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Abstract
During the Early Holocene, the sea invaded the 
Portuguese coastal lowlands allowing the occurrence 
of wide gulfs close to 5400BP. At that period, the 
deceleration of sea rise-levels accompanied by the 
acceleration of sedimentation rates, allowed the 
formation of naturally confined lagoons behind 
distinctively detritic barriers. Intense deforestation 
and agricultural occupation of soils subsequently 
allowed these barriers to be gradually eroded, 
infilling the lagoons, estuaries and mouths of the 
rivers. During the Islamic occupation, fast sailboats 
still navigated up-rivers. Fishing communities lived 
in “calm waters” only venturing into the ocean after 
the 15th century, when lagoons’ silting became 
irreversible. 
During the 11th century, there were still dozens of 
ports, that do not exist any more. In the 12th century, 
several lagoons were already completely closed, 
some of which were located far from the sea and 
consequently transformed into agricultural lands. 
Most of the numerous existent ports then 
disappeared and the rivers were no longer navigable. 
These events had strong repercussions. The coast 
line became the main area for habitation by inland 
population whose villages had since themselves 
become important ports. Islands, such as Baleal and 
Peniche, became peninsulas with sandy isthmuses. 
Relevant changes in coastal morphology and in 
human occupation are thus analysed. 

Key words: Portugal, coast, morphology, lagoons, 
human occupation 

1. Introduction
Several lagoons are located along the Portuguese 
coastline. They are environments of a constant 
natural evolution that have had major changes in the 
past with great impacts on the population’s life. The 
aim of this paper is to present the evolution of some 
of  these lagoons, particularly the ones located North 
of Lisbon, between Caldas da Rainha and Nazaré 
(fig. 1), mainly according to the previously 
published approaches by Blot, (2003) Freitas (1989), 
Freitas et al. (1992, 1998, 2002, 2003) ,Henriques et 
al. (2002), Dias (2006), Dias et.al (2000), (Dinis, 
1990, 2004), Dinis et al, (2006), Henriques (1992), 

Henriques and Dinis (2005) and Henriques at al (2002). 

Fig. 1 - Geomorphological map of the coastal area 
between Nazaré and Peniche, including the Caldas da 
Rainha diapir valley (m asl - metres above sea level; 

Dinis et al, 2006). 

This study aims to offer details of the vast 
environmental and morphological changes that have 
taken place in a coastal region since the Middle 
Holocene. Clearly these changes have been imposed by 
anthropogenic activities since the Middle Ages because 
of the presence of human communities. This study will 
show how human activities, such as agriculture and 
urban implantations, conditioned the coastal profile and 
changed the use of lands, and how periods of population 
growth had an impact on the development of agriculture 
through deforestation and consequently enhanced 
sediment availability in coastal areas. This is 
particularly obvious in sheltered locations such as 
estuaries and lagoons (e.g. Dabrio et al., 2000; Komar et 
al., 2004). By contrast, periods of demographic 
recession, allow forest expansion and a regaining of 
natural vegetation. 

2. Regional Framework 
2.1. Geology and Geomorphology 
The origin of the depressions of most of the lagoons this 
paper describes is a diapiric structure called the “Caldas 
da Rainha Diapir” (fig. 2), located in the Caldas da 
Rainha Valley. It corresponds to the fractured nucleus 
of a fold, associated with a Late Hercynian fault, and 
with the occurrence of three phases of intensive 
diapirism. It was during the third diapiric phase, 
resulting from the Upper Miocene compressive Betic 
paroxysm transgression (Canérot et al., 1995; Dinis, 
2004), that the main present geomorphologic features 
were defined. This depression is the most important 
geomorphological aspect of the region owing to the 
coast, the originality of its genesis, topography, 
proximity and parallel position. From the inside of the 
fold’s nucleus a plastic formation ascended, Hettangian 
in age, and composed of “Margas de Da Gorda” marls, 
salty clays and marls alternating with dolomitic 
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limestones (Zbyszewski, 1959). These rocks (or this 
formation) became exposed to erosion during the 
Würm glaciation when the sea level was about 130 
to 140m below the present level causing the 
extensive depressions. 
Due to the high energy of the tides, this swell-
dominated stretch of coast is fully exposed to waves 
generated far in the Atlantic, thus producing, from 
the North of Nazaré, an intense southward shore-
long drift. As the coast between Nazaré and Peniche 
is nearly perpendicular to the prevailing swell, 
sediment bypassing the Nazaré promontory is 
captured by, and mostly lost into, the Nazaré canyon 
(Duarte et al, 2000). Therefore, the sediment supply 
in this area is mostly local and supplied by the 
erosion of the nearby detrital rocks. The coast, 
between Nazaré and Óbidos, is linear and smooth 
only interrupted by the outlet of the Alcôa stream 
(presently stabilized by the Nazaré harbour) and the 
lagoons of S. Martinho do Porto and Óbidos (fig. 1). 
Further south, approximately between S. Martinho 
do Porto and Peniche, sea agents work to cut scarped 
cliffs into the existent beach-dune system. (Dinis et 
al, 2006). 
In some places to the West, the steep flanks of the 
diapir act as high abrupt cliffs (above 100m between 
the Nazaré and the Óbidos lagoon) carved by 
erosional gorges that establish communication with 
the interior of the depression and insure proper 
drainage (Henriques and Dinis, 2005). The Alcôa 
River (Pederneira) and the drainage channels of S. 
Martinho do Porto and Óbidos watersheds are 
examples of this aspect. 
NW-SE faults that cut the rocky elevations and 
traverse the diapiric structure are responsible for the 
hills built in Mesozoic rocks, separating S. Martinho 
do Porto and Pederneira lagoons from the ocean and 
controlling the Óbidos lagoon inlet (Dinis et al, 
2006; fig. 3).  

