provide ecosystem services (ES) and help
guide future policy proposals.

Several impacts are assessed, considering in a scale of dozens or hundreds individuals
forming established populations that can demonstrate considerable effects for landscape
restoration and resilience, mainly on mountain ranges, steep slopes areas or even sooth hills
in an Atlantic-Mediterranean climate.

The following sub-chapters account the potential impacts of the Iberian Ibex in
landscapes, in the form of ecosystem services, vital to ecosystem functionality and human
well-being (Statford et al., 2017). These effects are not directly reported to the Iberian Ibex
given the limited literature on this matter, but based on well-stated effects of other large
herbivores, mainly mixed feeders like wild goats (Celaya et al., 2022; Rewilding Europe,
2021a; Rouet-Leduc et al., 2021; Silva et al., 2019; Velamazan et al., 2020).

Lastly, some examples on economic valuation of landscape restoration through
ecosystem services is presented and a final consideration on monetary valuation of ecosystem

services is taken.

6.1. Biodiversity and Habitat Provision

Herbivory as an essential part of most wood-grass-shrublands, creating vegetation
structures with significant heterogeneity. The effects of grazing, browsing, excrements and
seed dispersal disturbs landscapes and enriches complex biotic communities, boosting

biodiversity. The presence of the Iberian Ibex can benefit a wide range of species: other
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herbivores, mammal carnivores, birds, amphibians and insects (Rewilding Europe, 2021a;
Silva et al., 2019; Hui Zhu et al., 2012). On the contrary, human methods like ploughing and
mowing have proven to lead to plant homogeneity and present threats to insects like

pollinators (Rewilding Europe, 2021b).

6.2.Carbon and Water storage

Extensive grazing can promote carbon storage up to 2 tons of COs per hectare per year
in soil and grass by the transformation of vegetation in degradable dung that after leads to
the absorption of carbon to the soil by dung beetles. If some predominance of shrubs and
trees is maintained and depending on the Iberian Ibex population density, the carbon storage
capacity can even reach to more than 5 tons of CO, per hectare per year (Lecomte et al.,
2019; Rewilding Europe, 2021a; Silva et al., 2019).

Through many herbivory interactions, like those described on chapter 5 — section 5.3, a
great vegetation cover tends to store better levels of aboveground water by the diversity of
vegetation created with the herbivores disturbances (Rewilding Europe, 2021a). By feeding
on grass but also on shrubs and trees, the Iberian Ibex can provide an equilibrium where
water retention on soil and plants is significantly improved, being even more important in
rocky habitats where water soil and plant scarcity can be a reality and less herbivores have

the ability to provide this service (Irob et al., 2022; Tokumoto et al., 2014).

6.3.Soil protection and Floodplain management

With forest fires being more severe and frequent in Portuguese landscapes, the loss of
vegetation cover and herbivores has been leading to another problem, the soil erosion. This
reality is even more present in mountains with steep slopes. Because this is the preferable
type of habitat for the Iberian Ibex, this species can bust plant heterogeneity and more land
cover on this area, protecting the soil (Bencatel J. et al., 2019; Papachristou et al., 2005;
Rewilding Europe, 2021a).

Floodplains have been affected with climate change and the risk of floods has been
increasing, creating socioeconomic problems (Milly et al., 2002). If this areas have proximity

to habitats where an Iberian Ibex population can develop itself, may be an attractive option
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by the possibility of this animal species to graze on that area and optimise water-flow

capacity, minimizing the effects of floods (Cornelissen, 2017; Rewilding Europe, 2021a).

6.4.Mitigation of forest fires and Climate migration

Has stated before, land abandonment in Portugal has led to many areas transforming in
closed shrublands with young inflammable trees and homogeneous vegetation. Such
situation increases the risk, severity and frequency of wildfires, which has been creating
socioeconomic problems beyond the dysfunctionality of these landscapes. The Iberian Ibex
can help create mosaic landscapes with natural corridors between more and less vegetation
dense areas and bring plant heterogeneity back. This way, natural fire breaks have a place to
occur in a controlled way, as part of the natural cycle of these ecosystems. Overalls, the
carbon emissions would be reduced and it could be a contribute to climate change mitigation
(Bond & Keeley, 2005; Celaya et al., 2022; Lecomte et al., 2019; Rewilding Europe, 2021a;
Rouet-Leduc et al., 2021; Silva et al., 2019).

