
 
 

Marta Horta de Sousa Vergílio 

 

 

 

A CONTRIBUTION TO ADAPTATION AND IMPLEMENTATION 

MECHANISMS FOR ECOLOGICAL STRUCTURE IN SPATIAL PLANS 

 

 

 

 

 
University of the Azores · Portugal 

October 2016



 
 

 

 



 
 

 

 

 

 

 
A dissertation submitted to fulfill the requirements for the degree of 

Doctor of Philosophy in Biology 

 

 

 

 

 

 

Advisors: 

Prof. Dr. Helena Calado, Prof. Dr. Rui Pedro Julião 

 

 

 

 

 

Marta Horta de Sousa Vergílio 

 

 

 

 

A CONTRIBUTION TO ADAPTATION AND IMPLEMENTATION 

MECHANISMS FOR ECOLOGICAL STRUCTURE IN SPATIAL PLANS 

 

 

 

 
Department of Biology • Faculty of Sciences and Technology 

University of the Azores · Portugal 

October 2016  



 
 

 



 
 

For bibliographic purposes please cite this dissertation as: 

Vergílio M. 2016. A contribution to adaptation and implementation mechanisms for ecological 

structure in spatial plans. PhD dissertation, University of the Azores, Ponta Delgada, Portugal. 

 

 

 

 

Cover illustration: 

Mount Pico on Pico Island, the Azores, Portugal  

(photo: Marta Vergílio; photo-editing: Pedro Lopes) 

 

 

 

 

 

 

 

 

 

 

Funding: 

This PhD Project (M3.1.2/F/007/2011) is funded by the Azorean Regional Fund for Science and

Technology and the Pro-Emprego. This research was also supported by FEDER funds through the

Operational Programme for Competitiveness Factors - COMPETE and by National Funds through

FCT - Foundation for Science and Technology under the UID/BIA/50027/2013, POCI-01-0145-

FEDER-006821 and UID/SOC/04647/2013. 

 

 

 

   



 
 

 



 

 

ACKNOWLEDGEMENTS 

This dissertation is the result of a working path that has only become possible with the support and 

cooperation of some people, to whom I want to express my sincere gratitude. 

 

I would like to especially thank my supervisor Helena Calado, who urged me to go for a PhD, for 

providing me with crucial knowledge, constructive critique and lots of support and for sending me to 

the cold winter. 

I would like to thank my supervisor Rui Pedro Julião for the incentive and academic support. 

Gratefulness to all my co-authors for their collaboration and academic support: Adela Nistora, 

António de Frias Martins, Catarina Fonseca, Eduardo Brito de Azevedo, Helena Calado, Karen 

Fjøsne, Paulo A.V. Borges, Pedro Cardoso, Rosalina Gabriel, Rui Elias. 

Sincere gratefulness to those who contributed to the expert consultation processes, amongst 

others: António de Frias Martins, Artur Gil, Fátima Viveiros, João Paulo Fernandes, Paulo A.V. 

Borges, Paulo Amaral, Paulo Borges, Pedro Cardoso, Pedro Monteiro, Pedro Raposeiro, Rosalina 

Gabriel, Rui Elias, São Ventura and Vasco Medeiros. 

Sincere gratitude to Artur Gil, Catarina Fonseca, Kiat Ng and Regina Cunha for sharing with me 

their knowledge, for all advices, support and encouragement. 

Sincere gratitude to António Medeiros for the unquestionable availability and for providing technical 

support with geographical information systems. 

Sincere gratitude to Fabiana Moniz and Sandra Monteiro, for their companionship and for providing 

support with the administrative work. 

Sincere acknowledgment to the Finnish Museum of Natural History for accepting me and for the 

hospitality. A special thank to Pedro Cardoso for sharing all the knowledge, for the support, 

incentive and hospitality. 