Fig. 2 - Diapiric structure of Caldas da Rainha 
(Dinis, 1990). 

Fig. 3 - The studied region, focused in the Caldas da 
Rainha diapir valley. A: Location. B: Main structural 

features and synthetic geology (Dinis et al, 2006) 

2.2. Evolution of the Coast 
During the last post glacial levels that occurred after the 
Last Glacial Maximum (LGM), about 18,000 years, 
deglaciation made the sea level rise very fast reaching -
40m (Dias et al., 2000). In the coast of Central Portugal 
three lagoons were originated (Pederneira, Óbidos, S. 
Martinho do Porto/Alfeizerão; fig. 3) by the flooding of 
diapiric-related depressions (fig. 1; Dinis et al, 2006) 
enabling the occurrence of wide gulfs. In the Middle 
Holocene (5000 to 4000 years ago), due to the 
deceleration of sea rise-levels, the increase of 
sedimentation rates and the existing narrow inlets in the 
rocky basement (Pederneira and Alfeizerão), detrital 
barriers formed and the lagoons silted up intensively, 
especially by the end of the twelfth century, changing 
the fluvial-marine sedimentation from estuaries (fig. 4; 
Dias et al., 2000). Ancient lagoons were transformed in 
agriculture lands away from the coast. The S. Martinho 
do Porto lagoon is a relict of the former Alfeizerão 
lagoon and Pederneira is totally silted up (Dinis et al, 
2006) as a result. 
Since then, the non-eustatic factors, namely the 
terrigenous sediment supply rate and the dynamics of 
barriers and spits’ systems, became dominant in the 
evolution of the near shore morphology. Anthropogenic 
activities, namely deforestation and land cultivation 
contributed decisively to the positive sedimentary 
balance in the Portuguese coastal zone from the 
fifteenth century onwards (Dinis et al, 2006). 
The multiple damming of the major rivers in the 
twentieth century and the exploitation of sand and 
gravel from the river beds, led to coastal sediment 
starvation and general shoreline retreat. 
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Fig. 4 - Shore line evolution along the Portuguese 
coasts since the Last Glacial Maximum (LGM ~ 

18 ky. In Dias et al, 2000). 

2.3 Human occupation 
The Iberian Peninsula was inhabited by people of 
various tribes and origins many millennia before the 
Christian era. Those people clustered mainly around 
the highlands or, even more frequently, near the 
large estuaries, bays or existing open rivers along the 
Atlantic coast of the Iberian Peninsula. As their 
survival depended on the natural resources – 
hunting, fishing, and wild fruit – they tended to 
settle down until these resources ran out or they 
were driven away due to natural phenomena or by 
fighting others over the same lots of land (Oliveira 
Marques, 1977). 
Tribes and cultures that crossed over and settled, 
even if only for a very short time, had somehow 
managed to leave their particular imprints all over 
the peninsula. Through such ancient signatures, it is 
now possible to reconstruct some of these primitive 
societies (Oliveira Marques, 1977). 
Due to abundance of rain-water, typical of such 
periods, much alluvial sediment was transported and 
deposited along the margins of the lagoons. 
Consequently, huge salt marshes were created 
offering excellent habitats for many shellfish species 
(Oliveira Marques, 1977). Those, in turn, constituted 
the daily meal for many of these the primitive 
inhabitants who consumed them in large quantities.  
This fact is attested by the existence of many shell 
middens (“concheiros”) in several places. Estuaries 