One of the main effects already felt in European landscapes due to climate change is the
shift in climate zones to the North, with a pace of 4 kilometres per year. This creates
problems for many animal species that now have a higher necessity for migration to
encounter suitable habitats from season to season. The Iberian Ibex can tackle this climate
change issue, by contributing to the establishment of more open and more closed vegetation
zones that creates the mosaic landscapes. This type of landscape can deliver microhabitats
that facilitate species migration, which can also be seen as a biodiversity contribute (Fricke

et al., 2022; Rewilding Europe, 2021a, 2021b).

6.5.Recreational Benefits

In a country like Portugal where land abandonment is accentuated, bringing back large
herbivores can be used as a cultural landscape, given the fact that the presence of this animals
is still somewhat present in people’s minds. This way, ecotourism can be an economic benefit
for local communities and more aesthetic landscapes will attract visitors (Celaya et al., 2022;
Rewilding Europe, 2021a). The Iberian Ibex has been described as a symbolic flagship
species (Perea et al., 2015; Torres et al., 2017), which means the species has higher value for

society and even suggest a possible emotional identification (Molina et al., 2019). By this, it
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is possible to assume a certain society’s willingness to pay for the reintroduction programs
to be successful or ecotourism initiatives to be profitable and create nature-based solutions
for the economy. Eco-services like ecotourism can be a good way to not rely on hunting as
an income given the fact its popularity among younger generations has been decreasing and
sometimes is not well accepted for the case of iconic species like the Iberian Ibex, as well as
culling (Carvalho et al., 2018; Martinez-Jauregui & Solifio, 2021). For the case in Portugal,
being this animal considered as a protected species, this argument is even more strong,.

In order to create sustainable societies, basing rural livelihoods on eco-services that
benefit local products and organizations in a way of retaining natural capital and developing

the path for a sustainable development (Cheung, 2012; Reed et al., 2015).

No studies have been published, regarding a monetary valuation of the benefits in
ecosystem services the Iberian Ibex can provide by their presence in landscapes.
Nevertheless, some examples can be given to elucidate on the importance of landscape
restoration. One reality very present in landscapes devoid of disturbances is bush
encroachment and invasive species development. A study conducted in South Africa and
Namibia estimated that after management of this situation and with grazing animals present,
an enhancement on various ecosystem services was valued in 8.7 billion US dollars and 5.8
billion US dollars, respectively, which shows that an effective landscape management will
deliver ecosystem services benefits and outweigh the costs (Stafford et al., 2017). Other study
focused on carbon services valuation through the conservation of wild animals, namely
African elephants, and as estimated a monetary value of 20.8 and 25.9 billion dollars in the
next 10 to 30 years for carbon capture services provided by this animal and forest
regeneration. Poaching of these animals could lead to economic losses of around 2 to 7
billion dollars, showing the economic and environmental benefits of landscape restoration
and biodiversity (Berzaghi et al., 2022).

The constant need for monetary valuation of nature in order to incentivize sustainable
livelihoods has been failing, and difficulties in assessing economic value for every possible
ecosystem service has also been described. To a successful wide-range landscape restoration,
new mechanisms that benefit equally the entire society while acting on the root causes of

ecosystem degradation need to implemented. Along with this line of thinking, the
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considerations around ecosystem services need to transcend monetary valuation for being

fairly valued by the societies (Reed et al., 2015).
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7. Discussion

This decade is marked in the UN as the “Decade on Ecosystem Restoration” (UNEP,
2019), and the “Biodiversity strategy for 2030” of the UE defines one of its pillars for
ecosystem restoration (European Commission, 2020). On a plan to be an example of active
effort for protection and restoration of nature, legislative instruments will be implemented
soon, such as a reinforcement on EU Birds and Habitats Directives, and a new binding law
with clear goals (and recommendations from the Society for Ecological Restoration) for
ecological restoration, that also establishes the “ecological restoration principle”, a big step
in EU Environmental legislation (Conselho Europeu & Conselho da Unido Europeia, 2022;
Society for Ecological Restoration, 2021). The New Restoration Law proposal by the
European Commission states that investment in ecosystem restoration is economically
beneficial, having the capacity to generate 8 to 38 euros for every euro spent by enhancing
ecosystem services that help create resilience and mitigate climate change, at the same time
it improves human health and safety (European Commission, 2022).

