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Abstract

People have lived along the Portuguese coast
at least since Marine Isotope Stage (MIS) 5,
over 100,000 years ago. While there are many
known sites and archaeological evidence of
human settlement on land, there are only a
handful of known submerged or near-
submerged locations, and these are all in the
present-day intertidal zone. Throughout the
period, diet was based on both terrestrial and
marine mammals as well as fish and shellfish.
This dietary regime was already in existence
when Neanderthals populated the region. It
appears that marine foods started to be used
more frequently when the first anatomically
modern humans arrived, some 33,000 years
ago. Among the Mesolithic people who lived
along the estuaries of the major rivers, marine
food frequently composed c. 50% of the diet.
With the introduction of agriculture, coastal
resources became less important, although
some submerged sites of Neolithic date testify
to habitation directly at the seashore. Despite
the current absence of known underwater pre-
historic sites, apart from those in the intertidal
zone, recent studies of offshore topography
have identified a number of areas with good
potential for archaeological prospection,
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including cliff lines with underwater caves
and drowned river valleys.
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14.1 Introduction

Portugal is a small country on the southwestern
limit of the European continent. With an area
slightly over 92,250 km?, it has a coastline that
exceeds 1000 km in extension. The long stretches
of ocean-exposed beaches are intersected by sev-
eral major estuaries, as well as extensive coastal
lagoons bordered by barrier islands. While there
are many important rivers that reach the Atlantic
coast, namely, the Douro, with its mouth in the
city of Porto, or the Guadiana that constitutes the
border between Portugal and Spain in the south,
there are two very large estuaries, the Tagus and
the Sado, forming large bodies of water many
square kilometres in area, with depths from 40 to
60 m and > 100 km in length. In addition, the
Portuguese coast has two important barrier-island
complexes, the Ria de Aveiro and Ria de Formosa
in Faro, respectively, 45 and 60 km long. The
continental shelf exposed during periods of
lowest sea level is relatively narrow—c.
20-50 km wide—with several deep canyons rep-
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resenting ancient river channels that would have
brought the coastline of the Last Glacial
Maximum to within a kilometre or two of the
modern coastline (Fig. 14.1; Moura et al. 2017).

Today, during the summer months mostly
around the southern coast, there is a very impor-
tant upwelling system (Fiuza 1983; Loureiro
et al. 2005). This system has produced a highly
rich and diverse biomass that has strongly
moulded the modern marine and coastal resources
of the Portuguese economy, including the highly
productive fish and shellfish industries. The
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Fig. 14.1 Map of Portugal showing distribution of sites.
Site information from the SPLASHCOS Viewer http://
splashcos-viewer.eu. Drawing by Moritz Mennenga

Portuguese upwelling, strong though it is today,
was three to seven times higher during the last
100,000 years of the Pleistocene (Abrantes 1990,
2000), making the Atlantic coast an extremely
rich and abundant food resource. Archaeological
evidence, examples of which are presented
below, testifies that the rich marine fauna was fre-
quently exploited by humans from the Middle
Palaeolithic period onwards and was likely fun-
damental for the development of the first human
societies in SW Europe (Bicho and Haws 2008).

At present, we have identified only six prehis-
toric underwater sites—these include fully sub-
merged as well as intertidal locations; three are
dated to the Middle Palaeolithic, one to the
Mesolithic and two to Neolithic occurrences.
These sites were originally open-air locations,
and those found in the intertidal zone are espe-
cially liable to destruction by wave action. Four
have been partially excavated, and three are still
part of ongoing projects in central and southern
Portugal.

14.2 Research History
and Archaeological Context

In 1879, Nery Delgado, a member of the National
Portuguese Geologic Commission, excavated the
cave site of Furninha (Fig. 14.1), located on the
Atlantic limestone cliff on the Peniche Peninsula
in central Portugal (Bicho and Cardoso 2010).
The cave entrance located some 5 m above the
modern sea level, with a 9-m-thick sequence,
gave one of the earliest Portuguese examples of
marine resource exploitation during the Middle
and Upper Palaeolithic (Delgado 1884). Since
then, other sites located usually within a few
metres of the modern sea level have been found
and have been excavated along the Portuguese
Atlantic coast. Probably the most notable case is
the cave of Figueira Brava (Antunes 2000a,
2000b), a Mousterian site some 30 km south of
the Tagus estuary where remains of marine spe-
cies such as dolphin and penguin were found as
part of the diet. The cave entrance is just a few
metres above modern sea level and might have
been opened during MIS Se.
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This trend of a component of marine and
aquatic resources as part of the human diet is also
present in many other sites, some further from the
coast. This is the case at Vale Boi (Bicho 2004;
Bicho and Haws 2008; Bicho 2015) in Algarve
near the Cape of St. Vincent, with collection of
shellfish, among other marine resources, starting
at least some 33,000 years ago, and the cave of
Picareiro (Bicho and Haws 2008), an inland site
some 70 km north of Lisbon with coastal fish and
shellfish remains starting during the Gravettian
28,000 years ago. These include clupeidae spe-
cies (possibly shad or sardine) as well as cockles,
clams and mussels (Bicho et al. 2003). In addi-
tion, proxy evidence is present at the Middle
Palaeolithic site of Mira Nascente, near Nazaré
(Benedetti et al. 2009; Haws et al. 2011). This
open-air site in a coastal sand dune is dated to c.
40 to 42,000 cal BP. Sedimentology indicates
that the site was located on the edge of a lake very
close to the shoreline. Use-wear analysis sug-
gests that the extremely well-preserved flint
assemblage was likely used for fish processing
(Haws et al. 2011).