were rich sources of a great variety of fish and other 
marine fauna, such as cetaceans. 
According to Daveau (1988), “When the level of the sea 
waters rose again during the Holocene, deep rivers or 
estuaries formed, along which Mesolithic and Neolithic 
men settled, in a rapidly changing environment (...) by 
the alluvial infilling that was progressing, pushing 
downstream the limits of brackish water and the 
oscillation of the tide.”. 
When the Romans invaded the Iberian Peninsula in the 
second century BC, they found the Lusitanian Atlantic 
coastal belt populated, mainly next to and around, the 
bays and ports in many of the river mouths flowing into 
the Atlantic. As a result of their effort to centralize 
administration, civilize and pacify the tribes, they built a 
vast network of roads, forever linking regions that were 
more or less isolated until then, through a rather 
complex system of communications. In particular, the 
building of a south-north road lead to the outbreak and 
development of new towns and consequently new 
economic life. Along that particular road, and 
intersecting with the waterways, urban centres of greater 
importance formed in this region during Roman times 
and also during many periods of the Middle Ages 
(Cortesão, 1966). These Roman enterprises lead to an 
increase in continental erosion allowing the 
progradation of coastline (Oliveira Marques, 1977). 
The Black Death, that reached Portugal in 1348, had 
dramatic effects on the demographics of the entire 
place. The country as a whole witnessed a drastic 
reduction in population, with consequences impacting 
rural and fishing-based economies quite badly. There 
were villages where a loss of about 90% of its 
population was recorded (Lobo, 1903 in Marques, 
1977). 
During the Islamic occupation, fast sailboats still 
navigated upriver with fresh fish and seafood, fruit and 
vegetables. Navigation out of the barrier was practically 
non-existent and few ventured into the ocean. Fishing 
communities lived in areas of “calm waters” only 
venturing into the ocean after the fifteenth century, 
when the lagoons’ silting became irreversible. Since 
then, sea retreat caused the total or partial emersion of 
these extensive areas which disappeared or were 
substantially reduced especially after the Christian 
reconquest. In fact, some of the lagoons were already 
completely closed in the twelfth century and as they 
were positioned far from the sea, they were transformed 
into agricultural lands. Most of the numerous existent 
ports disappeared then and the rivers were no longer 
navigable. 
To exemplify these aspects, four examples will be 
described: Pederneira, Óbidos, São Martinho do 
Porto/Alfeizerão and Atouguia, all located in the 
Atlantic coast of Central Portugal. 

3. The evolution of the coastal lagoons and 
their relation to human occupation 
3.1. Pederneira Lagoon 
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In the Late Neolithic, the docking Complex of the 
Pederneira Lagoon reached Cós, Maiorga and 
bordered Valado and Famalicão. The extensive flat 
area that is today the Cela/Valado dos Frades and the 
Maiorga floodplain were once occupied by an 
estuary that gradually became a lagoon called the 
“Lagoa da Pederneira” (Fig. 5). 

Fig. 5 - Alluvial plain of the Old Pederneira Lagoon 
(3D Google view) 

The Pederneira Port, also known as “Gemo 
Petronero” or “Pederneira Gulf” in medieval maps, 
was a fishing village since the twelfth century and is 
a good example of the total disappearance of 
lagoons. It was an “inland sea” and the fishing in the 
lagoon was the village’s wealth, being one of the 
most important sea ports of the Alcobaça 
Monastery’s protected lands by the end of the 
fifteenth century. 
During the era of the Portuguese Discoveries, 
Pederneira was one of the Kingdom’s busiest ports. 
It was the spot wherefrom many vessels and caravels 
departed, and much wood, from nearby forests, were 
sent to the capital and overseas (fig. 6). 

Fig. 6 - Evolution of Pederneira Lagoon over the 
centuries (Dias, 2006) 

The increased deforestation, mainly for naval 
construction in order to facilitate exploration, and 
the intensified agricultural occupation of soils, both 
led to the erosion of these lands, infilling the 
lagoons, estuaries and river mouths. The port 

became more and more restricted, fed only by fresh 
water and fluvial input. 
During the fifteenth century, Cistercian monks staged a 
massive dredging action of the sand dunes that blocked 
access from the extinct Pederneira Lagoon to the 
Atlantic Ocean. However, this phenomenon was 
irreversible and during the mid sixteenth century, the 
Pederneira lagoon lost contact with the sea and began to 
wane. 
Around 1760, a new wave of fishermen came to 
Pederneira bringing with them new fishing nets and 
techniques, thus leading to a new increase in population 
as well as in the fishing activity. However, the shedding 
of ship ballasts led to the closing up of the fluvial 
mouths. This practice was severely punished in 1775 
and places set up for this purpose were built (Dias, 
Rodrigues & Magalhães, 1997). By the end of the 
eighteenth century, the Pederneira port had disappeared, 
due to progressive distancing from the sea, and the 
silting of the lagoon, while the shaping of a new beach 
in Nazaré was progressing rapidly. After a long period 
of some negligence, Pederneira gradually recovered 
over the twentieth century. Quiet and pleasant, it is now 
an aware belvedere of the sea and the beach houses, a 
guardian of memories from ancient times. 