The Portuguese Republic was found guilty by the European Court of Justice for not
preserving ecosystems and biodiversity according to the objectives and rules of the Habitat
Directive («ncunprimento de Estado — Ambiente — Diretiva 92/43/ CEE — Fauna e flora
selvagens — Preservagao dos habitats naturais bem como da fauna e da flora selvagens — Artigo 4.°, n.°
4 — Anexos I e I — Sitios de importincia comunitaria — Nao designacao — Zonas especiais de
conservagao — Medidas necessdrias — Nao adocao», 2019), reflecting the lack of proactivity and
investment on this subject. The reintroduction of the Iberian Ibex makes even more sense
in this scenario, acting as an example of hope for the comeback of keystone species that
disappeared from parts of the Portuguese territory hundreds of years ago.

This study and specifically the economic analysis, despite being simple, helps to
demonstrate the ecosystem dynamics that the Iberian Ibex as the potential to partially
rehabilitate: serving as prey for the golden eagle, mitigating Iberian wolf conflicts with
livestock owners by also serving as prey, having a generalist diet which can help control
invasive vegetation, enhances to plant migration and plant heterogeneity by seed dispersal,
contributes to carbon fixation through nutrient cycling from grazing/browsing and
urine/faeces, and also enriches soil bacterial populations which in turn rises nitrogen

transformation, making this essential chemical element more bioavailable for plants, allowing
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them to grow successfully (Danell et al., 2006; Garcia-Gonzalez et al., 2020). It also has the
relevant feature of having a great bioclimatic plasticity, with populations growing and
expanding in Southern and Central Spain and in the Mountains of the Pyrenees (Acevedo &
Real, 2011; Granados et al., 2020; Le Retourn du Bouguetin dans les Pyrénées, 2022).

An unsatisfactory amount of money is allocated to nature restoration and conservation,
so the projects related to this matter need to have a great cost-benefit, making the restoration
of Iberian Ibex’s populations in Portugal a good option. Rewilding can play a leading role in
establishing long-term viable ecosystems. Human actions can only substitute biodiversity
functions and control the problems of degraded ecosystems in short-term, but cannot be the
solution for ending ecosystem degradation problems on the long term (Jepson & Blythe,
20205 Sylven et al., 2010).

The fact this animal species can provide a significant upgrade on landscape restoration,
other large herbivores, carnivores or even omnivore species (including the ones that habited
Europe in the past) will be needed to fully restore these ecosystems (Trouwborst, 2021). Like
other species, the Iberian Ibex was extinguished by human causes during historical times
(e.g., hunting, pollution, intensive and excessive use of land for agriculture) (Sandom et al.,
2014), with rock engravings being a prove of its past presence and representing a symbol of
respect, cohabitating gracefully with the pre-historic Men (Aguiar & Pinto, 2007; Baptista &
Reis, 2008). Now, there is a moral argument to bring back these animals back to Europe,
including the Iberian Ibex, and not continuing to leave the efforts and pressures just on the
conservation of wild animals in the Global South (Benitez-Lopez et al., 2017; Trouwborst &
Svenning, 2022).

Other current factor that we must consider on this discussion, is climate change. This
phenomenon is increasingly visible, so the ecosystems need to be at their fully resilience state
in order to be capable of adapting to the effects already impossible to impede, and this
requires giving back the fauna that triggers natural cycles and promotes vegetation resilience,
like many mammals and birds, where the Iberian Ibex is included (Fricke et al., 2022). The
predictable scenarios of climate change show a decrease in an already scarce wildlife, with
temperature shifts that can significantly change the ecosystems in which each species is
adapted (Dalrymple, 2021). This situation has been putting pressure on conservationists to
change their conventional approach of just maintaining ecosystems and just effectuate

reintroduction of species that where present on the sites in question in the past, but to act
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according to the climate crisis where the time for reversibility is limited (Brodie et al., 2021).
Help to move species for better suitable habitats given the changes on ecosystems provoked
by climate change (known as assisted migration/colonization) and being more proactive on
species reintroductions for ecosystem functioning, presents a smaller risk of losing species
than keeping a usual conservation approach, along with better chances for human safety
health (Brodie et al., 2021; Gilbert, 2022; McLachlan et al., 2007). By helping to create mosaic
landscapes, the Iberian Ibex will enhance the capacity for carbon storage. Also, with a more
permeable habitat, species will have the possibilities to move between closed or opened areas
as climate zones change, being beneficial for the overall fauna (Fricke et al., 2022; Rewilding
Europe, 2021b).