During the Last Glacial Maximum, c. 25,000—
20,000 cal BP, sea level was as much as ¢. 130 m
lower than today (Lambeck et al. 2014), and the
habitable land extended as much as 10-50 km out
from the modern coastline. No trace of
Palaeolithic habitation in this deeply drowned
landscape is currently available. There are, most
likely, two main reasons for this: the lack of sys-
tematic surveys and a generally highly erosive
coastline due to the combined effect of waves,
currents and tides.

Another relevant element in the history of
coastal archaeological research in Portugal is the
Early and Middle Holocene timeframe. During
the Early Holocene, the Portuguese coast south
of the Nazaré canyon was the location for a large
number of coastal Epipalaeolithic and Mesolithic
sites both in Portuguese Estremadura (Sousa
2004; Aradjo 2009, 2012; Bicho et al. 2010;
Aragjo et al. 2014; Sousa and Soares 2016) and
southern Portugal (Carvalho 2008; Valente 2008;
Bicho 2009). Estuarine Mesolithic shell middens
have been known since 1863 in the Muge area in
the Tagus valley, some 60 km north-east of

Lisbon. The earliest occupations are dated to
before 6000 cal BC and are thought to be the con-
sequence of major coastal changes (Bicho et al.
2010) linked to the changing coastal morphology,
rapid sea-level rise and a dramatic drop in coastal
marine biomass and the so-called 8.2 ka cold
event (c. 8200 cal BP or c. 6200 cal BC) (Von
Grafenstein et al. 1998). These locations are rep-
resented by some of Europe’s largest shell mid-
dens with layers of marine shells up to 5 m thick.
These accumulated next to a contemporaneous
inlet in Muge and in Sado around 8000 years ago
(Umbelino 2006; Bicho et al. 2010; Peyroteo
Stjerna 2016). Stable isotope measurements of
bones of humans buried in the shell mounds
(Fig. 14.2) suggest that ca. 25-70% of the protein
diet of these individuals derived from seafood
(e.g., Umbelino 2006; Bicho et al. 2010; Peyroteo
Stjerna 2016).

The emergence of agricultural societies in
central and southern Portugal, with a process of
acculturation and genetic mixing of the local
Mesolithic communities with new immigrants
from the East, took place some 7500 years ago
(Bicho et al. 2017). Neolithic people, marked by
Cardial ceramics, arrived in the western Algarve
and the Portuguese Estremadura from the
Mediterranean by sea (Carvalho 2008).

14.3 Sites

The above cases can be used as proxies for the
use and exploitation of coastal environments dur-
ing the Palaeolithic and Mesolithic on the
Portuguese Atlantic coast, but unfortunately,
there are very few cases of underwater prehis-
toric occurrences. Despite its near-1000-km-long
Atlantic coastline, with its estuarine and lagoon
coastal settings, Portugal has only six underwater
archaeological sites and two examples of sub-
merged forests.

Praia Rei Cortico (Fig. 14.3). This is a Middle
Palaeolithic coastal site located near Peniche
(Haws et al. 2011; Minckley et al. 2015),
where pollen and sediment evidence indicate
that the site was originally located in a coastal



Fig. 14.2 Mesolithic human burial in Cabeco da Amoreira, Muge. The isotopic information indicates that this skeleton
belongs to a person whose diet was composed of c. 50% marine resources. Photo by Nuno Bicho

Fig. 14.3 Excavation at Praia Rei Cortico during low tide. The archaeologists are standing just below the horizon that
represents Neanderthal coastal occupation during the MIS 5 c. 115,000 years ago. Most of the site was washed away
during a high tide in 2014. Photo by Jonathan Haws
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lagoon environment with a sea level similar to
that of today (Minckley et al. 2015). Lithic
artefacts are abundant and are typical of a
Mousterian occupation. Cores follow a cen-
tripetal reduction sequence with common dis-
coidal cores and very rare Levallois examples.
Raw materials include quartzite, quartz and
rare chert elements.