3.2. Alfeizerão Lagoon 
Presently located in the hinterland, in an agriculture 
exploitation valley, the Alfeizerão lagoon was formerly 
positioned on the coast and offered a privileged 
sheltered port of major importance. Just like Pederneira, 
Alfeizerão suffered the same vicissitudes over time (fig. 
7). 

Fig. 7 - Evolution of Alfeizerão Lagoon over 
time (Dias, 2006) 
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Abstract
During the Early Holocene, the sea invaded the 
Portuguese coastal lowlands allowing the occurrence 
of wide gulfs close to 5400BP. At that period, the 
deceleration of sea rise-levels accompanied by the 
acceleration of sedimentation rates, allowed the 
formation of naturally confined lagoons behind 
distinctively detritic barriers. Intense deforestation 
and agricultural occupation of soils subsequently 
allowed these barriers to be gradually eroded, 
infilling the lagoons, estuaries and mouths of the 
rivers. During the Islamic occupation, fast sailboats 
still navigated up-rivers. Fishing communities lived 
in “calm waters” only venturing into the ocean after 
the 15th century, when lagoons’ silting became 
irreversible. 
During the 11th century, there were still dozens of 
ports, that do not exist any more. In the 12th century, 
several lagoons were already completely closed, 
some of which were located far from the sea and 
consequently transformed into agricultural lands. 
Most of the numerous existent ports then 
disappeared and the rivers were no longer navigable. 
These events had strong repercussions. The coast 
line became the main area for habitation by inland 
population whose villages had since themselves 
become important ports. Islands, such as Baleal and 
Peniche, became peninsulas with sandy isthmuses. 
Relevant changes in coastal morphology and in 
human occupation are thus analysed. 
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1. Introduction
Several lagoons are located along the Portuguese 
coastline. They are environments of a constant 
natural evolution that have had major changes in the 
past with great impacts on the population’s life. The 
aim of this paper is to present the evolution of some 
of  these lagoons, particularly the ones located North 
of Lisbon, between Caldas da Rainha and Nazaré 
(fig. 1), mainly according to the previously 
published approaches by Blot, (2003) Freitas (1989), 
Freitas et al. (1992, 1998, 2002, 2003) ,Henriques et 
al. (2002), Dias (2006), Dias et.al (2000), (Dinis, 
1990, 2004), Dinis et al, (2006), Henriques (1992), 

Henriques and Dinis (2005) and Henriques at al (2002). 

Fig. 1 - Geomorphological map of the coastal area 
between Nazaré and Peniche, including the Caldas da 
Rainha diapir valley (m asl - metres above sea level; 

Dinis et al, 2006). 

This study aims to offer details of the vast 
environmental and morphological changes that have 
taken place in a coastal region since the Middle 
Holocene. Clearly these changes have been imposed by 
anthropogenic activities since the Middle Ages because 
of the presence of human communities. This study will 
show how human activities, such as agriculture and 
urban implantations, conditioned the coastal profile and 
changed the use of lands, and how periods of population 
growth had an impact on the development of agriculture 
through deforestation and consequently enhanced 
sediment availability in coastal areas. This is 
particularly obvious in sheltered locations such as 
estuaries and lagoons (e.g. Dabrio et al., 2000; Komar et 
al., 2004). By contrast, periods of demographic 
recession, allow forest expansion and a regaining of 
natural vegetation. 

2. Regional Framework 
2.1. Geology and Geomorphology 
The origin of the depressions of most of the lagoons this 
paper describes is a diapiric structure called the “Caldas 
da Rainha Diapir” (fig. 2), located in the Caldas da 
Rainha Valley. It corresponds to the fractured nucleus 
of a fold, associated with a Late Hercynian fault, and 
with the occurrence of three phases of intensive 
diapirism. It was during the third diapiric phase, 
resulting from the Upper Miocene compressive Betic 
paroxysm transgression (Canérot et al., 1995; Dinis, 
2004), that the main present geomorphologic features 
were defined. This depression is the most important 
geomorphological aspect of the region owing to the 
coast, the originality of its genesis, topography, 
proximity and parallel position. From the inside of the 
fold’s nucleus a plastic formation ascended, Hettangian 
in age, and composed of “Margas de Da Gorda” marls, 
salty clays and marls alternating with dolomitic 