This animal species can be the beginning of a revitalization process of our landscapes to
return to being functional. Local development can be provided by redirecting rural
economies for tourism economy and developing nature-based solutions (Rewilding Europe,
2020a).

The shifting baseline syndrome (SBS) poses as an obstacle for the society to establish a
relation with wildlife. A wide variety and abundance of species was mostly reduced after pre-
historic times. The younger generations take the “normal state of nature” as what was
described by the generation before, but a problem imposes when the generation alive today
already did not lived in a close relation to nature, which turns it difficult to perceive a life
with wild animals around (Jepson & Blythe, 2020). Nonetheless, these are the species that
mostly contribute to the functioning of our ecosystems and their balance, which have been
damaged for long, especially in Europe (Hobbs, 2006; Pereira & Navarro, 2015; Trouwborst
& Svenning, 2022). Social movements and public opinions have been rising about the ethic
and morality of care towards nature, pressuring environmental policy to be more
representative (O’ Neill, 2022). These questions need to be raised when advocating for
biodiversity law and policy, in order to design legal frameworks that allow nature and humans
to thrive in harmony. To restore the diversity and abundance of life in Europe, legal
obligations need to be implemented on EU governments to amplify wildlife space and their
connectivity, as well as taking down legal obstacles to its restoration, like excessive welfare
requirements on animal species that fell under the umbrella of domestic animals (e.g., horses
and cattle) and the cleaning of carcasses that drastically reduces food availability for

scavengers like vultures and carnivores that also feed on cartion (e.g., the Iberian Wolf), a
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valuable group for food webs (Beekers et al., 2017; Lagos & Barcena, 2015; Margalida et al.,
2010; Trouwborst, 2021; Trouwborst & Svenning, 2022).
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8. Conclusion

This study intended to investigate which approach could offer more economic and
environmental benefits: an active human management through the forest sappers landscape
management program or a passive management in form of rewilding with the reintroduction
of a mammal herbivore — the Iberian Ibex (Capra pyrenaica). As part of the analysis, was
important to evaluate if the scenario in Portugal was suitable to the return of this animal
species, as well as potential landscape effects the Iberian Ibex could trigger by its presence in
landscapes, considering the improve on ecological status of those habitats.

A key outcome is that the Iberian Ibex can be a cost-effective instrument for landscape
restoration, (replacing several human interventions) particularly on the areas affected by
landscape abandonment, even when taking into account the possible reintroduction and
management costs for the species comeback. Plus, the conditions of its development in the
Portuguese territory are primed, given its habitat and feeding necessities plus their suitability
for returning to many mountain ranges and benefit trophic cascades. Also, given large
herbivores and other ungulates impacts on climate similar landscapes, it is expected that the
Iberian Ibex can have the potential to deliver ecosystem services such as water and carbon
storage, wildfire prevention, climate mitigation, soil and floodplain protection, and creating
opportunities for ecotourism that boost rural economies. By this analysis, it is safe to state
that a passive rewilding landscape management centred on the Iberian Ibex reintroduction
makes more sense from an economic and ecological view, while promoting a new approach
for local communities to thrive. It saves significant costs on active landscape restoration
interventions while providing a extensive range of ecosystem services and improves habitat
fitness for biodiversity enrichment.

Along the process, it was noticeable the lack of studies around the ecosystem dynamics
of this species and possible management methods for their development and expansion in
the Portuguese territory, which makes this study a valuable addition in this field.

It is important to understand that this propose can be used for several areas of the
Portuguese territory, which makes this study more viable, relevant and flexible to take into
consideration for future policy proposals.

Environmental funds can be used in order to prioritize this kind of species

reintroductions and biodiversity enhancement, giving more resilience and adaptative
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ecosystems to adversities like climate change, which will be more economically and socially
benefiting on the long-term.

In the current planetary situation we live in, this study helps to expand the line of thinking
of going beyond specific conservation of species but choosing a more holistic perspective
where the central is to restore missing ecological roles and ecosystem functions. The Iberian
Ibex has been proven capable of fulfilling a part of the missing ecosystem dynamics and be
the beginning of a rehabilitation process of rocky ecosystems, as well as helping to spread
the rewilding approach in Portugal, creating a more resilient future with wildlife where the
harmony prevails.

Investment in ecosystem restoration is a measure for all, us and the animals. More
economical and political agencies recognize that humans depend on functional ecosystems
to have a thriving future.

