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Francisco Taveira-Pinto, Paulo Rosa-Santos, Tiago Fazeres-Ferradosa

Editorial note / Nota editorial
COASTAL MANAGEMENT: ECOSYSTEMS AND HABITATS
Francisco Taveira-Pinto1, Paulo Rosa-Santos1, Tiago Fazeres-Ferradosa1
Coastal engineering and science problems are typically characterized by high levels of complexity and remarkable sets of broad
Human-Nature interactions. Hence, integrated coastal management implies the constant striving for multidisciplinary solutions that
vary in their technical, economical, historical and socio-cultural background. As a result, the sustainable management of coastal
regions implies a full integration of the ecosystems and habitats needs. In this 4th issue of 2021 of the Journal of Integrated Coastal
Zone Management, an appealing set of contributions focused on coastal ecosystems and coastal habitats interventions is provided,
towards the enhancement of sustainable engineering principles. Additionally, this issue provides historical perspectives on sitespecific interactions within highly challenging coastal regions.
In Palma et al. (2021), a detailed analysis is given on the human intervention carried out in the beach-dune ecosystem of Costa
da Caparica, in Portugal, the 19th century. In this historical analysis carried for an impressive period, the authors point out the
importance of regional social dynamics to the environmental pressure and changes registered on the local beach-dune system.
Furthermore, the analysis of the latest decades is performed, since 1950, due to the severe coastal erosion phenomena registered
from that year onwards. Since the 60’s decade, the beach-dune ecosystem at Costa da Caparica has endured numerous interventions.
More recently, since 2015 the local municipality has been making efforts to efficiently rehabilitate the existing dunes, namely, with
strategies to retain sand and to enhance local vegetation growth. Palma et al. (2021) offer a long-term perspective on the evolution
of this ecosystem, including interesting interferences, as the afforestation experiences or the construction of local drainage systems
just to mention a few. This contribution sets a detailed example on how socio-cultural ideas, values, economic and political factors
contribute to shaping coastal management strategies and coastal habitats and landscapes. Other similar contributions given in
former issues are also recommended to the journal’s readers, e.g. De Pádua Andrade and Schiavetti (2015), Morea and García
(2016), Garcia and Gireli (2019).
The preservation of ecosystems and habitats, like the ones described by Palma et al. (2021), is highly dependent on the local
community’s perception of coastal resources and the full complexity of coastal regions. Aiming at highlighting the importance of the
community’s perception to enhance sustainable natural resources management, Hoguane et al. (2021) provide the case study of
Bons Sinais Estuary (Mozambique). Through an extensive survey and interviewing of local habitants, their willingness to contribute to
mangrove restoration and management is assessed. A total of 169 natural resource users were interviewed, including a broad sample
from five villages (Marrubune, Gazelas, Icidua, Chuabo Dembe and Inhangome) with different areas of relationship with the local
coastal habitat, e.g. fisherman, farmers, among others. This study concludes that the community’s perception of the importance
of Bons Sinais Estuary can vary depending on different factors, but generally, the sample showed a willingness to contribute to
coastal co-management strategies that could enhance the sustainability of coastal resources crucial to their socio-economic
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activities. The community’s opinion on sustainable measures to preserve coastal resources is also evaluated, e.g. regarding the
banning of small mesh fishnets or mangrove restoration, among others. Moreover, the authors compare the perceptions across the
villages and conclude that similarities could be found. Hoguane et al. (2021) provide an attractive example on how understanding
the community’s perceptions about, the value of ecosystems and natural resources is important to promote sustainable humanenvironment interactions, as well as education and awareness campaigns that preserve and value natural resources management.
As seen for the above contributions and discussed in Taveira-Pinto et al. (2020, 2021a and 2021b), given the intense anthropogenic
and coastal zones, the management and sustainability of coastal zones often require engineering interventions. A good example
is the need to perform beach nourishment activities to sustain the coastline reduction and to improve the usage conditions of
beaches. On this topic, Teixeira (2021) shows how beach nourishment activities can be used to reduce the hazards related to sea
cliffs in pocket beaches at Algarve. The Barlavento coast of Algarve is known for its pocket beaches with high a risk level of cliffs’
collapse and downfalls, which have in the past been associated with assets’ loss and fatalities in the touristic regions. As Teixeira
(2021) highlights, this risk is mainly a cause of the pattern of touristic occupation in the Algarve and the geodynamics of the rocky
sea cliffs, characterized by the discontinuous and intermittent occurrence of slope mass movements. Teixeira (2021) analyses
the Castelo and Coelha beaches, which were artificially nourished in 2014 that resulted in a beach area increase of 3.5 times the
original size. The study concerns the time period of 2006 to 2016, which captures the intervention before and after moments, and
provides a discussion on the occupancy data for different seasons along the year along with an extensive analysis of photographic
records. Moreover, the author shows that following the beach fill, beach occupation by recreational users naturally shifted seaward,
moving out from the cliff hazard areas, thus reducing cliffs hazards significantly. After the intervention, the occupation of high and
moderate hazard areas reduced from 37 % to 11 % in Castelo beach and from 59 % to 27 % in Coelha beach. This significant risk
reduction stands out the importance of coastal engineering interventions as a requirement to promote a low-risk interaction between
socioeconomical and touristic activities with the natural hazards that are part of coastal habitats.
Either with engineering interventions or not, a key component of integrated coastal zone management of ecosystems and habitats
is the ability to fully understand and characterize the local environment. Over the past decades, the Journal of Integrated Coastal
Zone Management has published a rich set of fundamental research, case studies and applied engineering cases on this matter
(Fortunato et al., 2015; Angulo et al., 2020; Evaristo et al., 2021, among others). The research presented by Paneque et al. (2021)
gives a comprehensive characterization of the Northeastern Coast of Cuba. This work combines photographic records with local data
to extensively characterize the Cuban Archipelago, its associated coastal processes from the morphodynamic, hydrodynamic and
sedimentary point-of-view. Paneque et al. (2021) stands as a benchmark study, which is useful for multidisciplinary research and
coastal interventions in similar archipelagos.
Ecosystems and habitats play a key role in the equilibrium of coastal zones. However, in face of the rising populations in littoral
regions and the associated increase in the anthropogenic pressure, as well as the effects of climate change, there is an evergrowing need to intervene in such areas to ensure populations and assets’ safety, to reduce shoreline retrogradation, to decrease
cliff hazards and many other aspects of coastal nature, which are surrounded by uncertainty and complexity. Therefore, the need
to couple the natural equilibrium of coastal zones with sustainable and responsible coastal interventions brings additional value to
novel approaches and knowledge sharing as the Journal of Integrated Coastal Zone Management tries to promote in this issue as
well as in the past ones.

GESTÃO COSTEIRA: ECOSSISTEMAS E HABITATS
Os problemas de engenharia costeira caracterizam-se, tipicamente, por elevados níveis de complexidade e amplas interações
entre o Homem e a Natureza. Assim, e por outro lado, a gestão costeira integrada implica a procura constante de soluções
multidisciplinares, que variam no seu contexto técnico, económico, histórico e sociocultural. Como resultado, uma gestão integrada
e sustentável das zonas costeiras implica uma plena integração dos serviços dos ecossistemas e dos habitats. Neste 4º número
de 2021 da Revista de Gestão Costeira Integrada, é apresentado um conjunto significativo de contribuições centradas nos
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ecossistemas e habitats costeiros, com vista à melhoria dos princípios da engenharia sustentável. Além disso, este número
apresenta também perspetivas históricas sobre interações ao nível local em regiões costeiras significativamente desafiantes.
Palma et al. (2021) apresentam uma análise detalhada da intervenção humana no ecossistema praia-duna da Costa da Caparica,
em Portugal, desde o século XIX. Nesta análise histórica, realizada durante um período significativo, os autores salientam a
importância da dinâmica social regional para a pressão ambiental e para as mudanças registadas no sistema local praia-dunas. É
ainda realizada a análise das últimas décadas, desde 1950, devido aos graves fenómenos de erosão costeira registados a partir
desse ano. Desde a década de 60, o ecossistema praia-dunas da Costa da Caparica tem sofrido numerosas intervenções. Mais
recentemente, desde 2015 o município tem feito esforços para reabilitar eficazmente as dunas existentes, nomeadamente com
estratégias para reter sedimentos e melhorar o crescimento da vegetação local. Palma et al. (2021) oferecem uma perspetiva
de longo prazo sobre a evolução deste ecossistema, incluindo interferências importantes, como as experiências de florestação ou
a construção de sistemas de drenagem locais, só para mencionar algumas. Esta contribuição constitui um exemplo detalhado de
como ideias e valores socioculturais, fatores económicos e políticos contribuem para moldar estratégias de gestão, os habitats e
paisagens nas zonas costeiras. Aos leitores, recomendam-se também outras contribuições semelhantes publicadas em edições
anteriores da revista, por exemplo, De Pádua Andrade e Schiavetti (2015), Morea e García (2016), Garcia e Gireli (2019).
A preservação de ecossistemas e habitats, tais como os que são descritos por Palma et al. (2021), é muito dependente da
perceção que a comunidade local tem dos recursos costeiros e de toda a complexidade das regiões costeiras. Com o objetivo
de realçar a importância da perceção da comunidade para melhorar a gestão sustentável dos recursos naturais, Hoguane et
al. (2021) apresentam o estudo de caso do Estuário do Sinais de Bons (Moçambique). Através de um extenso inquérito e de
entrevistas aos habitantes locais, os autores avaliam a vontade destes em contribuir para a restauração e gestão dos manguezais.
Foram entrevistados 169 utilizadores de recursos naturais, incluindo uma ampla amostra de cinco aldeias (Marrubune, Gazelas,
Icidua, Chuabo Dembe e Inhangome), com diferentes áreas de interação com o habitat costeiro local, por exemplo, pescadores,
agricultores, entre outros. Este estudo conclui que a perceção da comunidade sobre a importância do Estuário de Bons Sinais
pode variar em função de diversos fatores, mas de um modo geral, existe a vontade de contribuir para estratégias de co-gestão
costeira que podem melhorar a sustentabilidade dos recursos costeiros, cruciais para as suas atividades socioeconómicas. A
opinião da comunidade sobre medidas sustentáveis para preservar os recursos costeiros é também avaliada, por exemplo, em
relação à proibição de utilização de pequenas malhas de rede de pesca ou à restauração de mangais, entre outros. Além disso, os
autores comparam as perceções entre as diferentes aldeias e concluem que podem ser encontradas semelhanças. Hoguane et al.
(2021) fornecem um exemplo atrativo sobre como a compreensão das perceções da comunidade sobre o valor dos ecossistemas
e dos recursos naturais é importante para promover interações homem-ambiente que sejam sustentáveis, bem como promover
campanhas de educação e sensibilização que preservem e valorizem a gestão dos recursos naturais.
Conforme demonstrado pelos exemplos anteriores e pela discussão fornecida por Taveira-Pinto et al. (2020, 2021a e 2021b),
dada a intensidade antropogénica nas zonas costeiras, a sua gestão e sustentabilidade requerem, frequentemente, intervenções
do ponto de vista da engenharia. Um bom exemplo disso passa pela necessidade de realizar atividades de alimentação artificial
de praias, no sentido de minimizar o recuo da linha de costa e para melhorar as condições de utilização das praias. Sobre este
tema, Teixeira (2021) mostra como a alimentação artificial de praias pode ser utilizada para reduzir os perigos relacionados com
as falésias e arribas de praias encaixadas do Algarve. A costa do Barlavento algarvio é conhecida pelas suas praias encaixadas
com elevado risco de colapso e queda de falésias, que, no passado, foram associadas à perda de bens e fatalidades nessa região
turística. Como salienta Teixeira (2021), este risco é essencialmente causado pelo padrão de ocupação turística no Algarve e pela
geodinâmica das falésias marítimas rochosas, que se caracterizam pela ocorrência descontínua e intermitente de movimentos de
massa das encostas. Teixeira (2021) analisa as praias do Castelo e da Coelha, que foram artificialmente alimentadas em 2014,
intervenção que resultou num aumento da área de praia em 3.5 vezes o tamanho original. O estudo diz respeito ao período de
2006 a 2016, que analisa a zona costeira antes e depois da intervenção de alimentação artificial e discute os dados de ocupação
em diferentes estações do ano, juntamente com uma análise extensiva de registos fotográficos. Além disso, o autor mostra
que, após a alimentação artificial da praia, a ocupação da mesma por banhistas passou a ocorrer em zonas mais próximas do
mar, afastando-se das zonas de risco das falésias, reduzindo-se significativamente os perigos associados às derrocadas. Após a
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intervenção, a ocupação de áreas de risco elevado e moderado diminuiu de 37% para 11% na praia do Castelo e de 59% para
27% na praia da Coelha. Esta redução de risco significativa mostra a importância das intervenções de engenharia costeira como
um requisito para promover uma interação de baixo risco entre atividades socioeconómicas e turísticas, com os perigos naturais
subjacentes aos habitats costeiros.
Com ou sem intervenções de engenharia, uma componente chave da gestão integrada dos ecossistemas e habitats da zona
costeira é a capacidade de compreender e caracterizar plenamente o ambiente local. Nas últimas décadas, a Revista de Gestão
Costeira Integrada, tem publicado um vasto conjunto de artigos em investigação fundamental, casos de estudo e de engenharia
aplicada sobre esta matéria (Fortunato et al., 2015; Angulo et al., 2020; Evaristo et al., 2021, entre outros). A investigação
realizada por Paneque et al. (2021) apresenta uma caracterização abrangente da Costa Nordeste de Cuba. Este trabalho combina
registos fotográficos com dados locais para caracterizar extensivamente o Arquipélago cubano, e os processos costeiros que lhe
estão associados, do ponto de vista morfodinâmico, hidrodinâmico e sedimentar. Paneque et al. (2021) aborda um caso de estudo
de referência que se torna útil para estudos multidisciplinares e intervenções costeiras em arquipélagos semelhantes.
Os ecossistemas e habitats desempenham um papel fundamental no equilíbrio das zonas costeiras. Contudo, face ao aumento
das populações nas regiões litorais e ao aumento associado das pressões antropogénicas, bem como aos efeitos das alterações
climáticas, existe uma necessidade crescente de intervir nessas áreas, no sentido de garantir a segurança das populações e dos
bens, para reduzir a retrogradação da linha costeira, para diminuir os perigos das derrocadas das falésias e muitos outros aspetos
da natureza costeira, que estão rodeados de incerteza e complexidade. Assim, a necessidade de aliar o equilíbrio natural das
zonas costeiras com as intervenções costeiras sustentáveis e necessárias, acarreta valor acrescentado para novas abordagens e
para a partilha de conhecimentos, tais como os que a Revista de Gestão Costeira Integrada tenta promover nesta edição, assim
como em edições anteriores.
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MORPHOLOGICAL, HYDRODYNAMIC AND SEDIMENTARY CHARACTERISTICS OF THE NORTHEASTERN COAST OF CUBA
Ridel Rodriguez Paneque1
ABSTRACT: The absence of the marine platform, the presence of emerged and submerged terraces with tide notches on its front face and the increase in the number of beaches
constituted by terrigenous sands towards the east end of this coastal stretch are the main geomorphological features that characterize the northeastern coast of Cuba. The lower rocky
terrace is the best represented type of coastline on the Northeastern coast, exposed to the direct action of ocean waves. Considering the inland coast, mangroves are the most
abundant type of coast and occupy most of the bays on this coastal stretch. From the hydrodynamic point of view, the highest wave heights of the north coast of Cuba take place
there. In addition, the biggest tidal range of the Cuban archipelago is recorded. From the sedimentary point of view, these beaches have a greater amount of fragments of mollusks
and corals and fewer fragments of calcareous algae than the other beaches of the Cuban archipelago. These beaches, unlike the other beaches of Cuba, show cumulative processes
at the end of winter and early spring, with a maximum accumulation in April, while eroding at the beginning of autumn, with maximum values in the months of September and October.
Keywords: Coastal characteristic, beach, genesis sand, Northeastern coast of Cuba.
RESUMO: A ausência da plataforma marinha, a presença de terraços emersos e submersos com nichos de maré em sua face frontal, assim como o aumento do número de praias
constituídas de areias aluviais em direção ao extremo oriental do litoral são os principais traços geomorfológicos que caracterizam a costa nordeste de Cuba. O terraço rochoso
baixo é o tipo de costa melhor representado na costa nordeste, exposto à ação direta das ondas do oceano. Considerando a costa mais interior, os manguezais são o tipo de
costa mais abundante e ocupam a maioria das baías desta costa. Do ponto de vista hidrodinâmico, apresentam as maiores alturas de onda da costa norte de Cuba e as maiores
amplitudes de marés registradas no arquipélago cubano. Do ponto de vista sedimentar, as praias desta costa possuem maior quantidade de restos de moluscos e corais e menor
quantidade de restos de algas calcárias, que as demais praias do arquipélago cubano. Estas praias, diferentes das demais praias de Cuba, apresentam processos de acumulação
ao final do inverno e início da primavera, com uma máxima concentração no mês abril e erodem no início do outono, com valores máximos nos meses de setembro e outubro.
Palavras-chave: Característica costeira, praia, génesis de areia, costa Nordeste de Cuba.
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1. INTRODUCTION
The Cuban island platform is considered as a single area divided
into four regions, which are distinguished according to their
geographical position with respect to the main island. These
are the northwestern (Las Coloradas Archipelago), northeastern
(Jardines del Rey Archipelago), southwestern (Los Canarreos
Archipelago) and southeast (Jardines de la Reyna Archipelago)
(Figure 1A). The Cuban island platform presents certain
differences in its geomorphological development (Ramírez,
1989). These are associated with the tectonic behavior of the
island of Cuba (Figure 1B), its geographical configuration, the
rivers flow which do not contribute large volumes of sediments
to the platform, the selective destruction of the carbonated
coasts, and the peculiarities of the barrier reefs that surround
it, among others.
In this context, the Northeastern coast of Cuba, from Punta
Quemado, the easternmost tip of Cuba, to Punta Maternillo,
in the Nuevitas Bay (Figure 1C), has the singularity of not
being part of any of the four platform regions, which from the
geomorphological point of view, the Cuban archipelago has been
subdivided. Núñez Jiménez (1982) calls it the narrow platform
region between the Bay of Nuevitas and Punta de Maisí. This
characteristic, together with the behavior of the hydrodynamic
regime and the sediments that make up the coast, imposes a
group of peculiar features for this coastal stretch as well as the
morphodynamic behavior of the biogenic beaches that exist
there.
This coastal stretch has an extension of 474 km, exposed to the
direct action of the oceanic waves. Beaches represent 26% of
the coast and have fundamentally a marine origin (Rodríguez
and Córdova, 2006). The absence of the insular platform
determines that areas of production of marine sediments are
very small. Consequently, beaches are of little extension and
development; therefore, very fragile beaches linked its existence
to the coral reef crests, which serve as elements of defense
against the action of the greater waves.
In Cuba, during the twentieth century, coastal physical studies
addressed fundamentally at the interpretation of coastal
landforms and the clarification of their geological structure.
Such are the cases of the studies conducted by Ionin et al.
(1972, 1977); Shantzer et al. (1975); Ramírez (1989), with few
references on current dynamic processes.
The most significant works were made by Juanes et al. (1984,
1985), Ramírez and Foyo (1987) and Juanes (1996), improving