During Roman times it was an important sea port. 
Vessels sailed from it on long distance voyages over 
the Atlantic as well as on short distance trips 
between local inland ports located along the coast or 
along the rivers (Blot, 2003). This important sea port 
was navigable until the sixteenth century, from the 
present S. Martinho do Porto bay to the present 
Alfeizerão lagoon which corresponds to the last 
vestiges of a large ancient gulf. The S. Martinho do 
Porto was mainly a fishing village established in the 
thirteenth century by the Santa Maria Monastery 
monks. It survives nowadays as a touristic spot, 
increasing the number of inhabitants from 3200 to 
50,000 during the summer months. 
In the sixteenth century the Alfeizerão sea port was 
the main shipyard in the region and could lodge 80 
high board ships (Gonçalves, 1989) and used for the 
loading and unloading of goods. By the seventeenth 
century, due to the extreme silting, vessels no longer 
sailed from there. However, in the eighteenth 
century, the S. Martinho bay still harboured caravels 
and other vessels. Because of the lethal silting, the 
sea port of Alfeizerão was relocated to Salir, closer 
to the ocean, enabling Alfeizerão to be today a 
peaceful village of a recent hinterland (Blot, 2003). 

3.3. Atouguia da Baleia Lagoon 
Atouguia da Baleia, once called Tauria in ancient 
times, is nowadays situated away from the sea in the 
interland. It was once considered the biggest and the 
most important commercial ports North of Lisbon 
due to the rentable fishing activity based on whaling, 
and an obligatory anchorage point to all seamen who 
sailed along the Atlantic coast to fish or trade their 
products (J.F.A.B., 2008).  
Quite similar to the above mentioned examples, 
silting caused the extinction of this ancient seaport. 
It had lead  to the formation of a tombolo which 
became the isthmus connecting Peniche to the 
continent by extending  the bay on the south coast of 
Peniche. From a natural harbour, triangular in form, 
and ship quay, it eventually turned into a port with 
its own facilities formed by the extension of a dune 
belt and filled by silting of a mouth of deltaic type 
(Souto, 1923). 
As a consequence of the formation of the Peniche 
and Baleal isthmus, the medieval port of Atouguia 
became inactive and was located far from the coast 
(Souto, 1923; Martins, 1946; Castelo-Branco, 1957; 
Calado, 1994). New environmental conditions, 
resulting from these changes, lead to settling close to 
the sea because of fishing, salt and marine algae 
extraction, maritime commerce and transport, dock 
activities and naval construction. These events had 
strong repercussions on the distribution of people; 
therefore Nazaré and Peniche, by accommodating 
the lake people, became important ports. 
The littoralisation is particularly evident north of 
Lisbon and in the Algarve, recording in almost all of 
these regions’ municipalities a population exceeding 

100 inhabitants/km². The coast became, until today, the 
main inhabited area occupied by inland people. In 
recent decades, the contrast between the Atlantic coast 
and the hinterland is even more evident, with a higher 
concentration of the population in the urban areas of 
Lisbon and Oporto and on the coast (in 2001, more than 
a quarter (25.7%) of the residents concentrated in the 
Lisbon region, a ratio corresponding to about a sixth in 
the early sixties). 
Atouguia da Baleia is nowadays a pleasant touristic 
village, 