This study presents some limitations: to predict all the possible benefits and damages the
Iberian Ibex can create is necessary an in-depth analysis with precise suitability models, which
goes beyond the scope of this work. Economic and ecological factors were considered and
evaluated, but it is still necessary to check on political and local contexts to accept a
reintroduction of a species to habitats that are now very different from the reality and cultural
context it used to live in. Besides, the literature for the Iberian Ibex is limited and reported
ecosystem dynamics of similar animals (e.g., wild goats and sheep) or others with similar
behaviours in the ecosystem (e.g., horses and cattle) where used as a proxy for the Iberian
Ibex case, which can compromise some of the predicted landscape effects and ecological
dynamics. The nature of this work is exploratory, but even so, the study presents pioneering
likely results with insights on economic and environmental potential of the Iberian Ibex in
landscape management and restoration, at the same time it builds a strong case for a possible
return of the species to the Portuguese territory.

Given the urgency on ecosystem restoration, more of this studies should already be
developed, yet it is still not a reality in Portugal. Moreover, environmental economics are still
very attached to the terms of “preservation” or “conservation”, disconnected from the
present reality where we now need to act for the restoration of biodiversity and ecosystems.

Other questions remain unanswered, which could be suggested as future research: only
one area has been identified as suitable for the Iberian Ibex to be reintroduced in the

Portuguese territory, so a first step would be to detect more areas in Portugal, through habitat
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suitability models. Iberian Ibex specific dynamics on rocky ecosystems would bring more
consistency and certainty when assessing its impacts on landscapes and capacity to prevent
forest fires. Further research might be focused on complementing missing ecological roles
that are also necessary to restore our ecosystems, evaluating other circumstances where a
passive management approach via a rewilding concept would make sense. As an example,
the Barbary macaque Macaca sylvanus could be reintroduced to coniferous forests and
mountain areas around Portugal, saving costs in planting vegetation and very much
contributing to seed dispersal by its fructiferous diet. The Hermann’s Mediterranean Tortoise
Testudo hermanni could be another reintroduced species to similar habitat areas as the Iberian
Ibex and contribute to trophic chains, which could allow the viability of other mammals (e.g.,
wild boar) and birds, complementing the circle of life — an essential piece for the ecosystems
to function. Assisted colonization (moving species to new habitats and expand their range,
due to temperature shifting from climate change) needs to be considered in the current
climate crisis, with less risks than just maintaining the conventional approach of
conservation, being a plausible solution for climate-driven wildlife damages.

The findings of this study also address changes in policy and decision-making. The
reintroduction of the Iberian Ibex should be taken seriously for its potential in saving
landscape restoration costs, preventing the occurrence of the now so present wildfires,
creating resilient landscapes that could tackle climate change and contribute to biodiversity,
so it could be a tool for future landscape management programs in Portugal. Passive
management approaches, like rewilding, need to be more addressed and consider a valid
conservation method. Discussions on the EU have been arising, considering the potential
and importance of restoring ecosystems to reverse biodiversity loss, and transform nature to
better mitigate and adapt to climate change. The savings in ecosystems management
interventions plus the benefits in ecosystem services and prevention of environmental
disasters that produce social damages, tend to be more substantial than the costs of
reintroducing species and managing possible conflicts with humans. The necessity of
changing the narrative is imperative to create a future for all. We have in our hands the tools

to deliver a future where nature and our species thrive, we just need to choose to invest in it.
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10.Annex

Table 10.1 - List of Forest Sappers landscape management actions the Iberian Ibex can perform, by
degree of certainty — part 1

High Degree Medium Degree
1.4 Plant Fertilization 1.2 Digging Holes (manual)
1.5 Plantation 1.7 Replacement of Dead Plants
2.1 Manual Fuel Management 1.8 Control of weed and Pile
2.1.1 Control of Excessive Densities 2.1.2 Desramation
2.4 Fuel Management using Silvopasture 2.2 Mecanin Fuel Management
5.2 Collection and Chipping of Leftovers 2.3 Controlled Fire Management

3.1 Control of exotic/invasive species (manual/mechanic)

3.2 Control of exotic/invasive species (chemical)
4.1 Recovery of Burned Areas

5.1 Collection and Burning of Leftovers

7.3 Application of Chemical and/or Biological

Phytosanitary Treatments

Table 10.2 - List of Forest Sappers landscape management actions the Iberian Ibex can perform, by
degree of certainty — part 2