the understanding of the dynamic processes in the Hicacos
Peninsula and the Eastern Beaches of La Habana respectively,
and at the same time, contributing to a more complete picture
on the erosion processes on Cuban beaches. However, the
beaches of the northeastern coast of Cuba were left behind in
these studies, until Rodríguez and Córdova (2006) undertook
the problem of its erosion.
In order to mitigate erosion problems on Cuban beaches,
beach nourishment has played a key role due to its advantages
over other techniques (low environmental impacts, immediate
results, and not foreign elements). However, the northeastern
coast of Cuba has morphological, dynamic and sedimentary
peculiarities, which differentiates it from the rest of the Cuban
Archipelago. Consequently, the use of any numerical predictive
model, as a theoretical basis for erosion control actions of its
beaches has to consider these differences.
In concordance with the elements presented before, this
paper aims to analyze the morphological, hydrodynamic and
sedimentary peculiarities of the Northeastern coast of Cuba. This
will contribute to a better understanding of the morphodynamic
behavior and the processes responsible for the erosion on the
beaches.
2. MATERIALS AND METHODS
2.1 Study area
The northeastern coast of Cuba, from Punta Quemado (74°W,
20°N), the most Eastern tip of Cuba, to Punta Maternillo
(77ºW, 21ºN), in Nuevitas Bay, has an extension of 1402 km,
including the inner coasts of the numerous bays existing. Of
these, 474 km are exposed to the wave direct effects from the
Atlantic Ocean and represent 8.2% of the outer coasts of the
island of Cuba (Figures 1A, 1B, 1C).
The geological features of the Cuban archipelago are the result
of a very complex history, represented by a series of sequences
and structures closely related to the evolution of the Western
Caribbean (Cotilla et al., 1996). With a volcanic origin,
nowadays it constitutes a folded belt accreted to the southern
margin of the North American Plate (Cotilla et al., 1996). The
proximity to the plate boundary of Oriente fault, along with other
factors, has created conditions for the formation and continued
seismic activity (Pérez et al., 2001) being the south of Sierra
Maestra, in the Oriente fault, the zone where greater seismicity
occurs (Arango et al., 2015). Almost parallel to and close to
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Figure 1. Geographical context of the study area. A: Cuban archipelagos; B: Fault position; C: Limits of the northeastern coast of Cuba.

the Northeastern coast of Cuba is the continuity of the island
of Hispaniola Northern fault (Arango et al., 2015) and further
west the Sabana fault (Orbera, 1989), separating Cuba from the
Bahamas basin, by the fracture of the Old Channel of Bahamas
(Ionin et al., 1977).
Jaminaitas formation (Jai.) of Pleistocene age, parallel to the
shoreline, constitutes the main lithology of this coastal stretch.
It is composed of massive, reef-shaped, and usually karstic
and calcarenite bio-limestone, on which sand deposits of the
Varadero Formation (Va.), appears. Underlying to the Jaimanitas
Formation appears the Formation Júcaro (Jc.) composed
by marls, bream loams, limestones usually argillaceous,
calcarenites. In general, they are carbonate sediments of
sublittoral facies of yellow and cream colors, which by the
weathering become red and violaceous (Orbera, 1989).
Cuban climate is moderate subtropical, with two distinct
seasons. According to the Institute of Meteorology of Cuba
(INSMET, 2017), the most important changes are linked to the
presence of disturbances in the tropical circulation, causing
the arrival of waves from the East and tropical cyclones. Data

from the Meteorological Center of Holguín (2016) show that
every 17 months, the study area is affected by extreme hydrometeorological events (northern frontal systems, extratropical
falls, and hurricanes), which generate waves higher than 2.5 m.
Rainfalls are distributed during the months of June, May,
November, and October, according to the order of their historical
averages, closely associated in October and November with
extensive precipitation areas associated with hurricanes and
tropical storms. In Cuba, the average precipitation is 1234 mm,
although in the littoral study area does not exceed 800 mm
(INSMET, 2017).
2.2 Methodology
2.2.1 Geomorphology
The geomorphological characterization of the northeastern
coast of Cuba was made considering the lithological
composition, presenting relief forms, coastal processes, as well
as the classification of the coasts of Cuba (Ramírez and Sosa,
1989), collected in the Nuevo Atlas Nacional de Cuba (1989).
Fundamentally, it considers the four types of coastal landforms,
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of interest to the management of the coastal zone (cliffs, low
terraces, beaches, and mangroves) which appear in the Act
212/2000 of Coastal Zone Management.
The analysis was carried out taking as reference the studies
and observations made by the author for more than 20 years
covering the whole study region (Rodríguez and Córdova, 2005a,
2006, 2010), including three very low altitude helicopter travels
(1999, 2005, 2012), several expeditions by sea (1993 - 2013),
as well as numerous land expeditions (1993 - 2016). In
addition, topographic maps at 1:25000 and 1:50000 scales of
the Republic of Cuba were analyzed and interpreted.

by Rodríguez (2004) and upgraded by the same author in
2015 and 2016. The beaches selected for the study represent
44% of the total, and their selection took into account their
geographical location, extension, shoreline configuration and
exposure to the usual waves. The analysis of the sand genetic
composition was performed with a stereoscopic microscope and
the genetic determination of 200 grains sand beach of fractions
between 0.25 and 2.0 mm of average diameter size of the 35
sandy beaches. Three fractions (0.25 - 0.425; 0.425 - 0.84,
0.84 - 2.00 mm) of each sand beach sample were averaged for
the definition of the genetic composition of the sands of each
beach.

2.2.2 Hydrodynamics
The hydrodynamic characteristics were determined considering
information about wind, historical waves, tides, and littoral
currents. A wind dataset of 50 years was analyzed (1963-2013),
provided by the Institute of Meteorology of Cuba (INSMET),
which contains information about wind velocity, direction and
frequency from Lucrecia meteorological station (75° 37’ W, 21°
04’ N), located in the center of the study coastal area, and
therefore representative of the same area.
Wave data is referred on the grid 32 of the Global Wave
Statistics, which provides information on significant wave height
and period, very close to the study area. This is a wave database
published by the Royal British Navy in which the seas and
oceans of the world were divided into 104 areas. The prevailing
directions of the waves of the Global Wave Statistics coincide
with the wind regime reported from the Lucrecia meteorological
station. A database of 50 years (1960-2010) was used.
The information about tides was obtained from twelve tide
gauge stations which cover the coastal study area, whose
information appears in the publications of the Intergovernmental
Oceanographic Commission of UNESCO, and in the tide tables
of the Republic of Cuba. These tide gauge stations are: Nuevitas
(77° 7’ W, 21° 38’ N); Manatí (76° 49’ W, 21° 21’ N); Puerto
Padre (76° 33’ W, 21° 14’ N); Gibara (76° 7’ W, 21° 7’ N);
Banes (75° 42’ W, 20° 55’ N); Felton (75° 35’ W, 20° 44’ N);
Nipe (75° 34 W, 20° 47’ N); Levisa (75° 33’ W, 20° 42’ N);
Tánamo (75° 19’ W, 20° 43’ N); Moa (74° 54’ W, 20° 39’ N);
Baracoa (74° 30’ W, 20° 21’ N) and Maisí (74° 8’ W, 20° 15’ N).
2.2.3. Sediments
For the sedimentological study, the genetic composition of 35
sandy beaches was used. Those are in the northeastern coast
of Cuba, according to the inventory and characterization made

3. RESULTS AND DISCUSSION
3.1. Geomorphology
The most characteristic feature on the northeastern coast of
Cuba is the narrowness or absence of a marine platform. At the
central position of the territory, the platform does not exceed
a nautical mile in width and almost disappears to the eastern
end, contrary to what happens in the rest of the north coast of
Cuba, where the platform has an extension of several miles of
width. Núñez Jiménez (1982) denominates it a region of the
narrow platform between Nuevitas bay and Maisí tip.
The morphological features at the northeastern coast of Cuba
are conditioned by tectonic activity, geostatic changes in sea
level and the effect of the fluvial network, although with a spatial
differentiation. According to Rodríguez and Córdova (2005a),
there is a predominance of coasts exposed to erosive processes
(60.5%), while cumulative coasts occupy 39.5%, in both cases
for the coast exposed to waves.
The biggest part of the coastal consists of a low rocky terrace,
which does not exceed 2.0 m of height above mean sea level,
with limestone and karst forms development. This low rocky
terrace stretches along 211.5 km, occupying 46.3% of the
northeastern coast of Cuba. It is largely covered by deposits of
coral fragments (coastal ridge or seboruco costero) (Figure 2A).
These deposits constitute remains of a frontal coral reef that is
exposed after the descent of 3 or 4 m of the sea level, which
occurred subsequently to the Flandrian transgression (Cabrera,
2011); and not as a consequence of materials carried thrown by
storms as suggested by Núñez Jiménez (1982). Cabrera (2011)
classifies them as old ridges of early Holocene age, probably
correlated with the Flandrian Transgression. In large sectors, the
coastal ridges were removed and used as construction material.
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In the northeastern coast of Cuba, there are cliffs of low height,
forming small sectors, such as in the area between Naranjo bay
and Samá bay and to the east of the Yumurí River in Maisí,
occupying 14% of the coastal stretch. On the other hand, the
beaches extend along 123 km, representing 26%, whereas the
mangroves extend along 57 km, representing only 12%, in all
cases the outer coasts (Table 1). The behavior is different if the
inland coast is considered, due to the predominance of biogenic
processes and the mangrove present in the bays.
Table 1.Coastal types at the northeastern coast of Cuba.
Type of coast

Exposed to oceanic wave

Including bays

Terraces

211456 m

45 %

448215 m

32 %

Beaches

122979 m

26 %

142267 m

10 %

Rifts

64840 m

14 %

205632 m

15 %

Mangroves

57280 m

12 %

588370 m

42 %

Outlets

17270 m

3%

17270 m

1%

Total

473825 m

100 %

1402054 m

100 %
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irregularities, closing the river outlet giving rise to numerous
estuaries of barrier (tibaracón). Due to the large number, those
from the Baracoa city are the best known (Figure 2B). This
estuary has the peculiarity of being constituted by sediments
coming from sources both, terrigenous sand from the river flow
and organogenic sands from the marine bottom.
A distinctive feature of this littoral is the absence of cays and
bottom lows, except those inside some bays and another very
close to the coast, like Guincho, Burro, Bariay, Moa, del Medio
and the ones of Jaraguá in Baracoa. These last ones constitute,
according to Rodríguez (2008), the most eastern of the Cuban
archipelago and not Cayo del Medio as referred by Núñez
Jiménez (1984).
Another characteristic feature of this littoral is the presence
of emerging terraces, where six levels of emerged surfaces are
clearly observed (Figure 2C), being Maisí the most known for
their height and number. Here it is possible to count more than
15 levels of terraces up to 400 m of heights.

Although this littoral represents only 8.2% of the outer coast of
the island of Cuba, more than 60% of Cuban bays are located
there, including the biggest bays in the Cuban archipelago
(Nipe, Malagueta, Levisa, Chaparra-Puerto Padre and Tánamo
bays). They penetrate several kilometers inland, many with
narrow and sinuous channels, where strong currents associated
with the tides take place. In many of them, it is possible to
appreciate the paleo-channel river cutting the insular platform.
At the eastern half of the territory, there is a dense river network,
which has given rise to the development of some marshy areas,
such as those created by the Mayarí River in the interior of
the Nipe bay and a great number of coves, creeks and other
coastal irregularities. The accumulation of sand in many of these

The presence of marine terraces, more frequently emerged than
submerged, with tide notches worked in its base and frontal
area, constitute evidence of the Quaternary fluctuations of sea
level and of its importance in the configuration of the Cuban
archipelago and of this coastal sector in particular.
In the insular platform, the bottom descends in an abrupt way,
with terraces in the levels of 5 - 6 m, 10 - 12 m, 18 - 20 m, 26 35 m, then it stops to descend again until the 50 m, and finally
to descend until more than 200 m (Figure 3). Although the
traces of Holocene transgression are quite clearly observed on
Cuba’s marine platform, in all sectors it is not possible to clearly
appreciate the abrasive surfaces of the first, second, third and
fourth terraces, located at depths between 5 - 6 m, 10 - 12 m,
18 - 20 m and 26 - 35 m respectively, reaching a total of nine
levels of sea terraces (Ionin et al., 1977).

Figure 2. Coastal landforms. A: Coastal ridge on the low terrace; B: Barrier estuary (tibaracón) of Nibujón River; C: Emerged marine terraces in Baracoa.
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Figure 3. Scheme of characteristic profiles in the marine platform at the northeastern coast of Cuba. A: Coastal terraces (picture show sea terraces border), B: Coastal cliffs with
collapse of blocks, C: Coastal beach (picture show coral reef crest), D: Coastal mangroves with Rhizophora mangle trees.

In some beach sectors, reefs limit their depths in the inner
lagoon to lower depths of 6 m and then descend abruptly again.
The existence and dynamic stability of these beaches are linked
to the reefs, because those are the main source supply for their
sediments and the same time serve as protection for the effects
of the waves, particularly during the action of hurricanes and
tropical storms.

Additionally, this is the area of the northeastern coast of Cuba
with the smaller presence of coastal reefs and the biggest
narrowness of the insular platform. This results in the lack of large
areas of sediment production by marine organisms, particularly
calcareous algae, as in the rest of the Cuban archipelago.
Consequently, there are no large deposits of marine sand and
beaches are of small extension and width.

Figure 4 shows there is a significant increase in the beaches
constituted by terrigenous sands towards the eastern end of
the study region (Guantánamo Province). This is due to the
abundance of river currents to this part of the territory, which
during the rainy season carry large amounts of sediments,
favored by the mountainous condition of the relief and the
great rainfall that takes place there. Tropical hurricanes have a
considerable influence on the hydrological regime of these rivers
since they bring abundant and heavy rainfall, mainly between
the months of August to November.

3.2. Hydrodynamics
The northeastern coast of Cuba is characterized by being
exposed to the persistent action of waves (heights than 1.0
m) throughout the year. During the summer has predominant
directions from the I and II quadrants of the wind rose and
during the winter with directions of the I and IV quadrants.
These characteristics are determined by the wind regime (25
- 30 km/h) affecting the region and by the narrowness of its
platform, which rarely exceeds one nautical mile wide.
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Islands. This determines that the directions of incident waves
in the study area and, therefore, those that define the behavior
of the hydrodynamic regime in the northeastern coast of Cuba
are North, Northeast, East, Northwest, and Southeast. The rest
has no influence in the study area or their influence is very low,
therefore its time of action can be considered as calms time.

Figure 4. Distribution of terrigenous beaches by province.

Table 2 shows that the frequency of occurrence by direction
increases from Northwest to East: 4.93%, 9.82%, 18.19% and
29.28% for the Northwest, North, Northeast and East directions
respectively. The waves from the Southeast sector have 19.42%,
therefore, it can be stated that the waves of the I quadrant are
predominant.

Winds of the I and II quadrants of the wind rose, have a frequency
greater than 75%, mainly from the East (53.09%), Northeast
(9.75%), North (5.48%) and South East (8.94%). This is because
Cuba and the northeast coast are more notably affected, almost
all the year, by the Alisios winds, due to the nearly permanent
presence of the anticyclone of the North Atlantic over the Azores

However, the highest mean significant wave heights correspond
to the North and Northwest directions: 2.00 m and 1.99 m,
respectively (Table 3), which is related to the cold fronts and the
strong winds that accompany it. This shows that although there
is a predominance of the I quadrant waves of the wind rose,
those of the IV quadrant are more energetic and therefore have
a strong influence in the coastal processes.

Table 2. Annual frequency distribution of high and direction of waves in %, in the northeastern coast of Cuba.
Directions
Wave height (m)

IV quadrant

I quadrant

II quadrant

III quadrant

Total

NW

N

NE

E

SE

S

SW

W

Calm time

-

-

-

-

-

-

-

-

1.80

0-1

1.66

3.33

6.86

10.41

7.37

4.27

1.97

1.66

37.60

1-2

0.98

3.37

6.74

12.14

8.11

3.71

1.07

0.98

37.72

2-3

0.40

1.78

3.03

4.82

2.96

1.32

0.31

0.40

15.49

3-4

0.16

0.78

1.05

1.40

0.75

0.37

0.09

0.16

5.02

4-5

0.06

0.31

0.34

0.38

0.17

0.10

0.02

0.06

1.56

5-6

0.02

0.14

0.11

0.11

0.03

0.03

0.01

0.02

0.53

6-7

0.01

0.11

0.06

0.02

0.02

0.01

-

0.01

0.24

Total

4.93

9.82

18.19

29.28

19.42

9.81

3.47

3.29

100.0

Source: Based on data from the Global Waves Statistics (1960-2010).