Praia do Pedrogao. This is also a Middle
Palaeolithic coastal site (Aubry et al. 2005;
Benedetti et al. 2009) located in the county of
Leiria. The site is on the present shore, just on
the higher section of the intertidal zone and,
thus, during spring tides is subject to strong
erosional forces. The lithic assemblage is
composed of quartzite and quartz artefacts,
with rare retouched stone tools. The technol-
ogy is marked by the common presence of
Levallois reduction sequences producing
flakes.

Cabeco da Amoreira, in Muge. In 2011, a
deposit was found below the modern local
water table and associated with a prehistoric
estuarine shoreline. The known sequence
(testing has not yet reached the base of the cul-
tural deposits) covers the period from at least
Early Neolithic up to Iron Age horizons
(Bicho et al. 2017) and is characterized by lay-
ers with very high organic content. The lithic
assemblages are limited, while ceramics are
very common, with some decorated
examples.

The Sao Julido Mesolithic shell midden.
Located north of Lisbon, near the city of
Mafra, this is a shell midden complex, with at
least four loci, of which at least one is within
reach of wave action during very high spring
tides in the estuary of the small Falcao River
(Sousa 2004; Sousa et al. 2016). These shell
middens have a limited number of very simple
lithic assemblages, composed mostly of
flakes. On the other hand, the sites have many
hearths associated with diverse mollusc spe-
cies including bivalves and gastropods.

The Middle Palaeolithic cave of Ibn Ammar.
Located in the estuary of the Arade River
(Fig. 14.4), near Portimao, this cave has many
lower chambers that are inundated at high tide

during spring tides, but the floor of the largest
chamber is permanently underwater to a depth
of at least 50 cm. The human occupations
(Mousterian, Early Neolithic and later) have
been located only in the upper chambers,
where it is possible to excavate (Bicho 2004;
Carvalho 2008). The prehistoric artefacts
found inside the cave include Mousterian cen-
tripetal discoidal cores and flakes made on
quartz, quartzite and flint (Bicho 2004) and
early Neolithic ceramics (Carvalho 2008).

The Neolithic site of Praia do Forte Novo.
Located in coastal Algarve, this site was found
during an extreme low water stand for a few
days in 1999, and since then, it has been cov-
ered by sand and is usually underwater
(Fig. 14.5) (Rocha 2003; Rocha and Barros
1999/2000). Thousands of pottery fragments
have been recovered as well as hearths and
features that may represent partly eroded
remains of saltpans and huts.

Maceda beach submerged forest. Here, petri-
fied macrofossil wood remains have been
found near the city of Porto and dated to MIS
3-2 (Granja and Carvalho 1995; Granja et al.
2008).

Barreiro submerged forest. This is north of
Lisbon and dated to the Early Holocene
(Garcia-Amorena et al. 2007).

All these sites are located within the intertidal
zone, although the latter three are at the extreme
lower limit and are exposed only in those rare
moments of extremely low spring tides. Both
Middle Palaeolithic sites, Praia Rei Cortigo and
Praia do Pedrogdo, are at the upper limit and are
only reached infrequently by wave action.

14.4 Prospects for Preservation
and Discovery of Underwater
Sites

Until recently and following the idea of a major
adaptation in late Pleistocene and Early Holocene
times (Binford 1968; Flannery 1969), it was
thought that marine resources were important in
the economy and diet of the human populations



Fig. 14.4 View from Ibn Ammar entrance towards the estuary during low tide, when shellfish resources are available
as well as fresh water coming out from the various cave springs (seen on the left side of the photo, where the wall is
located). Photo by Nuno Bicho

Fig. 14.5 The dark organic layer seen in the centre of the photo is rich in remains of coastal habitation. This c.
7000-year-old site, located in the intertidal zone, is shown here on a rare occasion of surface sand erosion due to wave
and current action. Praia do Forte Novo. Photo by Leonor Rocha
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only from the Late Upper Palaeolithic onwards in
Portugal. Data coming from different sites in
central and southern Portugal, as well as a gen-
eral change in paradigm in world archaeology
(Erlandson 2001; Bailey and Milner 2002; Bailey
2004), have shifted the climate of opinion towards
the view that marine resources and coastal adap-
tations were in use much earlier than previously
thought (Bicho and Haws 2008). One of the key
factors masking the archaeological evidence is
the fact that many sites dating to the Palaeolithic
and even to the Mesolithic are now submerged on
the continental platform, down to 150 m, due not
only to general sea-level rise (Dias et al. 2000)
but also to tectonic episodes during the last
120,000 years (Bicho and Haws 2008).