Low Degree No Relevance
1.3 Digging Holes (mechanic) 1.1 Marking and Stake Placement
2.1.3 Pruning 1.6 Placement of Individual Protectors
7.2 Application of Cultural Phytosanitary Treatments 4.2 Emergency Stabilization

6.1 Inventory
7.1 Placement and/or Maintenance of Traps

7.4 Marking and Punctual Cutting of Trees
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Table 10.3 - Forest Sappers actions - unit cost and Iberian Ibex replication potential in value intervals

Type of intervention Forest Sappers Action Probability unit cost  value interval
1.2 Digging Holes (manual) medium 0,39 1,46 50 150
1.4 Plant Fertilization high 0,09 0,11 100 1000
1. reforestation
1.5 Plantation high 0,23 0,59 50 500
1.8 Control of weed and Pile medium 0,20 0,29 50 500
2.1.2 Desramation medium 0,42 1,60 50 500
2. fuel management 2.1.3 Pruning low 0,64 4,79 25 250
2.3 Controlled Fire Management medium 93 467 1 5
3. exotic/invasive species |3.1 Control of exotic/invasive species (chemical) medium 176 351 25 250
4. post fire management  |4.1 Recovery of Burned Areas medium 0,20 023 | 125 125
5. leftover treatment 5.1 Collection and Burning of Leftovers medium 1,95 5,85 25 250
7. plant health 7.2 Application of Cultural Phytosanitary Treatments low 2,40 479 25 250

Table 10.4 - Forest Sappers actions - hectare (ha) cost and Iberian Ibex replication potential in value

intervals
Type of intervention Forest Sappers Action Probability ha cost value interval
1.3 Digging Holes (mechanic) low 493 1703 | 30 90
1. reforestation
1.7 Replacement of Dead Plants medium 157 455 | 100 300
2.1 Manual Fuel Management high 383 1150 | 100 300
2.1.1 Control of Excessive Densities high 96 1150 | 100 300
2. fuel management
2.2 Mecanin Fuel Management medium 89 148 50 150
2.4 Fuel Management using Silvopasture high 42 90 100 300
3. exotic/invasive species [3.1 Control of exotic/invasive species (manual/mechanic) medium 288 575 50 150
4. post fire management |4.1 Recovery of Burned Areas medium 513 1089 | 50 150
5. leftover treatment  |5.2 Collection and Chipping of Leftovers high 42 170 50 150
7. plant health 7.3 Chemical and/or Biological Phytosanitary Treatments medium 26 119 50 150
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Table 10.5 - Iberian Ibex potential to save landscape management costs

Forest Sappers Action Number LC-LQ LC-HQ HC-LQ HC-HQ
1.2 Digging Holes (manual) 20€ | 59€ 73 € 219€
1.3 Digging Holes (mechanic) 14783 € | 44348 € 51084 € 153 252 €
1.4 Plant Fertilization 9¢ 90 € | 1€ 110 €
1.5 Plantation 12€ 115€ 30€ 295 €
1.7 Replacement of Dead Plants 15708 € | 47124 € 45465 € | 136 395 €
1.8 Control of weed and Pile 10€ 100 € 15€ 145 €
2.1 Manual Fuel Management 38336 € | 115 008 € | 115 008 € | 345 024 €
2.1.1 Control of Excessive Densities 9584 € 28 752 € 115 008 € 345 024 €
2.1.2 Desramation 21€ 210€ 80 € | 800 €
2.1.3 Pruning 16 € 160 € | 120 € | 1198 €
2.2 Mecanin Fuel Management 4451€ 13352¢€ | 7418€ 22253 €
2.3 Controlled Fire Management 93 € 467 € 467 € 2337 €
2.4 Fuel Management using Silvopasture 4200 € 12 600 € 9 000 € 27 000 €
3.1 Control ofex9t1c/1nvaslve species 14376 € 43128 € 28752 € 86 256 €
(manual/mechanic)
3.2 CQntrol of exotic/invasive species 4388 € 43883 € 8777 € 87 765 €
(chemical)
4.1 Recovery of Burned Areas 25672€ 77032 € | 54466 € 163 419 €
5.1 Collection and Burning of Leftovers 49 € 488 € 146 € 1463 €
5.2 Collection and Chipping of Leftovers 2100 € 6300 € | 8500 € | 25500 €
7.2 Application of Cultural Phytosanitary 60 € 600 € 120 € 1198 €
Treatments
7.3 Application of Chemical and/or 1300 € 3900 € 5035 € 17 804 €

Biological Phytosanitary Treatments
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