Table 3. Mean height of the significant waves at northeastern coast of Cuba.
Directions
Northeastern coast

Wave height (m) by direction of incidence

Global

W

NW

N

NE

E

SE

S

SW

Average

1.75

1.99

2.00

1.92

1.73

1.43

1.33

1.35

1.69

Source: Based on data from the Global Waves Statistics (1960-2010).
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This explains the fact that sand retention rates are higher during
winter than during the summer, as reported by Rodríguez and
Córdova (2005b, 2010) during the work of the Estero Ciego
and Don Lino beach nourishment. For this reason, the cold
fronts have an important role in returning, each year, to their
origin positions the sands permanently transported in the West
direction. As the cold fronts are less frequent and intense
nowadays, the sands do not return to their origin sector during
the winter season, and that why rocky appear in the east sectors
of some beaches.
Although wave characteristics are similar for the north coast of
Cuba (Figure 5), the wave height is highest in the northeast coast
since it receives the direct action of the oceanic waves due to the
narrowing of the platform and by the wind regime, as discussed
previously. In the case of the south coast, the characteristics are
very different. Here the highest mean significant wave heights
correspond to the Northeast and East directions (Table 3): 2.06
m and 2.04 m, respectively, as determined by the wind and
wave patterns of the Caribbean Sea.
Due to the shoreline orientation and this wave regime, beaches
of the northeastern coast of Cuba shown an accumulative
process at the end of winter and at the begin of the spring.
Maximum accumulation appears in the month of April while
eroding happen beginning of autumn, with maximum values
in the months of September and October (Rodríguez, 1992;
Rodríguez and Córdova, 2005a, 2006, 2010).

cycles. The normal periods where deposition and erosion
processes predominate are irregular, although in general a
tendency to accumulate in summer and to erode in winter may
be observed (Juanes et al., 1984, 1985, Ramírez and Foyo,
1987; García, 2005; Sosa et al., 2005; Zúñiga, 2009).
The fact that beaches at the northeastern coast shown erosional
processes at the beginning of autumn (September and October) is
due to the increase in the frequency of the more energetic waves,
mainly during the action of extreme events (hurricanes and tropical
storms). These are mainly formed during summer and autumn
(June to November), with the seasonal change of the atmospheric
circulation, characterized by abundant and intense rainfalls, highspeed winds and coastal flooding. The waves produced by these
phenomena cause erosive escarp, which at certain times appear
in the berm and first dunes of the beaches.
The northeastern coast of Cuba presents semidiurnal mixed tides.
It has the singularity of registering the greatest tidal range of the
Cuban archipelago, with an average range higher than 0.50 m, but
maintaining the condition of micro-tidal tides (Figure 6).
These tides generate currents, which become strong at the
entrance of the bay, direction West-northwest during the tide
flow and East-southeast, during the tide reflux. In fact, tidal
currents may reach an average magnitude of 13.8 cm/s. Drift
currents also take place, with a West-northwest direction, due
to the high persistence of the Alisios winds of the Eastern sector
and the shoreline orientation and configuration.
3.3. Sediments
Rodríguez and Córdova (2006) reported that 78.8% of the
beaches at the northeastern coast of Cuba are constituted by
biogenic sands, 14.1% of terrigenous sand, and 7.1% of mixed
genesis sands (Figure 7). They used a sample of 99 beaches and
considered biogenic beaches those constituted by more than 70%
of elements coming from marine organisms. In their composition,
mollusks, foraminifera, corals and calcareous algae highlight.

Figure 5. Characteristics of the typical wave conditions on the Cuban coast.
Source: Based on data from the Global Waves Statistics (1960-2010).

However, the analysis of the morphodynamic behavior of the
beach profile, in several sectors at the North coast of Cuba,
shows that there is no defined trend of erosion and accumulation

This shoreline is characterized by the absence of oolitic sediments
(geochemical) as shown in Figure 7. The geological constitution
has a big influence on it, along with the geochemical processes
involved in its formation, the activity of marine organisms, and
other factors (temperature, wave conditions). The predominance
of volcanic rocks determines a poor contribution to the sea of
calcium carbonate (CaCO3), which together with the dynamic
activity of the coastal zone, permanently affected by oceanic
waves, and the strong slope on the marine platform, do not
create favorable conditions for their formation and deposition.
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Figure 6. Average tidal range in the Cuban archipelago and northeastern coast of Cuba. Source: Based on data from tide tables of the Republic of Cuba (2017).

The study of the genetic composition of 35 representative
beaches of this littoral indicates the predominance of mollusk
remains in the genetic composition, followed by fragments
of corals, foraminifera, and calcareous algae. The remains of
minerals appear in proportions not exceeding 10%, denoting
the predominance, almost absolute, of organic remains and the
marine genesis of their sediments.

remains of calcareous algae than the other beaches of the
Cuban archipelago taken as reference in this study.
This is due to the differences between the northeastern coast of
Cuba and other regions of the Cuban archipelago, in particular,
the small extent of the insular platform, which limits the presence
of large areas of sediments production by calcareous algae and
marine organisms in general. This confirms the importance of
the coral reef and the reef lagoon in the sediments formation
feeding the beaches of this littoral.
Scuba diving exploration in numerous beaches does not show the
formation of large sandbars that would evidence the presence
of abundant sediments in the submarine slope. Therefore, the
zone of production of sediments must be located between the
shoreline and the limits towards the sea of the coral reefs that
exist in front of the beaches. When surpassing the rift crests, the
depth increases abruptly and the sediments become scarcer,
being unable to cross the obstacle that constitutes the presence
of a compact crest of coral reefs (reef crest) and the gravity
force effects.

Figure 7. Genesis of the beach grain sand at northeastern coast of Cuba.

Figure 8 shows a comparative analysis of beaches of other
regions of the Cuban archipelago. It is possible to observe
that beaches at the northeastern coast of Cuba have a greater
amount of remains of mollusks and corals, and much less

Figure 9 shows the main characteristics at the northeastern
coast of Cuba. It shows the orientation of the shoreline,
the arrangement of the coral reefs, coastal processes and
characteristic profiles of the different coast types, among other
aspects.
Due to the predominance of coastal relief forms conditioned
by ascent movements in the northeastern coast of Cuba (Ionin
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Figure 8. Genetic composition of the biogenic beach sands at northeastern coast of Cuba and other beaches of
the Cuban archipelago (Ramírez and Álvarez, 1990; Garcia, 2005); Monitoreo Station of Caibarien (CESAM, 2009;
Zúñiga, 2009; Rodríguez et al., 2009).

Figura 9. Coastal types and coastal processes at the northeastern coast of Cuba. A: Coastal type and orientation of the coastline, B: Arrangement of the coral reefs, C: Coastal
processes and characteristic profile of different types of coast.
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et al., 1977; Nunez Jimenez, 1982), sea level rise could have
a lower impact in this littoral than in the rest of the Cuban
archipelago, particularly in cays and lowlands. Preliminary
studies on the impacts of climate change up to the year 2100
in Cuba anticipate a sea level rise between 0.27 and 0.85 m,
which will lead to the loss of 6% (6628 km2) of the surface area
(AMA, 2014).
Given the peculiarities found at the northeastern coast of Cuba,
the beach equilibrium profiles must have a behavior different
from those predicted by the theoretical models developed for
the continental coasts and applied to some sectors of the west
coast and center of Cuba. This is because beach equilibrium
profiles are determined by the hydrodynamic characteristics of the
coastal zone where they are located and the characteristics of the
sediments that compose it, including its genesis and grain size.

213

Cuban archipelago, and a much smaller quantity of remains
of calcareous algae.
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4. CONCLUSIONS
The northeastern coast of Cuba has a group of geomorphological,
hydrodynamic and sedimentary features that distinguishes it from
the rest of Cuba’s archipelago. The existence of these singular
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REDUCING SEA CLIFFS HAZARDS IN POCKET BEACHES THROUGH BEACH NOURISHMENT ON THE BARLAVENTO COAST
(ALGARVE, PORTUGAL)
Sebastião Braz Teixeira1
ABSTRACT: Tourism based on “sun and beach” is the main economic activity in the Algarve region. A considerable part of the beaches of the Barlavento coast corresponds to
embedded sand accumulated along the irregular lacework-like coastline of rocky cliffs cut into Miocene calcarenites. The pattern of touristic occupation in the Algarve and the
geodynamics of the rocky sea cliffs, characterized by discontinuous and intermittent occurrence of slope mass movements, result in a high level of risk to beach users along pocket
beaches. In order to mitigate the risk associated with the cliff geodynamics, artificial beach nourishment was performed in Castelo and Coelha pocket beaches on the Barlavento
Coast, in 2014, increasing the beach area by 3.5 times. The effects of the beach nourishment on the occupation patterns of those beaches along the 2006-2016 decade, before and
after the beach nourishment, are herein presented and discussed. Occupancy data were obtained covering different seasons along the year, by counting the number of beach users,
regardless of age, using periodic and systematic photographs taken at strategic points that provide full coverage of the beach areas. Before the beach nourishments the area of dry
sand outside high and moderate hazard zones, measured at half-tide under average summer wave conditions was 500 m2 at Coelha beach and 800 m2 at Castelo beach. After beach
nourishment the same area increased to 6700 m2 at Coelha beach and 7100 m2 at Castelo beach. Results show that, following the beach fill, beach occupation by recreational users
naturally shifted seaward, moving out from the cliff hazard areas. After the intervention, the occupation of high and moderate hazard areas reduced significantly, from 37 % to 11 %
in Castelo beach and from 59 % to 27 % in Coelha beach.
Keywords: beach nourishment; hazard; rocky cliffs; Algarve; Portugal.
RESUMO: O turismo de “sol e praia” constitui a principal actividade económica da região do Algarve. Parte considerável das praias da costa do Barlavento corresponde a praias
encaixadas acumuladas no traçado irregular da costa do Algarve, cortado em arribas de calcarenitos do Miocénico. O padrão da ocupação turística e a geodinâmica das arribas,
caracterizada pela ocorrência intermitente e descontínua de movimentos de massa, resulta num elevado nível de risco para os utentes daquelas praias. Com o intuito de mitigar
o risco associado à geodinâmica das arribas foi realizada alimentação artificial nas praias encaixadas do Castelo e da Coelha no Barlavento em 2014, aumentando o areal 3.5
vezes. Neste artigo são apresentados e discutidos os efeitos da operação de alimentação artificial na década de 2006-2016, antes e após o alargamento das praias. Os dados da
ocupação das praias foram recolhidos ao longo do ano, com contagens de utilizadores, independentemente da idade, utilizando fotografias tiradas em pontos estratégicos, cobrindo
a totalidade dos areais das praias. Antes da alimentação artificial, a área de areia seca fora das zonas de risco elevado e moderado, medida a meia-maré e perante condições de
agitação marítima de verão, era de 500 m2 na praia da Coelha e 800 m2 na praia do Castelo. Depois da alimentação artificial a mesma área aumentou para 6700 m2 na praia
da Coelha e para 7100 m2 na praia do Castelo. Os resultados mostram que, após a alimentação artificial, a ocupação do areal pelos utentes foi naturalmente transferida para
próximo da água, afastando-se das faixas de risco das arribas. Após a intervenção, a ocupação das faixas de risco elevado e moderado reduziu significativamente, de 37 % para
11 % na praia do Castelo e de 59 % para 27 % na praia da Coelha.
Palavras-chave: alimentação artificial de praia, perigo, arribas rochosas, Algarve, Portugal.
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1. INTRODUCTION
Tourism based on “sun and beach” is the main economic activity
in the Algarve region. With a wide geomorphological diversity
of beaches, the original success of Algarve Beach Tourism
is associated with the natural beauty of the small pocket
beaches, that occur along the recesses of the irregular yellow
cliffs. A considerable part of the beaches of the Barlavento
coast corresponds to embedded sand accumulated in the
irregular lacework-like coastline of rocky cliffs cut into Miocene
calcarenites. The pattern of touristic occupation in the Algarve
and the geodynamics of the rocky sea cliffs, characterized
by discontinuous and intermittent occurrence of slope mass
movements, result in a high level of risk to beach users. On
the 21st of August, 2009 an instantaneous topple on a sea
stack killed five Portuguese tourists and injured two more, that
were resting at the base of the cliff on the Maria Luísa beach,
near Olhos de Água (Figure 1). Since this accident, the coastal
management entity (currently the Portuguese Environment
Agency) has been reinforcing the hazard warning and information
signs, aiming to increase awareness and alert beach users of the
dangers arising from the geodynamics of the cliffs. A network
of warning signs, implanted in all the accesses to the beaches
supported by rocky cliffs was subsequently developed. The signs
are intended to inform users about hazard zones, which could
be affected by debris from mass movements and are therefore
potentially liable to cause serious damage to users who remain
in those areas (Teixeira, 2014).
Artificial beach nourishment, involving building up a beach with
sand dredged from another location, is a worldwide current
practice in coastal engineering, used for several purposes:
increase of recreational area for bathing (Vera Cruz, 1972;
Benavente et al., 2006); reducing coastal erosion, either on
dunes (Pinto et al., 2015, Pit et al., 2020) or cliffs (Teixeira,
2019, Bitan and Zviely, 2020); as a subproduct of port dredging
(Hanson et al., 2002, Gallien et al., 2015); as a measure of
sediment budget management (bypassing), especially in areas
with coastline changes associated with the construction of
jetties to access port structures (Marcomini, 2006); as a coastal
defence (Castelle et al., 2009, Psuty et al., 2009); as a measure
for improvement of the comfort of the users by altering the sand
grain size (Anthony et al., 2011). In Portugal beach nourishment
has increased significantly in the last decades and has evolved to
be the major contributor to a regional and national-scale coastal
protection strategy focused on coastal sediment management
(Pinto et al., 2020). In the present case, beach nourishment has

been used in the Barlavento Coast of Algarve with the objective
of mitigating the risk associated with the dynamics of rocky
cliffs (Teixeira, 2016). This intervention intended to reduce the
risk to beach users, by both minimizing the frequency of the
incidence of waves at the cliff base (geodynamic component)
and by promoting the use of the beach in a zone farthest from
the toe of the cliffs (anthropic component), and thus reducing
the exposure of users to danger.
In line with the regional objective of risk mitigation for beach
users associated with the natural geodynamics of the cliffs,
beach nourishment was carried out between August and
October 2014 on six pocket beaches of the Barlavento Coast:
Carvoeiro, Benagil, Nova, Cova Redonda, Castelo and Coelha
(Figure 1), resulting in the widening of the beaches between 30
m and 50 m. These interventions, promoted by the Portuguese
Environment Agency, had a total investment of 2M €. A total of
338000 m3 of coarse sand was dredged from an offshore site
(Figure 1) and subsequently deposited along the six beaches.
This paper describes the results of the 2014 nourishments
and evaluates to what extent the risk prevention objectives
associated with the natural geodynamics of the cliffs on the
beaches of Castelo and Coelha were met.
2. STUDY AREA
2.1 Climate and oceanographic regime
The Algarve region is located in the extreme southwest region of
Europe, with a typical Mediterranean climate, with dry summers
and mild rainy winters (Figure 2). Annual precipitation reaches
500-600 mm, 80 % of which is concentrated in the wet season
(October-March). The average annual number of rainy days does
not exceed 75 days and in the dry season (April to September),
there are no more than 18 rainy days on average (fig. 2). Between
May 15th and October 15th the average temperature exceeds 20º
C, reaching 25º C in the months of July and August (Figure 3).
Wave regime is moderate, with a mean annual significant wave
height of 1 m (Costa et al., 2001). Sea storms (Hs≥2.5 m) occur
almost exclusively during the autumn and winter months.
The wave regime on the south coast of Algarve is markedly
bimodal, with wave prevalence from W (52.3 %) and SW
(18.3 %). The E and SE waves represent about a quarter of
the occurrences (Costa et al., 2001) and are associated with
the eastern wind generated in the Strait of Gibraltar (Pires,
1989). This dissymmetry of the wave direction produces a
potential net longshore drift, from W to E. The tidal regime is
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Figure 1. Geographical location of the study area. a) Geomorphology of the coastal area of Barlavento Coast. Main cities (red circles); Alcantarilha meteorological station (blue circle);
Area of dredging site used for beach nourishment (blue).

semi-diurnal with a mean tidal amplitude of 2 m, reaching 3
m in spring tides and a maximum of 3.5 m in equinoctial tides.
According to data recorded in the Faro oceanographic buoy
(Figure 1), since 2001, by the Hydrographic Institute (available
at http://www.hidrografico.pt/boias-ondografo.php), during
the summer season the sea water temperature remains above
18º C, reaching values up to 24º C in August and September.
2.2 Geomorphological framework
The geomorphology of the Barlavento Coast is dominated by
yellow rocky cliffs, with heights varying between 6 m and 40 m,
cut in miocene calcarenites, intensely fractured and karsified.
Atop the Miocene calcarenites deposits there is a pliopleistocene layer of red clayey sands. The contrast in resistance
of the materials constituting the cliffs and the spatial diversity
of the karst cavities lead to a very irregular pattern of coastline
evolution. The resulting lacework-like pattern, profuse in stacks,
arches, caves and sinkholes, is in fact the brand image of the
Algarve coastline.
The irregular shape of the coastline facilitates the accumulation
of pocket beaches, with variable dimensions. The study area
corresponds to a small stretch of the Barlavento Coast, with an
extension of about 1 km that includes the beaches of Castelo

and Coelha (Figure 1). These beaches, individualized by natural
rocky headlands contain a thin sand cover accumulated over
intertidal cut shore platforms. Under storm conditions coincident
with spring tides, the swash sweeps the entire beach, reaching
the toe of the cliffs (Figure 3).
Castelo beach is a small pocket beach (Figure 3) with a sea
front of 150 m, and an average width of 20-25 m. Subvertical
sea cliffs that limit the beach rise 12-15 m above the sand.
Beach sediments are coarse sand D50 = 0.65 phi (0.73 mm),
with carbonate content of 30-50% (Teixeira, 2009). Coelha
beach is a small pocket beach (200 m long) that accumulated
in a recess of a hanging valley. The beach is supported by cliffs
with heights of about 18 m. The Coelha beach sand texture is
identical to the sand texture of the Castelo beach.
3. HAZARDS ASSOCIATED WITH ROCKY CLIFFS DYNAMICS
The cliffs of the Barlavento, cut in the Miocene calcarenites,
evolve through a discontinuous and intermittent sequence of
slope mass movements. Movements occur in multiple forms,
from the big movements associated with the collapse of karstic
cavities (that can displace tens of thousands of cubic meters) to
the simple detachment of small decimetric blocks. On average,
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Figure 2. Annual distribution of precipitation and temperature in the 2006-2016 decade. Data from the Alcantarilha station (location on fig.1), available from
http://www.drapalg.min-agricultura.pt.