The submergence of sites as deep as 150 m
on a platform that extends, at that depth, in
some places as much as 50 km offshore poses
difficult challenges for underwater prehistoric
research, more so in the open Atlantic

Bathymetric and Topographic Map
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Portuguese coastal setting. However, in certain
areas, there is steep bathymetry that brings
potential areas of survey, testing and excavation
much closer to the modern coast (Infantini et al.
2012). That is the case, for example, with the
limestone cliff areas of the Setubal Peninsula or
the western Algarve and the Nazaré and
Portimao canyons. Not only is there a high
potential for submerged caves, but also for
underwater relict valleys and cliffs dating to the
late Pleistocene. A perfect example is that of
the Armacio de Péra Bay, where an MIS 3 bar-
rier and cliff was found at a depth below sea
level of some 20 m (Infantini 2012; Infantini
et al. 2012). Directly to the north and on the top
of the cliff, there is a large submerged platform.
Bathymetric analysis shows a palaeolandscape
that includes a barrier or coastal lagoon and
dune field (Fig. 14.6), slowly modified and sub-
merged during the Late Upper Palaeolithic and
Early Holocene (Infantini 2012).

Fig. 14.6 A drowned Stone Age landscape some 20 m below present-day average sea level in Armacdo de Péra Bay.
The c. 12-km-long reef, representing a former peninsula, may have protected traces of human settlement from the ero-
sive powers of waves from the open sea, making the area an obvious candidate for future underwater reconnaissance.
Image by Leandro Infantini
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In addition to these specific regions with a
steep bathymetry, there are two main coastal
regions, one extending from the Nazaré canyon
to the Sado estuary and the other comprising the
southern coast between Cape St. Vincent and the
Mondego estuary (Moura et al. 2017). Sediment
deposition is higher in these regions, providing
potentially moderate to good conditions for
underwater preservation. Relict beach sediments
in both areas are common, probably dating to the
Last Interglacial, where there is a high potential
for finding Middle Palaeolithic occupations, both
open-air and cave sites. This potential is present
in the coastal limestone around the Tagus and
Sado estuaries as well as on the Sagres coast
(Fig. 14.7) where many underwater caves are
known, including at least two with dry sections
inside the caves.

Palaeolagoon and coastal lake and island bar-
rier contexts known in the Obidos region,

between the Tagus and Sado north of Sines and
in the Faro area, also have very high potential,
following detailed and systematic coastal and
underwater surveys, for finding prehistoric set-
tlements, similar to those described above. In
many cases, there are similar geomorphological
settings to those of the large Tagus and Sado
river basins, but there are much smaller basins
such as the Mira, Odeceixe, Aljezur, Carrapateira
and Portimdo, among many others, that may
provide particularly good areas for finding
either underwater or intertidal archaeological
sites.

Many other areas need to be scrutinized, topo-
graphically reconstructed, tested and, in specific
cases, excavated. A multidisciplinary research
program at the University of Algarve is now
under development to study the prehistoric
human occupation of coastal cave settings in
southern Portugal.

Fig. 14.7 General view of the southwestern coast of Sagres, with limestone cliffs 70—100-m high where caves are very
common. Photo by Nuno Bicho
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14.5 Management
of the Underwater Cultural
Heritage

In the mid-1980s, the director of the National
Museum of Archaeology, Francisco Alves,
started to develop the field of underwater archae-
ology. His work eventually led to an autonomous
department, the Centro Nacional de Arqueologia
Nautica e Subaquitica, in the Portuguese
Archaeological Institute (Instituto Portugués de
Arqueologia, IPA), the institution that supervised
archaeological activity in Portugal from 1997 to
2006. TPA was replaced by IGESPAR (Instituto
de Gestdo do Patriménio Arquitectonico e
Arqueolégico), and this in turn was replaced by
the Direcdo Geral do Patriménio Cultural
(DGPC) in 2012. Within this governmental insti-
tution, there is a specific department that over-
sees the underwater archaeological heritage, the
Divisdo de Arqueologia Nautica e Subaquatica.
Presently. DGPC is the only institution in charge
of the underwater archaeological heritage.

The Portuguese archaeological heritage is
listed and available to the general public in an
online database known initially as the Endovélico
and very recently changed to the ‘Portal do
Arquedlogo’. Here, one can search for sites,
absolute dates, site locations, periods as well as
excavators  (http://arqueologia.patrimoniocul-
tural.pt/index.php?sid=sitios).
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