Sincere acknowledgment to the Department of Natural Resources Science, of the University of 

Rhode Island, for accepting me. Deep gratitude to Charles Labash and the rest of the team for the 

support and hospitality. Sincere gratitude to Anne Kuhn, Caroline Druschke, Dennis Skidds, Janice 

Sassi, Kevin Ruddock, Kristen Hychka, Mary Hutchinson, Mike Bradley, Roland Duhaime, Sara 

Nerone and Scott Comings for sharing their knowledge and hospitality. A special thank from the 

heart to Pete, Lynn, Chris and Deb for the accommodation and companionship, for sharing with me 

their knowledge, for all the good moments, the Malted Barley, the Taylor Swift’s house visit and for 

the funny geocaching. 

Heartfelt thanks for the coffees, cups of tea, crepes and companionship of my dearest friends: Ana, 

Cláudia, Elisabete, Mafalda and Zita. Without you it would not have been the same! 



 

 

Heartfelt thanks to Ana and Célia for their friendship and for always being there. 

Thank you from the bottom of my heart to my beloved family who, despite the physical distance, 

continue to always be present in the best and least good that happens in my life. Thank you for the 

unconditional love and emotional support and for being who you are! 

Last but not the least, thank you from the bottom of my heart to my loving companion Pedro, who 

helped with small (but big!) tasks and helped keeping me sane throughout this journey. A special 

thank you for the emotional support, for providing me with love and for being who you are! 

 

Thank you everyone above and everyone else who played a part in this fruitful journey! 

--- § ---  



 

 

 ABSTRACT 

Small islands, as the Azores, a Portuguese archipelago located in the middle of the North Atlantic 

Ocean, are highly susceptible to natural hazards and low adaptive capacity to maintain ecological 

functions. The cumulative effect of environmental and socio-economic pressures increases their 

vulnerability and reduces resilience. The balance between efficient environmental management 

approaches and natural resources exploitation is particularly challenging on small islands. Space is 

limited and human activities can hardly be relocated, requiring new tools and solutions for spatial 

planning.  

Currently, both Portuguese and Azorean spatial planning systems commits the creation and 

mapping of an ecological structure (ES), which must include systems for protection of natural, 

cultural, agricultural and forestry values and resources. However, no detailed guidelines are 

provided and a consensual and standardized methodology to implement is missing. Using Pico 

Island as case study, the main goal of this PhD project is the creation of a process of designing the 

ES adapted to the Azores, based on scientific criteria, ecosystem functions (EFs) and 

accomplishing remaining legislation in force.  

In order to understand the status of the application of the ES, a critical analysis of the available 

literature was performed to propose a conceptual framework to define ES for small islands. A 

methodology to determine the efficiency of current protected areas (PAs) in meeting species 

conservation targets and to identify alternative or complementary areas relevant for conservation, to 

include in the ES, was developed. Carbon storage, as an example of EFs, was estimated and 

mapped to be considered in the design of the ES. And an exploratory analysis of the EFs on Pico 

Island to integrate them in the spatial planning process and to design the ES was developed. 

The proposed framework to define ES for small islands is based on: (i) the identification and 

mapping of island’s territorial units (step 1); (ii) the definition of the priority ES, applying current 

legislation (step 2a); (iii) the definition of the secondary ES, identifying and mapping EFs based on 

previous territorial units (step 2b); and (iv) the association of the information from steps 2a and 2b, 

applying a multi-criteria decision making methodology, producing a map of ES for the entire island 

(step 3). The methodology aggregating and mapping EFs was relatively simple to implement with 

available expert knowledge. The analysis suggested that the use of EFs, along with multi-criteria 

decision-making techniques, could successfully contribute to define ES and integrate spatial 

planning. 