Figure 3. Castelo and Coelha beaches under storm conditions at high spring tide (7 Apr 2008, upper panel), under average summer wave conditions at half-tide before beach
nourishment (7 Aug 2012, central panel) and under average summer wave conditions at half-tide before beach nourishment (7 Aug 2012, central panel) and under average summer
wave conditions at half-tide after beach nourishment (17 Jun 2016, lower panel). Photos by the author.
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0.2 % of the 46 km of coastal front of Miocene cliffs is affected
annually by mass movements (Marques, 1994, 1997; Teixeira,
2003, 2006, 2014). In the last two decades, in the study
area, 13 mass movements with a width greater than 1 m were
recorded (Figure 4A), displacing a volume of about 24000 m3
and altering the sea front along an extension of 165 m. The
largest movement occurred on March 22nd, 1998, East of Coelha
beach, which resulted in the death of a fisherman. This mass
movement involved a maximum instantaneous retreat of the cliff
of 24 m, with the mobilization of 20000 m3 (Figure 3A). Maximum
slope mass movement on a beach, occurred on Coelha beach
on February 1998, with the mobilization of 1200 m3 (fig. 4B).

a hazard table – the probability of occurrence as a function of
the distance from the cliff toe. The results obtained from that
analysis show that, in the event of a mass movement, a beach user
resting on the sand at a distance greater than 0.86 times the cliff
height reduces by 50 % the probability of being hit by the debris
generated by the cliff failure. This probability rises up to 95 % if
the distance from the cliff base reaches 1.5 times the cliff height.
Based on these results, the Portuguese Environment Agency has
developed hazard cartography for all beaches supported by rocky
cliffs in the Algarve, and the information is provided on panels
placed along all beaches access points (available on http://www.
apambiente.pt).

The natural geodynamics of the cliffs and the model of tourist
occupation of the Barlavento Coast determine the existence of
danger for beach users. The study area is under the regulations of
coastal management plans that include a hazard area on beaches
backed by sea-cliff extending seaward from the cliff toe. These
hazard areas are defined by a width 1.5 times the cliff height and
correspond to the maximum expected extent of cliff failures debris.
Based on the analysis of more than a hundred mass movements
recorded between 1995 and 2014, Teixeira (2014) established

Figure 5 reproduces the cartography resulting from this information
on Castelo and Coelha beaches. Two hazard bands are identified:
the red band (high hazard) corresponds to the area where, in the
event of collapse, the probability of being hit by the rock debris
is greater than 50 %. The yellow band (moderate hazard) covers
the area where the probability of being struck by the debris is less
than 50 %. In the remaining area of the
 beach not covered by
the two ranges the probability of being hit by debris of any mass
movement is less than 5 % (low hazard).

Figure 4. A: Recorded mass movements of the study area over 20 years (1996-2016), ortophoto 2008 (Direção Geral do Território); B - Mass movement
occurred on Coelha beach in February 1998 that displaced a rock volume of 1200 m3 (photo by the author).
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Figure 5. Sea cliff hazard signs of Castelo and Coelha beaches. Available at http://www.apambiente.pt/index.php?ref=16&subref=7&sub2ref=10&sub3ref=923.
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4. BEACH NOURISHMENT
Beach nourishment of Castelo and Coelha beaches took place
in September 2014 through the deposition of 120000 m3 of
sand, spread between Castelo (45000 m3) and Coelha (75000
m3) beaches, corresponding to a density of fill of 300 m3/m
of linear length of the beach. The borrow area for the beach
nourishment was an offshore deposit located at 20-25 m water
depth (fig.1). The offshore sediments corresponded to coarse
sand (D50 = 0.0 phi; 1 mm), with a mean carbonate content of
25 %, coarser than the native sands of the nourished beaches.
Beach nourishment consisted on the deposition of sand
directly on the subaerial zone, because it allowed for the use
of the beach immediately after the intervention. This project
option inevitably entails losses resulting from the subsequent
adjustment of the beach profile (Van de Graaff et al., 1991). The
experience obtained from previous beach nourishments of the
subaerial zone in the Algarve shows that in the first winter after
the deposition, the beach profile loses on average 25 % of the
initial width after completion of the work (Teixeira, 2011, 2016).
Therefore projects usually consider overfeeding in the subaerial
zone of the beach.
5. METHODS
5.1 Occupation of beaches
The assessment of the occupation of the two studied beaches
was made through systematic counts of the number of users
present in the beach, regardless of the age group. For this
purpose, large series of photographs taken with a digital
camera, were obtained from locations that allow for the full

221

coverage of the beach and with sufficient definition to allow
for the counting of all the people present in the beach sand
or associated water plan, including bathers. In addition to the
photographs taken at strategic points on land, the photographs
obtained from coastal monitoring surveys were also used, both
the oblique aerial photos obtained on board aircraft and the
photos obtained on board of a vessel.
The photographic record spans over a decade, between 2006
and 2016, and distributed throughout the year, covering the
time interval between 8:00 AM and 8:00 PM. The two studied
beaches have a longitudinal orientation, being limited by rocky
headlands and with a direction close to W-E, a framework that
implies the existence of shade in the sand in the early hours of the
day and in the late afternoon. These circumstances, combined
with the usual pattern of bathing hours by beach users, causes
beach use to be mainly concentrated between 10:30 AM and
6:30 PM in the semester between May and October. Thus, in
order to standardize the information for both periods, before
and after the beach nourishment, the photographs obtained on
weekdays between 10:30 AM and 6:30 PM between May and
October were used, and in the remaining months, photographs
were obtained in the interval between two hours after sunrise
and two hours before sunset. This set of information totalized
421 observations (Table I).
To assess the number of persons within the hazard areas, the
official hazard bands were overlayed on the photographs. The
top of the cliffs have an almost linear planimetric contour
and show small change in relief, therefore the hazard zones
correspond to bands approximately parallel to the toe of the
cliffs. The delineation of the hazard bands on the photographs
was made assuming this linear pattern, taking as auxiliary
references specific points to delimit the boundaries of the

Table 1. Beach occupation data (p – persons).

2006-2014
Before beach
nourishment

2014-2016
After
beach
nourishment

Castelo beach

Coelha beach

Nº observations

100

79

Average annual occupation

24 p

28 p

116 p

131 p

(2 August 2006; 15h00m)

(3 Aug 2011; 12h00m)

Nº observations

118

114

Average annual occupation

40 p

48 p

252 p

295 p

(18 August 2015; 11h45m)

(28 Aug 2015; 17h00m)

Maximum observed occupancy

Maximum observed occupancy
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bands, used systematically in all the observations. In each
photograph analyzed, the total number of users, divided into
three groups according to their location in relation to the
hazard bands of the cliffs was counted: the group that occupies
the maximum hazard band (red hazard area), the group that
occupies the moderate hazard band (yellow hazard area) and
the group occupying the area outside the previous bands (blue
hazard area). The number of persons counted includes all age
groups, including children.
5.2 Topographic surveys
The systematic photographic records were complemented
by topographic surveys carried out with GNSS equipment at
the scale of 1: 2000, before (July 2014), immediately after
(September 2014) and one year after the beach nourishment
(July 2015) on both beaches. Based on the topographic surveys
the beach area was calculated and the space available for the
users (dry sand) was evaluated, under average summer wave
conditions (Hs = 0.5 m), and in average low tide, average
half-tide and average high tide situations. Using the equations
developed by Teixeira (2009) for wave run-up on beaches of the
south coast of the Algarve, it is verified that in both beaches, that
have very similar slopes, wave run-up reaches approximately 1
m above the water plane under summer wave conditions. Based
on these results, the seaward limit of the dry sand area was set
at: 0 m (MSL-Mean Sea Level) contour for the mean low tide

situation, +1 m (MSL) for the mid-tide situation, and 2 m (MSL)
for the average high tide situation. Beach areas were calculated
between the contours of 1, 2 and 3 m (MSL) and the cliff toe.
This information was then compared with the cartography of
the hazard bands, considering, in addition to the high hazard
band (red) and moderate hazard (yellow), a third hazard band
(blue) containing the remaining beach area outside the first two
hazard zones. This third hazard zone (low - blue) is the area of
the beach where, in the event of mass movement of the cliffs,
the probability of being reached by the debris is less than 5 %
(Teixeira, 2014).
6. RESULTS AND DISCUSSION
6.1 Beach nourishment
Beach nourishment of the Castelo and Coelha beaches provided
a very significant increase in the dry beach area available for
beach users (fig.6). The beach area above the MSL increased
about 3.5 times on both beaches. One year after nourishment,
Castelo beach lost 15 % and Coelha beach lost 22% of the sand
initially deposited. These values are in agreement with records
and reports from other artificial nourishments in the subaerial
zone in the Algarve region and that reach up to 25 % initial
losses (Teixeira, 2011, 2016).

Figure 6. Dry beach area (m2), before beach nourishment (left panel), after beach nourishment (central panel) and one year after beach nourishment (right panel), depending on the
state of the tide, under average summer wave conditions: average low tide, half- tide and average high tide. Dry beach areas (m2) on the high hazard zone (red), moderate hazard
zone (yellow) and low hazard zone (blue).
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The results show that most of the dry beach was included in the
maximum and moderate hazard areas before beach nourishment,
due to the small width of the original beaches (Fig. 6), indicating
that their users were only safeguarded from this danger when
bathing. In Coelha beach the area available to users in the low
hazard area was always very small, not exceeding 830 m2 during
low tide. After beach nourishment, the dry beach area in the low
hazard area was 8900 m2, decreasing to 4800 m2 one year after
the works. At Castelo beach the low hazard area was 1600 m2
before the beach nourishment, increased to 8600 m2 after the
intervention and remained at 6800 m2 one year later. Results are
more expressive in average high tide conditions. In Coelha beach
the area available in the low hazard area was 430 m2, increased
to 4500 m2 after the intervention and remained at 2150 m2 one
year after the intervention. In Castelo beach, these values were,
respectively 580 m2, 5200 m2 and 4300 m2. These figures show
that the beach area outside the high and moderate hazard areas
increased very significantly on both beaches.
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6.2 Beach occupation
As expected, the pattern of occupation on the two beaches
presents a strong seasonal component, accompanying the
annual variation of temperature and tourist activity. The peak
of occupancy on both beaches is concentrated in the month
of August which is the month of greatest tourist demand in the
region (Figure 7).
The results of the annual distribution of occupation in the two
beaches (Figure 7) show that in the period after the beach
nourishment, there was a very significant increase in the
demand for the beach in the period between May and October.
On average, the annual increase in occupancy was 68 % in
Castelo beach and 69 % in Coelha beach. These figures can
only be attributed to the increase of the available beach area
on both beaches.
There were no alterations made to the accesses or car parking
that could have increased the demand on both beaches.

Figure 7. Annual beach occupancy data between the decade 2006 and 2016, before (2006-2014) and after (2014-2016) beach nourishment. Daily (left panel) and monthly average
(right panel) beach occupation.
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Therefore, the most plausible reason for the measured increase
in the use of these beaches should be associated with a change
in the behavior of the nearest resorts’ guests, who usually did
not use the beach. The enlarged beaches, located a short
distance from the tourist accommodations, must have been
strong enough reasons to attract these guests.
6.3 Hazard areas occupation
Figure 8 summarizes the annual distribution (with monthly average
values) of the occupation of the three hazard areas (high-red,
moderate-yellow and low-blue) in the periods before and after the
beach nourishment on Castelo and Coelha beaches.
At Castelo beach, the change in the pattern of occupancy of
the hazard areas is noticeable, with a very significant decrease
in the occupation of high and moderate hazard areas (fig. 8).
The annual average was 37 % of users located in those areas
in the period before beach nourishment, reducing to 11 % after
the nourishment project. This result should be attributed to
the increase in available dry beach and consequent relocation
of the users from the toe of the cliffs towards the water plan.

Despite the increase in beach area, there are still users with risk
behavior. On average, 5 % of users remain in the high hazard
area (red band) and 6 % use the moderate hazard area (yellow
band). The occupation of the high hazard area reduced to 40 %
of the occupancy registered before the nourishment. Likewise,
at Coelha beach there is a change in the behavior of its users,
with the relocation of the occupation towards the water plan
and consequent withdrawal from the toe of the cliffs. Before the
intervention on this beach, 59 % of its users remained in the high
and moderate hazard zones (43 % in the red area and 17 % in
the yellow area). After the nourishment, this percentage reduced
significantly to 27 % (14% in the red area and 13 % in the yellow
area). The occupation of the high hazard area reduced to 56 %
of the occupation registered before beach nourishment.
These results are similar to those obtained by Teixeira (2016),
who analyzed the effects of beach nourishment performed on two
other pocket beaches, Nova and Cova Redonda (fig. 1), part of the
same project. After the intervention, the occupation of high and
moderate hazard areas reduced very significantly, from 92 % to
17 % in Nova beach and from 44 % to 12 % in the Cova Redonda

Figure 8. Monthly average beach occupation distributed by high (red), moderate (yellow) and low (blue) hazard areas, before (left panel) and after (right panel) beach nourishment.
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beach. This reduction contrasts with the low 2 % reduction of the
occupation of hazard areas on the pocket beach of Senhora da
Rocha which was not nourished but instead was subject to an
increase in hazard warning signs performed in the same year of
the beach nourishment project (Teixeira, 2016).

Bitan, M., Zviely, D. (2020) - Sand Beach Nourishment: Experience
from the Mediterranean Coast of Israel. J. Mar. Sci. Eng., 8: 273.
http://dx.doi:10.3390/jmse8040273

7. CONCLUSIONS

Costa, M., Silva, R., Vitorino, J. (2001) - Contributon to the study
of the wave climate on the Portuguese coast. In: Com. 2ª Jornadas
Portuguesas de Engenharia Costeira e Portuária. Associação Nacional
de Navegação. Sines. CD-ROM, 20p (in Portuguese).

In order to mitigate the risk associated with cliff geodynamics,
artificial beach nourishment was performed in Castelo and
Coelha beaches. Results show that the reaction of users to
the beach nourishment and the resulting increase of the dry
beach area, was their natural relocation towards the water plan,
moving out from the cliff hazard areas. After the intervention,
the occupation of high and moderate hazard areas reduced very
significantly, from 37 % to 11 % in the Castelo beach and from
59 % to 27 % in the Coelha beach. This study shows that beach
nourishment is an effective measure to reduce the risk to users
of pocket beaches backed by rocky cliffs, and in the case of
Algarve, is an appropriate hazard management tool.
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IT’S NOT ONLY THE SEA: A HISTORY OF HUMAN INTERVENTION IN THE BEACH-DUNE
ECOSYSTEM OF COSTA DA CAPARICA (PORTUGAL)
Monique Palma@ 1, João Alveirinho Dias2, Joana Gaspar Freitas3
ABSTRACT: Costa da Caparica, located south of Lisbon, has been since the 1960s the favourite beach of the population of the Portuguese capital. The bridge over the Tagus river
(1966), connecting the two margins, has facilitated the access to that wide beach of sand and dunes. Due to its natural features and proximity to Lisbon, Caparica become a highly
populated area, where different social and economic activities compete for the use of the available space, increasing pressure upon the local ecosystems. The situation is even more
problematic, because that littoral has been deeply affected by coastal erosion from the 1950s onwards. Authorities have been dealing with the issue using groynes and artificial
beach nourishments. Since 2015, the Municipality of Almada is investing in the rehabilitation of the dunes of the beach of S. João, placing fences to retain the sand and planting
vegetation. This programme is particularly interesting from a coastal management history point of view, because these dunes have been the object of many interventions with different
purposes, but what was done and why is not very well known. The aim of this article is therefore to present the results of a historical research about human intervention in Costa
da Caparica and, particularly at S. João beach, starting in the 19th century, with the first dunes’ survey, the afforestation experiences and the construction of a drainage system.
This paper offers a long-term perspective on the socio-evolution of these hybrid environments. Results and discussion show how dunes were trimmed by the works carried out and
the reasons that laid beneath these. Revealing the ideas and values, the social, economic and political pressures, that across the years and within the same time period, shaped
management strategies and landscapes.
Keywords: Environmental History; Dunes Rehabilitation; Afforestation; Wetlands; Coastal Erosion.
RESUMO: A Costa da Caparica, a sul de Lisboa, é desde os anos 60, a praia favorita dos habitantes da capital portuguesa. A ponte sobre o Rio Tejo (1966), que une as duas
margens, tornou fácil e rápido o acesso àquela extensa praia de areia e dunas. As suas características naturais e a proximidade de Lisboa transformaram a Caparica numa zona
densamente ocupada, onde diferentes actividades sociais e económicas competem pelo espaço, fazendo grande pressão sobre os ecossistemas locais. A situação é ainda mais
complexa, porque este litoral tem sido muito afectado pela erosão costeira desde a década de 1950. As autoridades têm procurado resolver o problema utilizando esporões e
recorrendo à alimentação artificial das praias. Desde 2015, a Câmara Municipal de Almada tem investido na reabilitação das dunas da praia de S. João, colocando paliçadas para
reter a areia e plantando vegetação. Esta estratégia é particularmente interessante do ponto de vista da história da gestão costeira, uma vez que estas dunas têm sido sujeitas,
desde há muito, a diferentes intervenções, mas o que foi feito e porquê não é muito conhecido. O objectivo deste trabalho é então apresentar os resultados de uma investigação
histórica sobre as intervenções nas dunas da Costa da Caparica e na praia de S. João, desde o século XIX, começando pelas primeiras avaliações dos problemas existentes, as
experiências de florestação e a construção do sistema de drenagem. Este artigo oferece uma perspectiva da evolução destes sistemas híbridos, a longo prazo. Os resultados e
discussão mostram como as dunas foram moldadas pelos trabalhos realizados e as razões que os determinaram, revelando como diferentes formas de pensar, ao longo dos anos
e num mesmo período, definem e marcam as estratégias de gestão e as paisagens.
Palavras-chave: História Ambiental; Reabilitação de Dunas; Florestação; Zonas húmidas; Erosão Costeira.
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1. INTRODUCTION
In 1953, the newspaper Praia do Sol (1953-02-15) published
an article about the sand dunes of Costa da Caparica. The
purpose was to reassure the readers that the beach was not at
danger, since everything had been taken care by the authorities.
The article tells the story of Manuel Matias: a negative man, too
cautious and nit-picking. A fellow that had the perfect job for
him: he owned an insurance company. One day his friends met
him at Costa da Caparica, Matias was paying special attention to
a building, so they thought he was working on a new insurance.
But, Matias was trying to understand how such big hotel could
stand on the sand without falling apart. The insurance man was
looking for a place to build his own home, but he was afraid. He
feared the sea! For the others, his apprehension was foolish. The
Forestry Services had built an artificial dune in 1953, a sand

barrier against the sea to protect the infrastructures, so the area
was perfectly safe. The dune established the limit between the
daring ocean and the human domains. There was no reason
for concern. Matias’ friends had faith in the solution: dune
afforestation and the drainage ditch had solved the old local
problems. However, as time would show, they were wrong.
This story offers the perfect set to introduce the case of the
dunes of Costa da Caparica (Figure 1). In the 20th century, the
30 km-long coastline broadly called Costa da Caparica was, for
economical and leisure purposes, administratively divided in
more than 20 small beaches, each one having its own name.
Their limits and designations changed over the years. S. João,
the one on which this article focuses, only acquire such label
in 1960 (Praia do Sol, 1960-12-01), before that it has called
Lisboa-Praia and Praia da FNAT or mentioned under the general
name of Costa da Caparica.