3.4. Óbidos Lagoon 
The Óbidos Lagoon is a coastal system on the western 
Portuguese coast (fig. 8), connected to the sea by a 
narrow, shallow and movable inlet. 
It is a small and shallow coastal lagoon with a surface 
area of 7km2 and a 2m average depth (VÃO, 1991). The 
Lagoon consists of two regions, with distinct 
morphological hydrodynamic characteristics and 
different velocities of the water inflow: the lower lagoon 
connected with the Atlantic Ocean (Carvalho et al., 
2006) and composed of several channels and the 
upperone, consisting of a shallow basin, elongated 
branches and a small embayment in the south (Malhadas 
et al, 2009). 
Its location is controlled by surface subsidence related 
with deep-seated salt withdrawal (Dinis et al, 2006). It 
is the remains of an extensive sea branch that extended 
for several kilometres to the Town of Óbidos. Proving  
this fact are the various oyster shells and marine 
remains found near the castle hill. Historical files record 
that in 1790 the waters from the lagoon covered the 
fields between the Sobral and Arelho hills (fig. 9) and, 
that in 1826, the Court used to embark in Santa Rufina 
for the hunting season, testifying that this area was still 
navigable. 
The lagoon’s surface was reduced to a third of its 
maximum dimension since the fourteenth century (Dinis 
et al, 2003). From the end of the sixteenth to the mid 
eighteenth century, the limit between the Óbidos lagoon 
and the upstream swampy valleys should have shifted 
from about 3.5 to 2.5km south of its current location 
(Henriques, 1992; Trindade, 2001). It is noteworthy that 
between the end of the fourteenth and beginning of the 
seventeenth centuries almost half of the royal hunting 
grounds around this lagoon changed into a regular 
forest, exposed to agriculture and wood cutting 
pressures and in 1474 the King allowed the cutting of 
timber in the domains of abbeys (Devy-Vareta, 1986). 
Furthermore, the earliest documentary record 
accounting for the need of frequent barrier breaching 
and forcing its artificial opening, dates from the end of 
the fourteenth century (Freitas, 1989; Trindade, 2001). 
However, it seems that relatively large ships were built 
in the lagoon in the early sixteenth century (Gorjão, 
1999). 
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limestones (Zbyszewski, 1959). These rocks (or this 
formation) became exposed to erosion during the 
Würm glaciation when the sea level was about 130 
to 140m below the present level causing the 
extensive depressions. 
Due to the high energy of the tides, this swell-
dominated stretch of coast is fully exposed to waves 
generated far in the Atlantic, thus producing, from 
the North of Nazaré, an intense southward shore-
long drift. As the coast between Nazaré and Peniche 
is nearly perpendicular to the prevailing swell, 
sediment bypassing the Nazaré promontory is 
captured by, and mostly lost into, the Nazaré canyon 
(Duarte et al, 2000). Therefore, the sediment supply 
in this area is mostly local and supplied by the 
erosion of the nearby detrital rocks. The coast, 
between Nazaré and Óbidos, is linear and smooth 
only interrupted by the outlet of the Alcôa stream 
(presently stabilized by the Nazaré harbour) and the 
lagoons of S. Martinho do Porto and Óbidos (fig. 1). 
Further south, approximately between S. Martinho 
do Porto and Peniche, sea agents work to cut scarped 
cliffs into the existent beach-dune system. (Dinis et 
al, 2006). 
In some places to the West, the steep flanks of the 
diapir act as high abrupt cliffs (above 100m between 
the Nazaré and the Óbidos lagoon) carved by 
erosional gorges that establish communication with 
the interior of the depression and insure proper 
drainage (Henriques and Dinis, 2005). The Alcôa 
River (Pederneira) and the drainage channels of S. 
Martinho do Porto and Óbidos watersheds are 
examples of this aspect. 
NW-SE faults that cut the rocky elevations and 
traverse the diapiric structure are responsible for the 
hills built in Mesozoic rocks, separating S. Martinho 
do Porto and Pederneira lagoons from the ocean and 
controlling the Óbidos lagoon inlet (Dinis et al, 
2006; fig. 3).  

Fig. 2 - Diapiric structure of Caldas da Rainha 
(Dinis, 1990). 

Fig. 3 - The studied region, focused in the Caldas da 
Rainha diapir valley. A: Location. B: Main structural 

features and synthetic geology (Dinis et al, 2006) 

2.2. Evolution of the Coast 
During the last post glacial levels that occurred after the 
Last Glacial Maximum (LGM), about 18,000 years, 
deglaciation made the sea level rise very fast reaching -
40m (Dias et al., 2000). In the coast of Central Portugal 
three lagoons were originated (Pederneira, Óbidos, S. 
Martinho do Porto/Alfeizerão; fig. 3) by the flooding of 
diapiric-related depressions (fig. 1; Dinis et al, 2006) 
enabling the occurrence of wide gulfs. In the Middle 
Holocene (5000 to 4000 years ago), due to the 
deceleration of sea rise-levels, the increase of 
sedimentation rates and the existing narrow inlets in the 
rocky basement (Pederneira and Alfeizerão), detrital 
barriers formed and the lagoons silted up intensively, 
especially by the end of the twelfth century, changing 
the fluvial-marine sedimentation from estuaries (fig. 4; 
Dias et al., 2000). Ancient lagoons were transformed in 
agriculture lands away from the coast. The S. Martinho 
do Porto lagoon is a relict of the former Alfeizerão 
lagoon and Pederneira is totally silted up (Dinis et al, 
2006) as a result. 
Since then, the non-eustatic factors, namely the 
terrigenous sediment supply rate and the dynamics of 
barriers and spits’ systems, became dominant in the 
evolution of the near shore morphology. Anthropogenic 
activities, namely deforestation and land cultivation 
contributed decisively to the positive sedimentary 
balance in the Portuguese coastal zone from the 
fifteenth century onwards (Dinis et al, 2006). 
The multiple damming of the major rivers in the 
twentieth century and the exploitation of sand and 
gravel from the river beds, led to coastal sediment 
starvation and general shoreline retreat. 