The proposed framework to design the ES meets the requirements of local legislation and uses an 

EF approach that is increasingly advocated in European recommendations. This framework is 

presented as a strategic and flexible way to support decision-making by allowing the identification of 

integrated and participated solutions, decreasing trade-offs and reconciling the needs of nature 

conservation and socioeconomic development. This approach could be readily extended to other 

islands and regions with features similar to the Azores. 
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RESUMO (IN PORTUGUESE) 

As pequenas ilhas, como os Açores, um arquipélago autónomo da República Portuguesa, 

localizado no norte do Oceano Atlântico, apresentam uma elevada susceptibilidade a desastres 

naturais e baixa capacidade adaptativa para manter funções ecológicas. O efeito cumulativo de 

pressões ambientais e socioeconómicas aumenta a vulnerabilidade e a reduz a resiliência destes 

territórios. Encontrar um equilíbrio entre o desenvolvimento de uma gestão ambiental eficiente e a 

exploração dos recursos naturais é particularmente desafiador. Nestas regiões o espaço é limitado 

e as actividades humanas dificilmente poderão ser relocalizadas, exigindo novas ferramentas e 

novas soluções para o ordenamento do território. 

Actualmente, tanto a legislação nacional portuguesa, como a legislação regional dos Açores, 

determinam que deve ser criada e cartografada uma estrutura ecológica (EE), que deverá incluir os 

sistemas de protecção dos valores e recursos naturais, culturais, agrícolas e florestais. No entanto, 

não têm sido disponibilizadas directrizes nem têm sido adoptadas metodologias consensuais e 

padronizadas para implementar a EE. Utilizando a ilha do Pico como caso de estudo, o objectivo 

global do presente projecto de doutoramento é a criação de um processo de delimitação da EE 

adaptando-o aos Açores, tendo por base critérios científicos, as funções dos ecossistemas (FEs) e 

cumprindo com a legislação em vigor. 

A fim de conhecer a situação sobre a aplicação da EE, foi realizada uma análise crítica de literatura 

disponível para a proposta de um modelo conceptual para definir a EE em pequenas ilhas. Foi 

definida uma metodologia para determinar a eficiência das actuais áreas protegidas (APs) no 

cumprimento de objectivos de conservação das espécies e para identificar áreas alternativas ou 

complementares com relevância para a conservação, que pudessem ser incluídas na EE. Como 

sendo um exemplo de FE, o stock de carbono foi estimado e cartografado para ser considerado na 

delimitação da EE. E foi realizada uma análise preliminar às funções dos ecossistemas na ilha do 

Pico, para integrarem o processo de ordenamento do território e a cartografia da EE. 

O modelo conceptual proposto para delimitar a EE em pequenas ilhas é baseado: (i) na 

identificação e cartografia de unidades territoriais da ilha (passo 1); (ii) na definição da EE 

prioritária, identificando a legislação em vigor (passo 2a); (iii) na definição da EE secundária, 

identificando e cartografando as FEs baseados nas unidades territoriais anteriores (passo 2b); e 

(iv) na associação da informação dos passos 2a e 2b, aplicando uma metodologia de tomada de 

decisão por multi-critério, resultando uma carta de EE para toda ilha (passo 3). A metodologia de 

agregação e cartografia das FEs demonstrou-se relativamente simples de implementar, com a 

devida disponibilidade de conhecimento especializado. A análise sugere que o recurso às FEs, 

juntamente com técnicas de tomada de decisão por multi-critério, pode contribuir com sucesso para 

a delimitação da EE e para a integração no ordenamento do território. 

O modelo proposto para delimitar a EE satisfaz os requisitos da legislação local e utiliza uma 

abordagem com as FEs que tem sido cada vez mais defendida em recomendações europeias. O 

modelo é apresentado como um suporte estratégico e flexível à tomada de decisão, ao permitir a 



 

 

identificação de soluções integradas e participadas, reduzindo os trade-offs e conciliando as 

necessidades de conservação da natureza com o desenvolvimento socioeconómico. Esta 

abordagem poderá ser estendida a outras ilhas e regiões com características semelhantes às dos 

Açores. 

Palavras-chave 

Ordenamento do território; planeamento ambiental; estrutura ecológica; infra-estrutura verde; 

funções dos ecossistemas; pequenas ilhas; Açores 
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