Figure 1. Location of Costa da Caparica, in the Portuguese western coast (Adapted from GoogleMaps).
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In 2014, the dune system of S. João suffered a significant
retreat - about 20 m - during a winter storm (Soares, 2014).
Given the relevance of dunes as barriers against the ocean,
the Municipality of Almada made a request to the Portuguese
Environment Agency to activate the local rehabilitation program.
ReDuna project, created in this context, aims to recover the
ecological functions of the dunes, with the installation of fences
and vegetation, to increase their capacity to retain sediments
(Figure 2). This program also includes the setting of boardwalks
to reduce trampling and information signs to explain the
measures implemented (Câmara Municipal de Almada, 2015).
ReDuna is very interesting from an environmental history and
coastal management point of views, because these dunes have
been the object of many concerns and interventions in the past,
but not much is known about them and there are no long-term
studies on the issue. This paper tries to fill that gap.
In the last decades, many scientific works were produced about
Costa da Caparica and S. João beach, specially from the middle
of the 20th century onwards (e.g. FEUP/IHRH, 2000, 2001, 2003;
Veloso-Gomes et al., 2006, 2007; Diogo et al., 2013; Neves et
al., 2013; Pinto et al., 2015, 2013, 2007; Rato, 2017). Since
this literature is well-known by those working in coastal issues,
and this paper focuses in a previous time period, only some of
the works are highlighted. For instance, Rato (2017), focused
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on the monitoring of the seasonal morphological changes of the
frontal dune, between 2015 and 2016, analyzing the evolution
of the rehabilitation project. She has concluded that, during
the 21 months of the evaluation, a new primary frontal dune
was formed and there was a sedimentary budget increase of
5000 m3. Neves et al. (2013) discussed a methodology for
the evaluation of the risk level associated with the action of
the waves at the foreshore of S. João da Caparica. This is an
important issue since, between 1999-2007, this coastline has
suffered a retreat of 26 m (3.3 m/year). In the same period,
between Cova do Vapor and S. João da Caparica, 27000 m2
of dune area were lost (Pinto et al. 2007). In the winter of
2006-2007, the dunes were severely affected and the camping
parks nearby almost flooded by the sea (Veloso-Gomes et al.,
2007). Pinto et al. (2007, 2013) studied the evolution of the
coast, stressing the risks upon it and proposing measures for
the future. The authors also organized a chronology of major
events related to storms, retreat/accretion episodes and
hard engineering protection structures, since the 19th century.
Earlier, Freire (1986) had analyzed the evolution of Costa da
Caparica’s morphology using the cartography available since
the 16th century. Her study emphasized human intervention
and its effects, listing the relevant events connected to the
transformation of this landscape since the 19th century. Freire
(1986) mentioned the dune afforestation, the drainage of the

Figure 2. Location of S. João da Caparica Beach and the dunes under ReDuna project (Source: Rato, 2017).
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wetlands and the changes made in land use that turned this
almost empty beach into a busy seaside resort. However, her
references to interventions on dunes and wetlands were quite
superficial. Meanwhile, this coast has also been addressed,
from a different perspective, by authors interested in the
fishing communities (Pereira et al., 2015; Martins, 2000), its
history and local heritage (Sousa, 2003) and the urban growth
(Oliveira, 2015; Câmara Municipal de Almada, 2008; Correia,
1976), which is deeply connected with the development of
Costa da Caparica as touristic place (Carvalho e Pacheco, 2010;
Arcos, 1974; Ramalho, 1934). Yet this literature, beside some
scattered references (e.g. Sousa, 2003; Ortigão, 1876), does
not say much about the dunes.
The purpose of this paper is to present the results of a historical
research on the dunes of Costa da Caparica, especially the
ones from S. João. These dunes have put many management
challenges since the 19th century, when the shifting sands were
perceived as an annoyance and a trouble that had to be solved.
Afforestation and the drainage of the wetlands associated to
these sands were the solutions found at the time. These works
had effects that are important to understand the development
of Costa da Caparica as a seaside resort. A critical historical
analysis is not a collection of dates, people and events. It
aims to disentangle the intertwined strands of beliefs, powers,
tensions, continuities, fractures and flows that make meanings
and define actions within society. This article, covering a period
from 19th to the 21st century, wants to shed a light on those
issues, making experts, coastal managers and the general
public to understand that landscapes are constructions that
depend on many key-factors. Perceptions, ideas and policies
are modeling agents of dunes as much as the wind, the ocean
and the sand. Considering the uses given and the strategies for
the dunes, this paper addresses the following issues: 1) the
origins and evolution of settlement in Costa da Caparica; 2) the
sands and wetlands as a problem, afforestation and drainage
as the solution; 3) the shaping of ecosystems and communities:
challenges of managing hybrid coasts.
2. MATERIALS AND METHODS
Much is known about Costa da Caparica. There are many scientific
works about this subject, as mentioned above. What is less
noted are the ideas and powers that, embedded in the political,
economic, social and institutional structures, determined the
guidelines for human intervention in that area and on the

dunes. This paper is based in a research that offers a more
complete and multifaceted perspective about that stretch of the
Portuguese coast, by critically analyzing a documental corpus
that holds for a plurality of actors, institutions, discourses and
interests setting the dunes’ agenda. This corpus is composed of
monographies, newspapers articles, legal documents, technical
reports, urbanization plans and cartography. These have been
collected in several institutions, such as Portugal National
Library, the Historical Archive of Almada, the Historical Archive
of Economy, the Archive of the Institute for the Conservation of
Nature and Forests and the personal archive of the Forestier
José Neiva Vieira. Following the historical method of document
analysis, all the data was carefully checked for its accuracy,
being placed in time and place of its production and interpreted
according to the context that let to its creation. The information
was crossed with other literature to build an interdisciplinary
long-term approach to the dunes of Caparica.
3. RESULTS AND DISCUSSION
3.1. The case-study area
Costa da Caparica, understood as the oceanic coast immediately
south of the mouth of the Tagus River, is a dynamic complex
area. The sediments existing here came originally from the Tagus,
which over time has been constituting an extensive underwater
delta. On the Portuguese West coast, the dominant offshore wave
comes from the Northwest quadrant, which induces a littoral
drift yearly resultant from North to South. However, in practically
all river mouths there is a reversal of the direction of the littoral
drift, which is directed North. The consequence is the growth of
sandspits rooted to the South. In Costa da Caparica something
similar has occurred. Here, the dominant wave of Northwest is
diffracted in Cape Raso, to the North, which causes the rotation
of the incident wave that hits the coast to the South (Costa da
Caparica) with the attack angle directed to the North, being this
the local direction of the littoral drift. This rotation is amplified by
refraction in the Tagus submarine delta. On the coast between
the mouth of the Tagus River and Cape Espichel the littoral drift
is running North, in the Northern part, and South, in the Southern
one. The drift reversal zone is located roughly in the vicinity of the
Lagoa de Albufeira, although it depends on the direction of the
offshore dominant wave. If this one is more oriented to the North,
the drift inversion zone is more to the South; if it is more turned
to the West, this inversion is more to the North. During Southwest
storms, the littoral drift in the whole sector is to the North.
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These conditions provided an accumulation of sediment in the
Northern sector, that lead to the formation of wider beaches
defended by the groins, whose finer sands, transported by
the wind, created a vast dune field, limited to the East by
the fossil cliff of Costa da Caparica. The alluded sedimentary
accumulation also induced the growth of a sandspit that
extended greatly into the mouth of the Tagus River. Between
late-16th and mid-17th century, a defense tower – the Fortress of
São Lourenço do Bugio - was built there (Figure 3). This sandspit,
rooted in Costa da Caparica, always had a high morphological
dynamism, depending on the amount of the sedimentary supply,
the frequency and intensity of the storms and the occurrence of
floods in the Tagus. Sometimes, it was possible to walk on foot
to the Fortress of S. Lourenço do Bugio; other times parts of the
sandspit were submerged, as it happens nowadays.
Throughout the 20 century, a cascade of dams was built along
the Tagus River basin, which resulted in the regularization of
the water flow, with a strong reduction in flood intensity. As
such, there was a diminishing of the river sediment transport
and, with the drastic reduction of flood peaks, the episodes of
sand transfer from the estuarine domain to the adjacent ocean
were also strongly diminished. At the same time, in order to
th
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improve port activities in the Tagus estuary, large dredging
operations began to take place periodically, inclusively in the
sandspit area. This way, the sand volume that used to reach
Costa da Caparica was drastically reduced and this coast began
to be affected by erosion. The sandspit itself was progressively
weakening and migrating to the East, being now more than 3
km inland compared to its position at the beginning of the 20th
century. Nowadays, the vast dune field that existed here once
is quite reduced: the frontal part was eroded and most of it
was afforested and occupied by urban equipments. The only
remaining dunes are in a Southern narrow space and to the
North in the rooting area of the sandspit.
3.2. From an empty territory to an idyllic seaside resort
The territory now under the administration of the Municipality
of Almada has very old historical roots. This article, however,
focuses on recent times and in a particular sector of this region:
the seashore now known as Costa da Caparica. The parish of
Nossa Senhora do Monte da Caparica, in the 18th century,
covered a triangular area running from Cacilhas to Trafaria in
the North, the ocean coast in the West until Poço do Mouro
(near Fonte da Telha) and, to the South and East, up to the

Figure 3. Map of the port of Lisbon and Tagus River mouth, by W. Burgis, in 1765 (Adapted from Silva, 1893. Source: Biblioteca Nacional de Portugal).
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limits of the parishes of Sesimbra and Almada (Figures 1 and
2). It was formed by five main villages (Fonte Santa, Murfacem,
Pêra Ribeiro, Funchal and Sobreda), hamlets and farmlands,
located predominantly in the Northern and central part of the
parish, in the highlands of the fossil cliff platform. The vineyards
were the main farming activity. There were also six riverine ports:
Banática, Porto Brandão, Paulina, Portinho da Costa, Portinho
de Buxos e Trafaria. On the lowlands of the seacoast, at the base
of the cliff, there was nothing but a sandy area and the beach
called Costa (Memórias Paroquiais, 1758) (Figure 4).
This was an empty territory, as Corbin (1990) defined it to
other European maritime coasts. It was only used by the fishing
communities that travelled along the littoral. Fishers from Ílhavo
and Algarve were the first to colonize the seashore of Caparica
(Ferreira, 1936). They roam along the coast looking for beaches
with suitable features for xávega (Madureira e Amorim, 2001),
a fishing art, based in bottom trawling, in which the nets are
pulled and gathered at the beach, that requires sandy coasts
with no rocks and a broad open space for maneuvering (Pereira
et al., 2015). In the summer, the fishermen lived at the shore
and at the end of the season they moved out, returning to
their original places, to work in sheltered waters or to find a
job inland (Freitas et al., 2018). Most historical sources put
them in Costa da Caparica, forming the village with the same
name, around 1770 (Brochura de divulgação, 2019[1930]).
But, a transcript from the Archive of Almada (Depoimentos de
testemunhas, 2019) shows that, in 1761, there was already
a thriving community living at the beach. The document also
reveals that this population was quite diverse, as there were
fishers, grocers, rural workers and tavern keepers amongst it.
There are many examples along the Portuguese coast of the
co-existence of temporary settlements on the shore with inland
villages, like Furadouro/Ovar, Palheiros de Mira/Mira, Costa de
Lavos/Lavos and Praia da Vieira/Vieira, showing that these were
clearly different territories, but interconnected communities
(Freitas, 2016, 2010). This must have been the case of Costa
da Caparica and other interior villages of Caparica. In common
also the fact that these coastal communities lived in houses
perfectly suited to their sandy environment: the palheiros were
simple wooden huts, easy to build and, moveable according to
coastline changes (Figure 5). If the sea got too close or the dunes
threaten to cover them, they could be transferred to a safer area
(Peixoto, 1899; Oliveira e Galhano, 1964). Something that was
still being done in Cova do Vapor, in the 1960s (Oliveira, 2015).

In the 19th century, when population growth and the development
of fish canning industries increased the demand for fish,
bringing more stability to the activity, the fishing communities
become more sedentary. In 1885-1886, there were 68 boats
and 780 fishermen at Costa da Caparica (Silva, 1991 [1892]).
Their families still lived in palheiros, but since part of them had
been destroyed by fires, they were slowly being replaced by
regular houses (Diário do Governo, 1885-07-15; Brochura de
Divulgação, 2019). In the 1920s, some were rented to bathers
during the summer (Ortigão, 1876). Transport development,
by boat, connecting Belém (Lisbon) to Trafaria and, by road,
linking Trafaria to Costa da Caparica, contributed to increase
the number of houses in that beach (Duarte e Lamas, 1978).
The newcomers constructed their own homes next to the already
build area (Brochura de divulgação, 2019). Population varied
according to the seasons: in August 1944, there were around
5000 people; in February 1945, only 1800. This means that
in the summer there was a significant growth of the ones living
there (Gröer, 2004-2005 [1946]). In the 1930 and 1940s,
urbanization plans were made for the area, under the 1934
Law, on the General Plans of Urbanization, that stipulated the
need for the municipalities to rearrange and requalify the urban
structures of the towns with potential as leisure and touristic
destinations. Many seaside places had their first urbanization
plans drawn then. The projects for Costa da Caparica intended
to transform the fishing village into a touristic and leisure centre,
to properly install the growing number of people arriving each
year. But, as in most places, these plans were only partially put
into practice (Lobo, 1993).
The natural characteristics of this coast made it an excellent
location for sea and sun bathing. The place was famous for its
therapeutic benefits. The local newspaper, Praia do Sol (195101-01, 1953-05-15, 1955-09-01), publicized it as being good
for children and athletes and to cure lymphatics diseases,
rickets, scrofula and tuberculosis. Doctors, like Pinto da Silva,
in "It is not only the sea", considered it a healing station: the
geological nature of the sands, the extension and width of the
shore were believed to have curative properties (Brochura de
divulgação, 2019). The beach and the green surrounding forest
were appraised as an idyllic place (Praia do Sol, 1970-03-15)
(Figure 6). But, it hadn´t always been like this. The blissful
idealized Costa da Caparica was physically and metaphorically
built on sand. This element, its abundance, scarcity, fixing and
drainage, is key to understand the evolution and dynamic of this
hybrid coast.
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Figure 4. Detail of the Plan of the Lisbon Port, by Jacques-Nicolas Bellin, 1764 (Source: Gallica. Bibliothèque Nationale de France, https://gallica.bnf.fr/ark:/12148/
btv1b530570096). The picture shows the south margin of the Tagus River, presenting some of the main places at the time, from Cacilhas (Cassile) and Almada to Trafaria
(Trefferie), Fonte Santa (Fontaine) and Murfacem (Morfacem). The parish center – Caparica (Taparica) – is also represented. Some of the riverine ports are mentionned:
Banática (Banate), Porto Brandão (Port Brandan), Portinho da Costa (Port de Coste) and Portinho de Buxos (Bouche). The fossil cliff is represented as well as the sandy
beach.

Revista de Gestão Costeira Integrada | Journal of Integrated Coastal Zone Management | ISSN 1646-8872

234    It’s not only the sea: a history of human intervention in the beach-dune ecosystem of Costa da Caparica (Portugal)

Figure 5. Postcard representing a palheiro of Costa da Caparica, by A. Rocha Gameiro, early-20th century (Source: Private Collection of the Family Arriaga
Corrêa Guedes).

3.3. Solving the sand problem: greening the dunes
In the early-1800s, Marino Franzini, major of the Portuguese
Royal Corps of Engineers, drawn the entrance of the Tagus River,
including Caparica’s area (Figure 7). His representation of the
beach and the fossil cliff is remarkable and he offers some quite
interesting information. Franzini mentions the existence of a
medo. Medo, medos or medões were the old designations used
to name the dunes of the Portuguese coast. The dune identified
by Franzini as Medo Ingles it was probably a detached landscape
feature in the base of the sandspit used as a reference for
navigation. He also refers the igreja da Costa, the church, the
main building in any inhabited place at the time.
Some decades later, in 1857, another map presents the study
area with amazing detail, showing the small hamlet of Costa, the
farmed fields at the base of the fossil cliff, the wetlands and the
dunes. Medo Inglez is also there (Figure 8).
In the 19th century, the extensive shifting dunes seen in Figure
8 were considered sterile, worthless and a concern, as the sand
blown by the wind caused damages to fertile fields. This problem
affected many countries and other stretches of the Portuguese
coast. At the end of the 18th century, following the example of the
French state that had promoted the afforestation of the dunes

of Gascogne, efforts were made to fix the sands of Aveiro, Vieira
and Lavos (Portugal). The idea was to prevent sand drifting, by
trapping it with fences, vegetation and trees, turning the useless
dunes into profitable forests. In 1802, Andrada e Silva, HeadChief of Forest and Mines, was put in charge of sowing the
seashore sands (Silva, 1815). Later, some interventions were
made to protect agricultural fields (e.g. Leiria and Nazaré) and
stop the silting of rivers and ports (e.g. S. Martinho do Porto)
(Diário do Governo, 1823-04-04, 1824-11-22). The dunes issue
would draw much more attention in the second half of the 19th
century, as complains about the need for safeguarding people
and assets reached the Parliament, compelling the authorities
to take measures (Melo, 2017:50-51; Diário da Câmara dos
Senhores Deputados - DCSD, 1866-03-05; 1867-06-15; 186808-06; 1896-03-27). By then the Government was aware that to
fully know and manage national resources more information was
necessary. So, an inventory was ordered on the location and size
of the public forests and barren lands that should be afforested,
which included the coastal dunes. The survey was made in
1868. According to it, the dunes of Costa da Caparica had no
vegetation and were running freely. Its authors recommended
their fixation and conversion into productive soil (Ribeiro e
Delgado, 1868).
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Figure 6. Propaganda to Costa da Caparica as a healthy place (Praia do Sol, 1951-07-01). (Source: Archive of the Municipality of Almada). Notice the references to the transports
between Lisbon and the south margin, the car access to Costa da Caparica, the forest, the camping park and the beach itself.