Fig. 8 – Óbidos lagoon. Google map view in 2009. 

The comparison of successive maps from 1867 to 
the present, shows a reduction of the lagoon surface, 
mainly in both inner branches, with an average 
annual sedimentation rate of 1.2 cm/year between 
1917 and 1980 (Freitas, 1989). Empirical 
quantification of soil loss in the watershed yields 
potential accumulation rates in the range of 0.5-2.4 
cm/year 

Fig. 9 - Hydrographic map of Óbidos Lagoon, in 
1890. Scale 1/40.000 (S.G.P. 1915) 

4. Conclusions 
Dozens of ports reported in literature, existing in the 
Portuguese coast, are now extinct by the progressive 
silting that occurred since the twelfth century but, 
mostly, after the sixteenth century through 
deforestation and consequent soil erosion. For 
reference, in the SW sector of the Portuguese coast, 
south of the Tagus River, there are other similar 
cases of lagoons, such as Albufeira, Santo André, 
Melides and Faro (in the Algarve) which have been 
studied by several Portuguese authors (Freitas, 1989; 
Freitas and Andrade, 1998; Bao et al., 1999; Freitas 
et al., 2002, 2003; Blot, 2003). 

New coastal features like barriers, spits and lagoons 
developed after 4000 to 5000 years BP at the time when 
the rates of sea level rise were strongly attenuated and 
subsequently became more dependent on local factors 
than on the eustatic ones. The increase in continental 
erosion during the Roman times (ca 2ky BP) led to the 
progradation of coastline. After the twelfth century and 
as a consequence of deforestation and other anthropic 
activities, the progressive silting, due to erosion, lead to 
the infilling of the depressions. Over time, these moved 
further and further away from the coast transforming 
themselves into hinterlands. These changes had a huge 
impact on populations living on the lagoon banks, 
having them migrate to the coast consequently creating 
new ports and beaches. Due to the reduction of the 
Portuguese fleet, fishing villages developed in last 
decades becoming important touristic sites. 
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Fig. 4 - Shore line evolution along the Portuguese 
coasts since the Last Glacial Maximum (LGM ~ 

18 ky. In Dias et al, 2000). 

2.3 Human occupation 
The Iberian Peninsula was inhabited by people of 
various tribes and origins many millennia before the 
Christian era. Those people clustered mainly around 
the highlands or, even more frequently, near the 
large estuaries, bays or existing open rivers along the 
Atlantic coast of the Iberian Peninsula. As their 
survival depended on the natural resources – 
hunting, fishing, and wild fruit – they tended to 
settle down until these resources ran out or they 
were driven away due to natural phenomena or by 
fighting others over the same lots of land (Oliveira 
Marques, 1977). 
Tribes and cultures that crossed over and settled, 
even if only for a very short time, had somehow 
managed to leave their particular imprints all over 
the peninsula. Through such ancient signatures, it is 
now possible to reconstruct some of these primitive 
societies (Oliveira Marques, 1977). 
Due to abundance of rain-water, typical of such 
periods, much alluvial sediment was transported and 
deposited along the margins of the lagoons. 
Consequently, huge salt marshes were created 
offering excellent habitats for many shellfish species 
(Oliveira Marques, 1977). Those, in turn, constituted 
the daily meal for many of these the primitive 
inhabitants who consumed them in large quantities.  
This fact is attested by the existence of many shell 
middens (“concheiros”) in several places. Estuaries 