Figure 7. Detail of the Plan of the Port of Lisbon, by Marino Franzini, in 1811 (Adapted from Silva, 1893. Source: Biblioteca Nacional de Portugal).
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Figure 8. Detail of the Hydrographic plan of the Port of Lisbon, made by the Naval Officers Lieutenants F.M.P. Silva, C.M. Batalha and C.F. B. Vasconcellos. Field work in 1842,
1843 and 1845. Drawings in 1857 (Source: Biblioteca Nacional de Portugal). Notice the sand dunes near the coastline and the wetlands extending from the village of Costa to
the sandspit in the north. Between the cliff and the wetlands, patches of agricultural fields.

In the 1880s, the engineers Henrique de Mendia and José
Alegro were put in charge of mapping the dunes of Costa da
Caparica and proposing a plan for the drainage of the wetlands,
the afforestation of the sands and the construction of a road
to the village. These interventions aimed to guarantee the
safeguard of the population, since many souls lived bedeviled
by the sands, suffered from frequent fevers due to the stagnant
waters nearby and, had no proper access to other villages
(Diário de Notícias, 1882-08-31). In 1883, the newspaper
Diário de Notícias announced that the government has putting

forward the afforestation and drainage of Costa da Caparica
(Diário de Notícias, 1883-02-10). The Municipality of Almada
decided then to sell to the state, for a low price, all the worthless
shore lands, from Trafaria to the Southern end of the municipal
boundaries. Out of the bargain, were the settlements’ grounds;
an extension of 200 m, to the North and to the South of the
village of Costa da Caparica, reserved to the development of
new dwellings. And, a 400 m wide strip of drifting sands from
the high tide mark, from Costa to Fonte da Telha, to ensure
space of the fishing activities. The government – through the
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Forestry Services - assumed the responsibility of creating and
maintaining a forest in those dunes to fix the sands, protect the
riverbank and prevent silting (Termo do contrato, 2013 [1883]).
The works started in 1883-84, at Trafaria and, in 1885-86, at
Costa da Caparica (Borges, 1897).
At the time, Viana (1885) appraised the benefits of dune
afforestation, pointing that it set the right humidity, protected the
soils and plantations, provided jobs and resources. According to
him, two years after the first sowings in Trafaria there were 36 ha
of fixed dunes. The method used was based in setting fences to
stop the sands, sowing vegetation and pine seeds, covering all
with bushes for protection, and later, planting small pines. The
technique had been introduced in Portugal, by Andrada e Silva,
who had learned it in France and Prussia, during his travels
in Europe (Silva, 1815; Freitas, 2004). The works at Caparica
were not a specific local matter, but part of a bigger scheme
implemented in Portugal and other countries (e.g. France,
Spain, Italy), to turn the barren dunes into green profitable
forests. The task was also a way for governments to reinforce
their powers over public lands and resources, by assuming the
responsibility for soil improvement and the protection of local
communities against the sands (Melo, 2017).
In 1897, the Ministry of Public Works published a report on the
situation of sand afforestation in Portugal and the aims for the
years to come. This document presents a good picture of dune
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management at the time and the ambitious goal of fixing the
country’s mobile sands. Concerning the case-study area, it is
said that the interventions done between 1883-86, in Trafaria
and Costa da Caparica, had immobilized 35,6 and 38,8 ha of
dunes, respectively. The works in Trafaria were given as finished
in 1891. In Costa da Caparica, the total area of dunes to fix was
175 ha, so there was still 137 hectares to work out. The next step
was the setting of a 1400 m long fence, to protect the plants
from the sand. But, no more sowing and seeding were proposed
for the following years, so it is not clear from this document
if the Forestry Services were thinking of expanding the forest
area. The financial support provided then to Costa da Caparica
perimeter seems to have been only for the maintenance of the
existing plantations (Borges, 1897).
Figure 9 shows that the works proceeded in the 20th century,
including new sowings, but they were not linear in progress.
Costa Pinto, deputy and former president of the Municipality
of Almada, described how difficult it had been to convince
his peers and even the press of the advantages of dune
afforestation. Revealing that the process had had opponents
and it was not as consensual as some enthusiastic speeches
made it sound (DCSD, 1901-03-03). Also, the report written by
the Head-Forester Magalhães Mesquita, in 1908, explains how
hard the works were in practice, with unsuccessful plantings pines dying because of droughts - and the need to do successive

Figure 9. Dunes of Trafaria and Costa da Caparica (Adaptation from original by Dissanayake M. Ruwan Sampath. Source: Archive from Instituto para a Conservação da Natureza e
Florestas). Representation of the works made by the Forestry Services between 1884 and 1910. Reference to an area flooded by the ocean in 1905 [sementeira de 1905 inundada
pelo mar] and areas where new sowings had to be done [resementeiras]. Notice the drainage systems [valla] and the fences [sébe] near the coastline to protect the plants.
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vegetation seeding to fill the blanks in some areas. Meanwhile,
the Forestry Services had built a frontal dune using a double
fence (see Figure 9) made of pine branches, running North to
South, parallel to the coastline, 80 m from the high tide mark.
And, another one, up North, running East to West, to protect
the plants from the sea, the sand and the winds (Mesquita,
1912; Almeida, 1912). The method had been proposed by
the forester Mendes de Almeida, in 1905, to improve the
efficacy of the plantings and reduce the afforestation costs.
The Forestry Services staff was clearly conducting experiments,
adapting foreign knowledge to local conditions and testing
different strategies and species along the Portuguese coast.
Mendes de Almeida applied in Costa da Caparica his learnings
from Peniche, up north, where he combined practices used in
Germany and Chile. He set to build a frontal dune to protect
plants using pine branches hedges. The creation of a frontal
dune – one of the first steps in dune afforestation according to
the French and German methods – had been tried before, using
a fence of wood planks, but the structure had been destroyed
by the waves. The fences and plantations being so close to the
ocean were often damaged by storms and overwashes (Figure 9).
Sheltered by the frontal dune, Mendes de Almeida established
smaller square areas – the German approach – where he seeded
rye and pine (the rye was an influence from Chile) and planted
pine, acacias, casuarinas and eucalyptus. There he tested
different combinations of plant species and manure to find the
most suited for Caparica (Almeida, 1912; Teixeira, 2016). Years
later, in a plan of the port of Lisbon, done by Portuguese Naval
Officers, it is still possible to see in Caparica some free mobile
sands. But, the forest is already visible between Trafaria and
what is now the S. João beach (Figure 10).
The dunes of Trafaria and Costa da Caparica were afforested in
three different phases – from 1883 to 1896, 1903 to 1910 and
1926 to 1938 (Rego, 2001). The first two periods correspond
to the times of the Monarchy, when the first attempts were
made to stop the drifting sands. Between 1911 and 1926, the
Republican regime kept the previous policy of afforestation,
promoting interventions in many dune perimeters along the
Portuguese coast. But, according to Rego (2001), there were
no new plantations between 1911 and 1926 in the casestudy area. One hypothesis is that they were not needed and
only maintenance was done. Other, quite plausible, is that in
the turmoil of the Republican revolution, political instability,
bankruptcy and the Great War, dunes were a minor issue. After
1926, the Portuguese Dictatorship, known as Estado Novo,
made a big investment in what the authorities considered to

be a highly relevant economic task: finishing dune fixing. The
Estado Novo propaganda transformed it into a huge national
campaign: the terrible danger of the moving sands had to be
stopped (Secretariado Propaganda Nacional, 1941a). The
official speech put it as a way of preventing the silting of rivers
and harbours, the protection of fertile fields and the rending
of new areas to agriculture. But, this had also a political
meaning, the dictatorship was presenting itself as a paternalist
institution taking care of the welfare of its people (Secretariado
Propaganda Nacional, 1941b). And, it was a manner for the
regime to consolidate its power over the territory, resources,
local authorities and communities (Freitas, 2004). The
expansion of the afforestation works to the South of Costa da
Caparica, in mid-20th century, was part of this scheme (Figure
11). The Afforestation Development Plan (Plano de Povoamento
Florestal, 1939), did not include Caparica. This may mean that
no further interventions were needed in this coast and from
then on it was only necessary to ensure the maintenance of the
existing forest.
3.4. Solving health issues: desiccating the wetlands
The afforestation of the dunes of Costa da Caparica had another
aim beside the stabilization of the sands. The task was also a
public health and disease control issue. The wetlands around
the village of Costa promoted the proliferation of mosquitos,
responsible for fevers (known as “sezões”) that made casualties
among the local population. These wetlands were quite common
in sandspits and dunes areas. Here sea flooding was recurrent,
invading the village and the adjacent fields (Diário de Notícias,
1885-02-14; 1895-02-12; 1905-12-29; 1910-12-12; 191202-03). At the time, doctors and authorities associated stagnant
waters to endemic diseases and many efforts were done to
desiccate and drain marshy areas considered dangerous and
worthless (Morera, 2012; Sousa, 2009). It was not known
then that the mosquitos were the spreading vectors of the
pathogens. Andrada e Silva (1815), for instance, attributed the
dissemination of some illnesses to deforestation and the lack
of vegetation to absorb the malign waters and the bad odours
associated to them. The miasmas were considered to be the
carriers of the diseases and trees believed to purify air and
eliminate them.
The decades of 1850-60 were particularly rainy in Portugal
(Melo, 2017). This led to floods and water accumulation in
the lowlands, that during warm season held the optimum
conditions to the development of mosquitos. Those were years
of famine and sickness as the crops were destroyed by the rain
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Figure 10. Detail of the Hydrographic plan of the port of Lisbon, made by the Officers of the Hydrographic Mission for the Portuguese Coast, in 1929 (Source: Biblioteca Nacional
de Portugal). The plan shows the dunes, the afforestated area and the drainage system. No wetlands are represented. They seem to have been converted into agricultural fields.

and floods and, malnourished bodies were more susceptible to
infirmities. Authorities tried to solve this calamity by passing
the 1867 Law, that allowed the State to undertake wetlands
drainage, for safeguarding public health. The afforestation of
coastal areas and river plains (e.g., Tagus and Mondego) was
also connected to this (Melo, 2017). The interventions at the
dunes of Costa da Caparica were part of a bigger project to
improve those lands, which included the drainage of the

wetlands with the purpose of transforming that “insalubrious
place in an appraise location with good health conditions”
(Diário de Notícias, 1882-06-06). Mendia’s report in 1882 set
the plan to desiccate the Juncal marshes by building a network
of ditches to drain the water directly into the Tagus River (Diário
de Notícias, 1882-08-31). The selling of the coastal area of
Caparica is also connected to this. The government was building
the drainage ditches under the 1867 Law, so the Municipality
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Figure 11. Forests of Trafaria and Costa da Caparica in the 1930s-1940s (Adaptation from the original by Dissanayake M. Ruwan Sampath. Source: Archive of Instituto para a
Conservação da Natureza e Florestas). In green, the existing forests. In pink, the Forestry Services areas given to other institutions or services for public uses (the list can be seen
below). In yellow, the dunes to be afforested.

of Almada got rid of those valueless lands passing to central
authorities the responsibility for their improvement (Termo do
contrato, 2013). The drainage works started in 1883 under
the coordination of the Commission for Sanitary Improvements
[Junta dos Melhoramentos Sanitários]. Two years later, they
prove their efficacy when, during a storm, the sea waves invaded
the village and the water run off through the existing channel
(Diário de Notícias, 1885-02-14). According to Viana (1885),
the engineering works were complemented with the planting of
eucalyptus and acacias (Figure 12).
In 1923, the writer Raúl Brandão (1923) driving on the road from
Trafaria to Costa da Caparica described the small pines and the
water ditches furrowing the large plain. By then the forest and
the drainage system had become part of the landscape. These
were key-elements of late-19th /early-20th century strategic ideas
for the coast. They were not the result of a linear structured plan,
but more of a series of events, product of the agency of different
actors, powers and institutions, driven by the firm believe that
dunes and wetlands were of no value and improvements should
be made for the common good.

3.5. Management paradigms: ruling the unruliness
The end of the 19th/mid-20th century was also the time when
sea bathing for therapeutic (and later, leisure) reasons started
spreading in Portugal, changing the way coasts were thought
and bringing new uses and values to the seashore. Due to its
location, the cheap boat trips between Lisboa and Trafaria, the
health issues solved and the pine forest embellishing the place,
Caparica become a much sought seaside resort. The paradisiacal
image of this beach, mentioned earlier, had much to do with the
drainage of the wetlands and control of the drifting sands. These
would also be the ground for development as, over the years,
houses, buildings and economic activities grew on the beach
and dunes. The public forest of Costa da Caparica was such
an attraction that several institutions asked the government
for permission to install holiday resorts and nursing homes,
following the example of FNAT’s vacation camp (Gröer, 20042005), in 1938 (see Figure 11). Even before the Tagus River
bridge, in the 1960s, illegal constructions, camping parks and
leisure resorts, built on the dunes and green areas, start packing
this coast (Figure 13). The pressure on those ecosystems
increased with more buildings, new accesses, clearings and
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Figure 12. Plan for the drainage and afforestation works in Trafaria and Costa da Caparica, made by Adolpho de Oliveira and Álvaro de Carvalho, under the direction of the Forest
Inspector Pedro Roberto de C. e Silva, 1888 (Adaptation from original by Dissanayake M. Ruwan Sampath. Source: Archive Instituto para a Conservação da Natureza e Florestas). The
wetlands are the ones named “Juncal” and “Brejos”. The drainage ditch runs from Costa da Caparica to the Tagus river. The sowings in the dunes are mentioned as “sementeira de
penisco”. Eucaliptus and some other trees were planted near the ditch [plantações de eucalyptus e árvores diversas]. Private lands are referred as “terrenos particulares”.

unruly car parking, after the bridge was built (Duarte e Lamas,
1978). Along the maritime front, from S. João to Fonte da Telha,
urbanization extended in size and height (Pires et al., 2017).
Meanwhile, another phenomenon was putting more tension
upon this territory: from the 1950s onwards, coastal erosion
became a major problem (Pinto et al., 2007). This coast was
always a prone sea flooding area, but the diminishing of the
sedimentary budget to the shore associated with urban growth
in such highly dynamic system made human settings extremely
vulnerable.
The issue was then the lack of sand. When the population saw
it disappearing from the beach in S. João, they turned to the
dunes for a protective barrier. Many worried that even these
could not hold the sea and the local newspaper Praia do Sol
(1953-02-15; 1953-04-15) asked for some faith in the works
of the Forestry Services, which had been reinforcing the dunes
(the ones mentioned by Matias’s friends). However, from Cova
do Vapor to Costa da Caparica village, during high tide, the
waters often overwashed the dunes and invaded the woodlands
and the FNAT’s installations (Marés-cheias, 2006 [1957]). In
1957, a group representing local elites and authorities paid a

visit the Public Works Minister to pressure him to find a solution
for the problem of the dunes (Praia do Sol, 1957-06-01; Diário
do Governo, 1957-08-06). Just after, the Forestry Services built
a second frontal dune near FNAT to defend the vacation camp
(Praia do Sol, 1957-10-15). Nevertheless, in December 1958, S.
João beach almost disappeared, with the sea water reaching the
forest (Freire, 1986). The dune breeches were filled later, but the
main response - following coastal management practices at the
time - was to invest in hard engineering structures: the groynes
and the seawall that still exist today. In the 1960s, Praia do Sol
(1967-04-01) published an article saying “we need more stone”:
stone to build a barrier against the sea that each year is taking
more sand from the beach. Later, the newspaper appraised those
protection works, considering the groynes and the seawall an
attraction for recreational fishing and for allowing people to bring
their cars closer to the beach, through the parallel road that it
was going to be build. The seawall, it stated, would help Costa da
Caparica to keep up with progress. It was believed that the huge
stones being unloaded at the moment would stall out the dangers
of the ocean and that the sand would return to the beach (Praia
do Sol, 1971-09-11).
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Figure 13. Representation of the dunes of Trafaria and Costa da Caparica in the Military Chart of Portugal, probably in the 1960s (Adaptation from the original by Dissanayake M.
Ruwan Sampath. Source: Archive of Instituto de Conservação da Natureza e Florestas). This representation shows the afforested areas in this region and the urban growth in the coast,
specially near the town of Costa da Caparica.