were rich sources of a great variety of fish and other 
marine fauna, such as cetaceans. 
According to Daveau (1988), “When the level of the sea 
waters rose again during the Holocene, deep rivers or 
estuaries formed, along which Mesolithic and Neolithic 
men settled, in a rapidly changing environment (...) by 
the alluvial infilling that was progressing, pushing 
downstream the limits of brackish water and the 
oscillation of the tide.”. 
When the Romans invaded the Iberian Peninsula in the 
second century BC, they found the Lusitanian Atlantic 
coastal belt populated, mainly next to and around, the 
bays and ports in many of the river mouths flowing into 
the Atlantic. As a result of their effort to centralize 
administration, civilize and pacify the tribes, they built a 
vast network of roads, forever linking regions that were 
more or less isolated until then, through a rather 
complex system of communications. In particular, the 
building of a south-north road lead to the outbreak and 
development of new towns and consequently new 
economic life. Along that particular road, and 
intersecting with the waterways, urban centres of greater 
importance formed in this region during Roman times 
and also during many periods of the Middle Ages 
(Cortesão, 1966). These Roman enterprises lead to an 
increase in continental erosion allowing the 
progradation of coastline (Oliveira Marques, 1977). 
The Black Death, that reached Portugal in 1348, had 
dramatic effects on the demographics of the entire 
place. The country as a whole witnessed a drastic 
reduction in population, with consequences impacting 
rural and fishing-based economies quite badly. There 
were villages where a loss of about 90% of its 
population was recorded (Lobo, 1903 in Marques, 
1977). 
During the Islamic occupation, fast sailboats still 
navigated upriver with fresh fish and seafood, fruit and 
vegetables. Navigation out of the barrier was practically 
non-existent and few ventured into the ocean. Fishing 
communities lived in areas of “calm waters” only 
venturing into the ocean after the fifteenth century, 
when the lagoons’ silting became irreversible. Since 
then, sea retreat caused the total or partial emersion of 
these extensive areas which disappeared or were 
substantially reduced especially after the Christian 
reconquest. In fact, some of the lagoons were already 
completely closed in the twelfth century and as they 
were positioned far from the sea, they were transformed 
into agricultural lands. Most of the numerous existent 
ports disappeared then and the rivers were no longer 
navigable. 
To exemplify these aspects, four examples will be 
described: Pederneira, Óbidos, São Martinho do 
Porto/Alfeizerão and Atouguia, all located in the 
Atlantic coast of Central Portugal. 

3. The evolution of the coastal lagoons and 
their relation to human occupation 
3.1. Pederneira Lagoon 
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In the Late Neolithic, the docking Complex of the 
Pederneira Lagoon reached Cós, Maiorga and 
bordered Valado and Famalicão. The extensive flat 
area that is today the Cela/Valado dos Frades and the 
Maiorga floodplain were once occupied by an 
estuary that gradually became a lagoon called the 
“Lagoa da Pederneira” (Fig. 5). 

Fig. 5 - Alluvial plain of the Old Pederneira Lagoon 
(3D Google view) 

The Pederneira Port, also known as “Gemo 
Petronero” or “Pederneira Gulf” in medieval maps, 
was a fishing village since the twelfth century and is 
a good example of the total disappearance of 
lagoons. It was an “inland sea” and the fishing in the 
lagoon was the village’s wealth, being one of the 
most important sea ports of the Alcobaça 
Monastery’s protected lands by the end of the 
fifteenth century. 
During the era of the Portuguese Discoveries, 
Pederneira was one of the Kingdom’s busiest ports. 
It was the spot wherefrom many vessels and caravels 
departed, and much wood, from nearby forests, were 
sent to the capital and overseas (fig. 6). 

Fig. 6 - Evolution of Pederneira Lagoon over the 
centuries (Dias, 2006) 

The increased deforestation, mainly for naval 
construction in order to facilitate exploration, and 
the intensified agricultural occupation of soils, both 
led to the erosion of these lands, infilling the 
lagoons, estuaries and river mouths. The port 

became more and more restricted, fed only by fresh 
water and fluvial input. 
During the fifteenth century, Cistercian monks staged a 
massive dredging action of the sand dunes that blocked 
access from the extinct Pederneira Lagoon to the 
Atlantic Ocean. However, this phenomenon was 
irreversible and during the mid sixteenth century, the 
Pederneira lagoon lost contact with the sea and began to 
wane. 
Around 1760, a new wave of fishermen came to 
Pederneira bringing with them new fishing nets and 
techniques, thus leading to a new increase in population 
as well as in the fishing activity. However, the shedding 
of ship ballasts led to the closing up of the fluvial 
mouths. This practice was severely punished in 1775 
and places set up for this purpose were built (Dias, 
Rodrigues & Magalhães, 1997). By the end of the 
eighteenth century, the Pederneira port had disappeared, 
due to progressive distancing from the sea, and the 
silting of the lagoon, while the shaping of a new beach 
in Nazaré was progressing rapidly. After a long period 
of some negligence, Pederneira gradually recovered 
over the twentieth century. Quiet and pleasant, it is now 
an aware belvedere of the sea and the beach houses, a 
guardian of memories from ancient times. 

3.2. Alfeizerão Lagoon 
Presently located in the hinterland, in an agriculture 
exploitation valley, the Alfeizerão lagoon was formerly 
positioned on the coast and offered a privileged 
sheltered port of major importance. Just like Pederneira, 
Alfeizerão suffered the same vicissitudes over time (fig. 
7). 

Fig. 7 - Evolution of Alfeizerão Lagoon over 
time (Dias, 2006) 
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