In spite of the severe coastal erosion and the degraded dunes,
Costa da Caparica was a vital recreational area for the Lisbon’s
population. The economic value of this coast increased
exponentially in late-20th century. This is absolutely clear in a
letter circulating within the Forestry Services about the interest
of the Municipality of Almada in getting back the dunes sold in
1883. “A century ago, when the sell was made, those beaches
had no one and the sand worth nothing” (Ramos, 1981). But,
meanwhile, the situation had changed and the touristic pressure

was huge. The Municipality wanted to recover the land between
INATEL (old FNAT) and Ribeira do Rego, to set hotels, restaurants,
pools and sports infrastructures. From Ribeira do Rego to Fonte da
Telha, on the other hand, the idea was to put a halt to the dunes
and forest’s degradation, leaving the area for the ones who were
looking for a closer contact with nature (Ramos, 1981).
In mid-20th century, increasing urban development and protect
it were the chosen options and they still define the present
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managing policies, since the safeguard of the built area has
to be maintained. Like Hodder (2012) pointed, there is an
“unwillingness to abandon a path of action if a great deal has
been invested in it, even if future prospects are not good”.
Decisions are often taken based in past investments and
humans tend to keep fixing things that go wrong within the
existing entanglements. The costs of changing a particular
route are normally considered prohibitive because of all the
interlinked relationships and their domino effect. As such, the
strategy at Caparica has been marked by successive emergency
interventions, like the ones in the 2000s, which included groynes
repairing and sand beach nourishments, to hold the destruction
of infrastructures, rather than a long-term approach considering
retreat (Schmidt et al., 2011).
Pinto et al. (2007, 2015) have shown how dynamic the
evolution of this coastal stretch has been. Some of the intricate
natural processes responsible for such morphological changes
are still not very well known, especially because many direct
and indirect human activities have contributed to make these
coastal settings even more inextricable and unpredictable, by
multiplying the unexpected spin offs. Societies are often thought
as coherent units changing and adapting through time in an
orderly way. But, what a long-term approach reveal is that there
is a large degree of uncertainty and contingency even within
the same human group, so responses are always “provisional,
worked out in practice, temporary and partial” (Hodder, 2012:
110). For this reason, it is possible to find examples of different
and contradictory ways of dealing with coastal issues along the
years, but also within the same time and society. For instance,
the sand mining in Torrão/Trafaria, in the 1950s, and dredging
in Cova do Vapor, in the 1990s, while groynes were being built to
safeguard the adjacent beaches (Freire, 1986: 29; Delicado et
al., 2012). The approval of new concessions for setting camping
parks on the dunes (Diário do Governo, 1962-03-02) when a few
years earlier 60 houses were removed from the shore by their
owners to avoid being damaged by the sea (As marés-cheias,
2006 [1957]). The intensification of urban settlement upon a
shore, in the 1990s (Pires et al., 2012: 286), when the same
was being affected by coastal erosion. The implementation of
an urban management plan (Programa Polis), in the 2000s, to
deal with the maritime front problems, which did not take into
consideration future climate change scenarios (Schmidt et al.,
2011). And, the recent decision of the Municipality of Almada,
the institution supporting dune rehabilitation in S. João, to build
a highly contested road parallel to the sands, in Fonte da Telha
(Moutinho e Pescada, 2020).
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What was said makes clear that thinking, planning, managing
and solving problems are always historical and specific,
depending on the environmental conditions, the tools that can
be used, the knowledge and skills that are held, the available
financial and human resources, the social relationships,
the balance between powers, laws and wills, and the mental
structures of each society within its own time (Hodder, 2012;
Pires et al., 2012). This is why human activities should not be
reduced to their materialities – dams, groynes, dredgings and
beach nourishments -, but need to be put into their right context.
4. CONCLUSIONS
Sand is a key piece to understand the evolution of Costa da
Caparica. The strategies for sand dunes management are
connected to perceptions and political and economic interests
regarding the coast. Today, as in the past, the interventions in
the dunes have to do with the protection of assets. But, before,
dunes were considered a danger from which human property
had to be protected. Now, dunes have a value of their own for
the ecosystem services they provide. They are being watch over
to secure humans and their properties on the shore.
In the case of Costa da Caparica stabilizing the dunes and
draining the wetlands was the way to reduce damages and turn
worthless things into profitable lands. Later, ideas about the
shore changed, the beach and the afforested dunes become
appraisable healthy places and people started visiting and
building on them. So, when coastal erosion menaced one of
Lisbon’s favorite seaside resorts, dunes turned into valuable
natural barriers against the sea. But, since they could not
hold it, armoring the coast was the next step. The optimistic
believe in groynes and seawalls is, however, disappearing as
their maintenance has shown to be an endless task. Setting
hard engineering structures is not the predominant option
anymore and “building with nature” techniques, like sand
beach nourishment and dune rehabilitation (ReDuna project),
are being implemented. But, since the main problem is the lack
of sand, dune recovery is not effective if the littoral sedimentary
budget is not assured (and it is not) and human settling is not
properly fit to this highly dynamic environment. So, it is clear
that this is not the solution also, only a way of buying time. The
fact is that there aren’t definitive fixing solutions for the littoral,
as nothing is or should be fixed in an ephemeral territory.
This paper shows that dune intervention is driven by believes,
intentions, powers, politics, money, emotions, knowledge and
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creativity. Things that are as fluid as the coasts themselves,
changing through the years, across societies and within the
same society and time. This means that coastal management is
not about ruling coasts, but making decisions about individual
and collective behavior concerning beaches and dunes. So,
any long-term adaptation plans for these environments have
to consider not only the natural processes, but also the sociopolitical pressures, the historical and cultural contexts, the
discrepancies, the aims and the cravings for the future. In other
words, humans in all their complexity.
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COMMUNITY PERCEPTION OF THE VALUE OF THE ECOSYSTEMS OF THE BONS SINAIS ESTUARY,
MOZAMBIQUE, SOUTHERN AFRICA
Antonio Mubango Hoguane@ 1, Rodrigues Pita Francisco1, 2, Rosa Lourenço Simbine1, 3,
Humberto Silvestre Mabota1,4
ABSTRACT: Understanding the community’s perceptions of, and beliefs about, the value of ecosystems and natural resources is important for designing effective environmental
education and awareness campaigns and for the adoption of sustainable natural resources management. The present paper examines the perceptions of the natural resource users
in the Bons Sinais Estuary and gauges their willingness to contribute to mangrove ecosystem restoration and management. 169 natural resource users, including fishermen, farmers,
and forest produce users, from five villages along the Estuary (Marrubune, Gazelas, Icidua, Chuabo Dembe and Inhangome), were interviewed. The interviewees assigned high value
to the estuary as a source of fish, as agricultural land and as productive forest. They considered the estuary important for provision of clean water and air and for its potential for
tourism development. There were strong similarities, across the region, with regard to the value of the estuary ecosystem (0.6<r<0.8; p=0.000) and on the perception of the ecological
importance of mangroves (r≥0.9; p≤0.009). The community agreed to mangrove restoration and were willing to contribute to this in labour and in cash. They were aware of and
complied with the management rules and regulations for fisheries and mangroves. The banning of small mesh fishing nets and mangrove cutting and introduction of a close season
were popular measures. The people favoured the co-management governance system.
Keywords: Ecosystem services, natural resource management, livelihood activities, mangrove restoration, co-management.
RESUMO: Compreender as percepções e crenças da comunidade, sobre o valor dos ecossistemas e recursos naturais, é importante para a planificação de campanhas eficazes
de educação e conscientização ambiental e para a adoção da gestão sustentável dos recursos naturais. O presente artigo examina as percepções dos usuários de recursos
naturais no estuário de Bons Sinais e avalia sua disposição em contribuir para a restauração e gestão de ecossistemas de mangal. Foram entrevistados 169 usuários de recursos
naturais, incluindo pescadores, agricultores e usuários de produtos florestais, de cinco aldeias ao longo do estuário (Marrubune, Gazelas, Icidua, Chuabo Dembe e Inhangome).
Os entrevistados atribuíram alto valor ao estuário como fonte de peixe, terra agrícola e floresta produtiva. Eles consideraram o estuário importante para o fornecimento de água e
ar limpos e por seu potencial para o desenvolvimento do turismo. Houve fortes semelhanças, em toda a região, em relação ao valor do ecossistema do estuário (0,6 <r <0,8; p =
0,000) e na percepção da importância ecológica do mangal (r≥0,9; p≤0,009). A comunidade concordou em restaurar o mangal e estava disposta a contribuir, para o efeito, em
trabalho e em dinheiro. Eles estavam cientes e cumpriram com as regras e regulamentos de maneio de pesca e de mangal. A proibição de uso de redes de pesca de malha pequena
e do corte de mangal e a introdução de veda na pesca, foram medidas populares. As pessoas eram favoráveis ao
 sistema de governança de cogestão.
Palavras-chave: Serviços de ecossistemas, gestão de recursos naturais, atividades de subsistência, restauração de mangal, co-gestão.
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1. INTRODUCTION
The ecosystem of the Bons Sinais Estuary consists mainly of
mangroves, which dominate the lower and mid estuary, and
freshwater swamps which are abundant in the upper estuary.
These mangroves and swamps provide a wide variety of goods
and services to the resident population (Unaite, 2017). The
services derived from estuaries include food production,
mainly fish, and building material and energy sources obtained
from mangroves. The mangroves and wetlands also provide
protection from flooding, through absorbing floods by sponge
function (Acreman e Holden, 2013; Agbasi, 2014; Badola e
Hussain, 2005; McLaughlin e Cohen, 2013; Moreno-Casasola
et al., 2009) as well as carbon sequestration (Alongi, 2012;
Estrada, 2015; Inoue, 2019).
Despite their socio-economic importance, estuaries are
threatened by both human and anthropogenic pressures
worldwide (Pagliosa et al., 2006; Rasolofoharinoro et al., 1998;
Zapata et al., 2018). In the Bons Sinais Estuary human pressure
is one of the major threats to the ecosystem, where mangroves
are depleted for firewood and charcoal production and cleared
for human settlements, and freshwater swamps are converted
into settlements and agricultural land (Unaite, 2017).
The presence of different resource users, often with conflicting
interests, the complexity of the human-environmental interactions
and the linkages between different ecosystems` functions and
services in the estuaries, call for an integrated management
approach, in order to preserve the benefits provided by these
ecosystems and sustain the livelihood of the people who
depend on estuarine resources (Calvão et al., 2013; Carvalho
e Fidélis, 2013; Lai et al., 2015; Nobre, 2011; Supriatna
et al., 2017). Understanding the social and economic
aspects of coastal communities, which include demography,
economics, perceptions, attitudes, and values pertaining to
estuarine ecosystems is crucial to management of estuaries
as pointed out by many authors (Burger, 2003; Huppert
et al., 2003). McAuliffe et al. (2014) pointed out that the
degree of degradation of estuary ecosystems is related to the
economic background of a community that uses its resources.
Supriatna et al. (2017) argued that community behaviour can
affect, directly or indirectly, the ecosystems. Further, Huppert
et al. (2003) argued that ecosystem management involves local
public perception and collaboration and Burger (2003) pointed
out that understanding how people use estuarine resources and
what they see as the most important processes are critical to
their assessment and management. Furthermore, Rojas et al.

(2017) argued that analysis of perceptions of Ecosystem Service
is of increased importance to maintain biodiversity, ecosystem
functions, and assure the well-being of the people. Moreover, for
an effective awareness and education programme, knowledge
of the trainee’s perceptions and beliefs on the matter has to
be taken into consideration and built on for programs to be
effective (Ajaps e McLellan, 2015). Therefore, the present
paper examines the community demography and socioeconomic structure, analyses perception of the value of the
estuarine ecosystems and gauges willingness to contribute to
the restoration and conservation of the mangrove ecosystems. It
aims to contribute to an effective awareness of, and education
programmes on, the conservation and sustainable use of this
precious ecosystem. The survey was conducted in five villages
distributed along the Estuary as follows (Figure 1): two villages
(Marrubune and Gazelas) in the lower estuary dominated by
fishermen, one village at mid estuary (Incidua), a suburb in
Quelimane City, representing suburban conditions, and two
villages at the upper estuary (Chuabo Dembe and Inhangome),
dominated by farmers.
2. DESCRIPTION OF THE STUDY AREA
The Bons Sinais Estuary (Figure 1) is located in south-eastern
coast of Africa, between latitudes 17º 52’S and 18º 04’S and
longitudes 36º 48’E and 36º 58’E. The estuary hosts diverse and
rich habitats ranging from freshwater swamps to mangroves, which
sustain important fisheries resources and fertile agriculture lands
that provide livelihoods to a large population. Along the estuary,
at about 25 km upstream, on the northern margin of the estuary,
lies the city of Quelimane, the capital of the Zambézia Province,
the second-most populated province in Mozambique. There is
a fishing and a commercial harbour. The city offers opportunity
for jobs and career development and business, all of which are
promising ways to alleviate poverty and unemployment. During the
Mozambican civil war of 1977 to 1992, the city of Quelimane
grew rapidly, when up to 3 million people were displaced from
rural inland areas to the more urbanised coast, considered safe
(Wilson, 1994). After the civil war, the city continued to grow, and
the population increased from 150,116 in 1997, to 193,343
in 2007, and to 349,842 in 2017 (INE 2007; INE 2017; www.
populationstat.com). The urbanisation of Quelimane, including
population growth and the consequent demand on local natural
resources, may contribute to the reshaping of the people’s
occupation and perceptions on the importance of the natural
ecosystem in the ever-dynamic socio-economic settings.
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conservation. Data were collected via semi-structured interview
questionnaires with 169 people (26% female) living in the
surveyed villages, namely Marrubune (28), Gazelas (23), Icidua
(37), Chuabo Dembe (39) and Inhangoma (42). People were
selected randomly from the community in the villages and each
interviewee represented a household.

The method was based on a case study strategy involving
communities living in five villages distributed along the estuary
(Table 1), as described above. These communities were
selected because it was expected that they would have different
livelihood activities and different uses of the estuary and
estuarine resources, and so, different perceptions of the value
of the estuarine ecosystem. The study was conducted through
face-to-face surveys to gather qualitative and quantitative data
on the stakeholders’ use and perceived value of the estuarine
ecosystem, focusing on mangrove ecosystems, as well as
their willingness to contribute to mangrove restoration and

The results from the survey were checked, entered onto a
computer and statistically analysed using MINITAB statistical
package. Pearson correlation (r), was used to gauge the strength
of the similarities or differences between the villages with regard
to their perception of the estuarine ecosystem function, use and
value, focusing on mangroves.

Figure 1. Location of the survey sites.

Table 1. Number of the interviewees.
Marrubune

Gazelas

Icidua

Chuabo Dembe

Inhangome

Total

Male

25

14

29

20

37

125

Female

3

9

8

19

5

44

Total

28

23

37

39

42

169

Villages
Gender
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4. RESULTS
4.1 Profile of the interviewees
Figure 2 presents the profile of the interviewees. A higher
proportion of men, about 89%, was interviewed in Marrubune,
at the mouth of the Estuary (Figure 2a). The proportion of men
interviewed decreased up-estuary up to Chuabo Dembe, where
men (51%) and women (49%) were in balance. The men took the
lead again in Inhangome, further up-estuary. Regarding marital
status, most of the interviewees were married (Figure 2b). There
was a high proportion of married people in Marribune (96%) and
Inhangome (95%). A higher proportion of singles was observed
in Incidua (30%) and Chuabo Dembe (21%) and there were a
number of widows (17%) in Gazelas. Overall, about 79% of the
interviewees were married and about 13% were singles, 2% were
divorced and 6% were widows. Most of the interviewees were
young to middle age (Figure 2c), with age range 16-25 (30%),
26-35 (33%) and 36-45 (21%). Elder people, with age range 4655 were 11% and with age above 55 were 6%. Christianity and
Islam were the dominant religions of the interviewees (Figure
2d). Islam was dominant near the coast, in Marribune (~86%),
followed by Icidua (24%). Christianity was the most dominant
religion, with the highest proportion of Christians farthest up
the estuary, in Inhangome (~86%), followed by Chuabo Dembe
(80%), Gazelas (74%) and Icidua (~49%). Illiteracy (Figure 2e)
was higher near the mouth of the Estuary at Marrubune and
Gazelas. The proportion of interviewees with no primary School
certificate was 61% in Marrubune and 70% in Gazelas. The
proportion of illiteracy diminished up-estuary. In Icidua the
proportion of interviewees that completed High School was
about 22% and in Inhangome the proportion of interviewees
that attended High School but did not complete was about
26%. In Icidua and Chuabo Dembe there were interviewees that
attended College (3-8%). Overall, about 45% of the interviewees
did not complete Primary School, but about 25% had completed
Primary School. 12% attended High School, but only 8%
completed High School and 2% attended college. The main
occupations of the interviewees (Figure 2f) were fishing, followed
by agriculture, forest products and small business. A higher
proportion of fishermen was observed in Marribune (82%),
followed by Icidua (62%), Inhangome (50%) and Gazelas (48%).
The highest proportion of farmers was observed in Gazelas
(44%) followed by Chuabo Dembe (26%) and Inhangome (19%).
Forest product dealers were recorded in the upper estuary, in
Chuabo Dembe (25%) and Inhangome (~5%). Small business
dealers were observed across the region, except in Gazelas, with

the proportion ranging from 10% and 13.5%. Chuabo Dembe
presented a small proportion of fishermen but displayed a wide
range of occupations. Other occupations included civil servants
and employees were significant in Chuabo Dembe (25.6%).
There were significant similarities (r=0.7; p≤0.005) in the
profiles of the interviewees across all the five villages surveyed.
Strong similarities (r≈0.8, p≤0.001) were observed in all the
villages with the exception of Marrubune. Similarities were
observed in gender, which was dominated by men throughout,
with Marrubune presenting an extreme case (89% men); in
occupation, dominated by fishing with the exception of Chuabo
Dembe where there was a whole spectrum of occupations with
fishing being a small proportion and Gazela where agriculture
and fishing were almost in equal proportion. Most people were
illiterate and married. The religion was predominantly Christian,
with the exception of Marrubune, which was Muslim dominated.
In overall, the main occupation was fishing (51.6%), followed by
agriculture (19.3%), small business (10.6%) and other activities
including civil servants and paid jobs (11.2%).
4.2 Perceptions of the interviewees on the importance of the
estuarine ecosystems on provision of goods and services
The importance of the estuary ecosystem on the provision of
goods and services was assessed with regard to provision of forest
products (mainly mangrove), fish and fish habitat, agricultural
land, wildlife, clean water, clear air and favourable conditions for
tourism development. The result is presented in Figure 3.
With regard to the role of the estuary to provide forest products
(Figure 3a), in Marrubune 50% of the interviewees considered
important, 39.3% considered very important and 10.7% said it
was not important. In Gazelas, 56.5% considered important and
30.4% considered not important. In Icidua, 38.9% considered
important and 49.7% very important. In Cuabo Dembe, 16.2%
considered important and 83.8% very important. In Inhangome,
42.9% considered important and 35.7% very important. On
average, 39.2% considered important and 43.4% considered very
important.
On the role of the estuary to provide fish and fish habitats (Figure
3b), in Marrubune, 17.9% considered important and 75% very
important. In Gazelas, 78.3% considered important and 8.7%
very important. In Icidua, 44.4% considered important and 47.2%
very important. In Chuabo Dembe, 16.2% considered important
and 83.8% very important. In Inhangome, 33.3% considered
important and 52.4% very important. On average, 35.5%
considered important and 56% considered very important.
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Figure 2. Profile of the interviewees.
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Figure 2. (Continued) Profile of the interviewees.
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Concerning the role of the estuary in providing agricultural
land (Figure 3c), in Marrubune 25% considered important
and 71.4% very important. In Gazelas, 78.3% considered
important and 8.7% very important. In Icidua, 16.7% considered
important and 75% very important. In Chuabo Dembe, 10.8%
considered important, 32.4% very important, 18.9% considered
not important, 10.8% least important, and 21.6% confessed
not knowing. In Inhangome, 16.7% considered important and
61.9% very important. On average, 25.3% considered important
and 53.4% very important.
With regard to the function of the estuary to provide wild life
(Figure 3d), in Marrubune, 57.1% considered important, 28.6%
very important, and 14.3% considered not important. In Gazelas,
17.4% considered important and a large proportion of the
interviewees (69.6%) considered not important. In Icidua, 61.1%
considered important and 11.1% considered very important.
In Chuabo Dembe, 29.7% considered important, 32.4%
very important, 13.5% considered not important and 16.2%
considered least important. In Inhangome, 40.5% considered
important, 16.7% very important, and 14.3% declared not
important. On average, 42.2% considered important, 19.3%
very important, and 18.7% considered not important.
With respect to the role of the estuary in providing clean air
(Figure 3e), in Marrumube, 17.9% considered important and
35.7% very important, and 28.6% said it was not important.
In Gazelas opinions were divided, with 43.5% considering the
provision of clean water to be important and an equal proportion
considering it not important. In Icidua, 27.8% of the interviewees
considered it important and 72.3% considered it even very
important. In Chuabo Dembe, 18.9% and 13.5% considered
it important and very important and a considerable proportion
(35.9%) considered it not important while 21.6% admitted to not
knowing. In Inhangome, 38.1% of the interviewees considered
the provision of clean water important, 31.0% considered it very
important, and 16.7% said it was not important. On average,
28.9% considered this factor to be important and 32.5% very
important, and 22.9% considered it not important.
With regard to the function of the estuary to provide clean air
(Figure 3f), 21.4% of the interviewees in Marrubune considered
this important, 28.6% said it was very important, 32.2% said
it was not important and 14.3% said they did not know. In
Gazelas, 73.9% considered it important, 21.7% considered it
not important and 4.3% said they did not know. In Icidua, 66.7%
said it was important and 33.3% considered it very important.
In Chuabo Dembe, 29.7% considered it important, 21.6% very
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important, 37.8% said it was not important and 8.1% said not
knowing. In Inhangome, 38.1% considered important, 35.7%
considered very important, 19% said it was not important
and 4.8% said not knowing. On average, 44.6% considered
important, 25.9% considered very important, and 21.7% said
it was not important.
With regard to the estuaries offering opportunity for tourism
development (Figure 3g), in Marrubune, 57.1% considered
important and 39.3% very important. In Gazelas, 60.9%
considered important and 21.7% considered not important.
In Icidua, 47.2% considered important, 13.9% very important,
and 16.7% declared not important. In Chuabo Dembe, 24.3%
considered important, 18.9% considered not important,
21.6% least important, and 29.7% admitted not knowing. In
Inhangome, 21.4% said it was important, 40.5% affirmed not
important and 23.8% said not knowing. On average, 39.2%
considered important, 11.4% very important, 21.1% considered
not important and 15.7% admitted not knowing.
There were strong similarities (0.7<r<0.8; p=0.000) in the
answers from Marrubune, Icidua and Inhangome, and significant
similarities (r=0.6; p=0.000) between Chuabo Dembe and these
three villages. The similarities were in opinions about the role
of the estuary as a provider of fish and fish habitats, forest
products and agricultural land. In Icidua, a large proportion
(60.9%) of the interviewees considered important the role of the
estuary for tourism. In Gazelas, a large proportion (~70%) of the
interviewees considered the provision of wildlife not important
and neglected the role of estuary for tourism. In Chuabo Dembe,
a large proportion of the interviewees (83.8%) ranked the role
of the estuary in providing forest products and fish and fish
habitats very high.
4.3 Perceptions of the interviewees on the ecological
importance of mangroves
Figure 4 presents the perception of the interviewees of the
overall usefulness of the mangrove ecosystem. In Marrubune,
57.1% of the interviewees considered the maintenance of
biodiversity and environmental protection as the main ecological
function of mangroves, 21.4% of the interviewees considered the
maintenance of biodiversity, environmental protection and soil
fertility improvement as the main ecological function of mangroves
and 10.7% considered biodiversity only as the main ecological
function of mangroves. In Gazela, 47.8% of the interviewees
considered the maintenance of biodiversity and environmental
protection and 21.7% of the interviewees considered the
maintenance of biodiversity, environmental protection and soil
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Figure 3. The interviewees’ perception of the value of the estuary ecosystem.
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Figure 3. (Continued) The interviewees’ perception on the value of the estuary ecosystem.
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fertility improvement as the main ecological function of mangroves.
In Icidua, 47.2% of the interviewees considered the maintenance
of biodiversity and environmental protection, 21.7% considered
the maintenance of biodiversity, environmental protection and
soil fertility and 19.4% considered environmental protection
alone as the main ecological functions of mangrove. In Chuabo
Dembe 86.5% of the interviewees considered the maintenance of
biodiversity and environmental protection as the main ecological
functions of mangroves. In Inhangome, 21.4% of the interviewees
considered the maintenance of biodiversity and environmental
protection as the main ecological function of mangroves and
the same proportion considered the maintenance of biodiversity,
environmental protection and soil fertility improvement as most
important. 16.7% considered environmental protection alone as
the main ecological function of mangroves. 7.1% chose combined
environmental protection and soil fertility and 9.5% soil fertility
alone.
There were strong similarities (r≥0.9; p≤0.009) in the perception
of the interviewees across the five the villages surveyed, with
ecological importance placed on maintenance of biodiversity,
environmental protection and soil fertility improvement.
4.4 Willingness to contribute to mangrove rehabilitation and
conservation
All the people interviewed agreed on the need to restore and
conserve mangroves. 131 interviewees, representing about 77.5%
preferred to contribute in labour for restoration of mangroves and

Figure 4. Perception of the interviewees on the overall ecosystem function of mangroves.

the remaining 38, representing 22.5% of the total interviewed said
they would contribute in cash. Figure 5 shows the contribution
by village. Most of the interviewees that chose to contribute in
labour for restoration of the mangroves were willing to offer 2-6
hours a week (Figure 5a). In Marrubune about 80% and in Chuabo
Dembe about 64% of those interviewed were willing to offer 2-6
hours per week. In Gazelas, about 38% of the interviewees were
willing to offer 20-22 hours per week and in Icidua, about 41% of
the interviewees were willing to offer 35-40 hours per week. On
average, 44% of the interviewees in the five regions were willing to
offer 2-6 hours a week for rehabilitation of mangroves, about 12%
were willing to offer 20-24 hours and about 17% were willing to
offer 35-40 hours.
Commitment to contributing monetary value for restoration
of mangroves was in the range 0.5-5 US$ per month (Figure
5b). In the villages where there was a significant proportion
of interviewees that preferred contributing monetary value,
most of the interviewees, Marrubune (72.7%), Chuabo Dembe
(72.7%), Inhangome (66.7%), Icidua and Marrubune, each 50%,
committed to contribute 0.5-2 US$ per month. In all, 57.9% of the
interviewees across the five villages were willing to commit 0.5-2
US$ per month for restoration of mangroves.
There were no statistically significant similarities across the
villages. The best found were between Incidua and Inhangome
(r=0.5; p=0.026) for the labour contribution and between
Chuambo Dembe and Inhangome (r=0.5; p=0.121) for the
monetary contribution.
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Figure 5. Willingness to contribute to mangrove restoration.

4.5 Awareness of the management measures and rules
governing estuarine resources
Table 2 presents the awareness of the interviewees of the major
management measures and rules governing estuarine resources.
Most of the interviewees were aware of the prohibition of the use
of small mesh fishing nets (63.5%) and the fishing close season
(35%). It should be mentioned that almost all the interviewees,
including fishermen and non-fishermen were aware of those
measures. As regards conservation management measures
and rules for mangroves, 81.8% said they were aware of the
prohibition of cutting mangroves and 18.2% of the prohibition

of cutting small trees. Regarding the traditional rules, two
measures, namely, no cutting mangroves, which was known
by 19% of the interviewees and prohibition of the use of small
mesh fishing nets, a measure also established and enforced by
the government, known by 63.2% of the interviewees. The pure
traditional measures, which were prohibition to make firewood
out of some species of mangrove and prohibition to defecate in
the river bed, were known by a small proportion (2.9%) of the
interviewees. A significant proportion (11.8%) of the interviewees
was not aware of the traditional measures and rules to govern
estuarine natural resources.
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Table 2. Management measures and rules of the estuarine resources in the Bons Sinais
Estuary.
Resources

Measure

Fisheries management

Fishing close season

35.0

Ban to small mesh nets

63.5

No cutting of mangroves

81.8

No cutting of small trees

18.2

Traditional rules on
Fisheries management

No use of small mesh net

63.2

Did not know

11.8

Traditional rules on
mangrove management

No cutting mangroves

19.1

Not allowed to make
firewood out of some
species of mangroves

2.9

Did not know

11.8

Not allowed to defecate in
river bed

2.9

Mangrove management

General

Proportion of the
interviewees who knew
about the rules

5. DISCUSSION
5.1 Profile of the interviewees
A high proportion of males was interviewed in Marrubune and
Inhangome where the majority of interviewees were fishermen.
A significant proportion of women was observed in the villages
where agriculture and dealing in forest products were practiced
by a significant proportion of interviewees, namely Icidua and
Chuabo Dembe. A significant proportion of forest product dealers
was observed in Chuabo Dembe, where charcoal production
is practised mostly by women. The suburbs, near Quelimane
city, such as Icidua and Chuabo Dembe exhibited a significant
proportion of interviewees whose occupation was small business
and other jobs, which included civil servants and employees.
The highest rates of literacy among interviewees were in Icidua
and Chuabo Dembe, the nearest villages to Quelimane. The
highest proportion of least educated people was observed at
the remote area, at the mouth of the Estuary, dominated by
fishermen. Regarding the age profile of the interviewees, it was
dominated by young people and people under the age of 45.
This reflects the population age structure of Quelimane given
in the demography statistics of 2017 (INE, 2017), which stated
that 28% of the population were aged below 10 years, 44% were
between 20 and 30 years, 19% between the ages 30 and 50
years and 7% above 50 years.

5.2 Main livelihood activities
The main livelihood activities found in this study were fishing,
forest product dealing, agriculture and small business, with
fishing being the main livelihood activity in the estuary. This is
in agreement with the study by Unaite (2017), who found that
about 64% of the 84 people he interviewed in Icidua, Chuabo
Dembe and Marizane, all villages surrounding Quelimane, were
fishermen.
5.3 Valuing the estuarine resources
All the interviewees agreed that the estuary provides livelihood
and income generating opportunities. People place the value
of the ecosystem in the uses and benefits they get from it
(Stone et al., 2008; Williams et al., 2018). From the interviews
it was clear that the community uses the Bons Sinais estuary
for fishing, mangrove wood harvesting and farming. This may
explain why the value of the estuary in providing fish and fish
habitat and agriculture was most valued (Figures 3b and 3c).
The interviewees were also aware of the ecological value of
mangroves (Figure 4). The few people who questioned the value
of the estuary as a forest product provider, and ranked it not
important (Figure 3a), may have been influenced by the fact
that cutting mangroves is discouraged. The value of the estuary
in providing wildlife was also doubted by some; this may be
explained by the fact that in the Bons Sinais estuary there are
no stands of mangroves developed to sustain valuable wildlife.
Further, there were a number of interviewees who ranked the
value of the estuary in providing clean water as unimportant.
This may be explained by the fact that people are not using
water from the estuary for drinking, nor for irrigation, as it is
salty. They obtain water from wells and boreholes and use
rainwater for agriculture. Similarly, there were a few people who
did not understand the value of the estuary in providing clean
air, and hence they ranked it as unimportant. The few people
who ranked the role of the estuary in attracting tourism as
unimportant may have been influenced by the fact that tourism
in the Bons Sinais Estuary is not developed, and so, people are
not benefitting from it.
5.4 Contribution to restoration and management of mangroves
All the interviewees agreed on the need to contribute to the
restoration and maintenance of mangroves. The massive
willingness to contribute to rehabilitation of mangroves may
be a result of awareness campaigns undertaken by government
officials and extension workers and NGOs. Indeed, the community
in Icidua and Marizane, suburbs of Quelimane have participated
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in projects of mangrove rehabilitation. Further, the perception
of the ecological and economic value of mangroves to the
community as shown in Figures 3 and 4 may be a strong reason
for their willingness to contribute to mangrove rehabilitation.
This argument is accordance with Stone et al. (2008), who on
investigating the community willingness to contribute toward
mangrove restoration among different user groups, fishermen
and agriculture, in India, found that each user group was willing
to make substantial contribution of labour and/or cash based
on the economic value of perceived benefits of mangroves.
For instance, their study showed that fishermen were strongly
motivated by the perception that mangroves contribute to fish
nurseries and that mangroves serve as an alternative source
of income. This argument was further supported by Hai et al.
(2020) who stated that some of the key community motivations
for the development of mangrove restoration programs included
perception of the ecosystem and economic benefits provided
from mangroves. However, most of the interviewees preferred to
contribute in labour, which may reflect the low income of most
of the families in Quelimane.
The offers of labour and money committed for restoration
varied a lot across the villages which may be an indication of
the differences in wages and expenses of each household. The
preference in contributing labour could be explained by the fact
that most of the interviewees have low income; and according
to Rezende et al. (2015) labour is the preferable contribution
to mangrove rehabilitation among the low-income households.
So, the few (22.5%) that preferred to contribute money may
be people engaged in activities that give them a relatively high
income, or employees whose nature of work does not spare them
time to contribute in labour. In fact, in the occupation profile of
the interviewees (Figure 2f), the combined small business and
others makes up about 21.8% of the occupational profile of
the interviewees, which is close to the proportion of those that
preferred to offer money for rehabilitation of mangroves.
5.5 Management measures and rules of the estuarine
ecosystems
People interviewed were well aware of the management and
rules on fisheries and mangroves. This may be due to awareness
campaigns undertaken by the government, academia and NGO’s.
In the early 90’s the government shifted from centralized planning
and decision making to market economy and participatory decision
making. In the fisheries sector a co-management of fisheries
and local governance institutions, or the community councils
of fisheries (CCPs), involving the community and fishermen, was
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created along the coast (Blythe et al., 2013; Menezes et al. 2009).
Co-management had massive support from the communities for
various reasons. It targeted the poorest groups (Menezes et al.,
2011); under this system, the government initiated a massive
programme of developing coastal fisheries, enhancing economic
productivity and placing an increasing emphasis on poverty
alleviation. It proved to be an effective mechanism for conflict
resolution; the outcome of the co-management arrangements
in terms of natural resource stewardship, management system
resilience, equity and efficiency was evident to all the stakeholders
(Sverdrup-Jensen e Raakjær-Nielsen, 1998). Further, the comanagement system allowed the stakeholders (fishermen and
community) to work together and support each other, as well as
working with the government, which gave them additional benefits
including building consensus and resilience to cope better with
the impacts of adverse socio-economic stresses (Menezes et al.,
2011). In addition, the various regulations that included a ban on
small mesh nets, establishment of a close season and a closed
area were also supported by local communities because, apart
from being well formulated and relevant as noted by Darkey e
Turatsinze (2014), they were well-advertised and the communities
soon noticed their benefits (McClanahan et al., 2013; Wilson,
2012), though compliance was a challenge (Darkey e Turatsinze,
2014).
Regarding mangrove management, the interviewees were aware
of the rules against cutting mangroves which were laid down
in a set of laws and regulations. The Forestry and Wildlife Law
(Decree 12/2002 of 6 June), declares mangrove species to be
protected, and hence no cutting of mangroves is allowed. The
General Regulations for Aquaculture (Decree 35/2001, of 13
November), prohibit the transformation of mangrove lands for the
installation of aquaculture facilities; or obliges compensation by
replacement in another area. The Law of Territorial Planning (Law
18/1997, of 18 July), establishes the needs of the community and
the protection of fragile ecosystems, such as mangrove forests,
coastal areas and the seafront. The wide awareness of these
laws by the community may be due to the awareness campaigns
undertaken by Government officials and technicians, academia
and NGO’s. In Icidua, a suburb of Quelimane, several activities of
mangrove reforestation were undertaken with the involvement of
community.
It was not surprising that only an insignificant portion of the
interviewees were aware of the traditional rules. The guardians of
traditional rules are usually older people, and often regarded as
mystics, and so the young people and urbanized society may not
be aware of these rules.
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6. CONCLUSIONS
The result of the present study has re-emphasized the role of
the estuary in providing goods and services that sustain a large
proportion of the people living on it. People valued the estuarine
ecosystem for the use and benefit they get from it. Hence, high
value was placed on fisheries, agriculture and forest products.
There was a significant proportion of people that placed no value
on the estuary for providing clean water, clean air, wildlife and
tourism, probably because they were not yet benefitting from these
uses. The community was aware of the ecological importance of
mangroves to the extent of committing time in labour and cash for
their restoration. The prohibition of small mesh nets and a close
season were the most common management measures for fishers,
whereas for forest product users the no mangrove cutting was
the major management measures of concern. Co-management
was the governance system widely known, supported by the
interviewees and applied.
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