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Abstract: This paper an approach for analyzing the impact of sea level changes on prehistoric
human settlement patterns in the Southwestern Iberian Peninsula. The approach is based on highly
qualified and fully georeferenced information sources managed within a spatial database. This
allows for a more precise analysis of the distance to the coast and its relation to marine resources
from a specific location, areas that may have lost their archaeological potential due to being
currently submerged, and the actual distribution of sites as a starting point for territorial analysis.
Coastal changes, such as sea level fluctuations over the past 120,000 years, have affected the position
of the coastline and influenced human settlement patterns. Through an analysis of the
archaeological site locations relative to their paleo-coastlines based on available dating data, this
study emphasizes the necessity of adopting a comprehensive approach to comprehend human
settlement patterns and their correlation with the dynamic coastal changes. This approach provides
valuable insights for formulating strategies for exploiting coastal resources and structuring socio-
economic systems in the region.

Keywords: sea level change; paleo-coastline; prehistory; Southwestern Iberian Peninsula; marine
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1. Introduction

During the last Quaternary glaciation, sea levels remained below current levels from the Riss-
Wiirm interglacial period (c. 120000 BP) until the Flandrian transgression (c. 6000 BP), when the
minimum record reached around -120 m [1] to -130 m [2] approximately 18000 years ago [3,4]. These
changes, which determined large variations in the coastline throughout this period, were not linear,
nor did they occur at the same pace, nor did they develop within a single trend of continuous rise or
fall [5,6].

Understanding the relationship between changes in the coastline and settlement strategies is
crucial in the study of prehistoric societies, particularly those who relied on marine resources. The
coastline was not a fixed and stable boundary, and as sea levels fluctuated throughout the last
glaciation, it created new areas of land for human settlement, which could have been prime locations
for exploiting marine resources. Therefore, by analyzing how changes in the coastline affected the
spatial distribution of settlements and the strategies employed by these societies to exploit marine
resources, we can gain a better understanding of prehistoric human behavior and how it evolved
over time.

Several studies have been conducted on the relationship between changes in sea levels and
human settlements [7-11] particularly focused on the narrow marine straits that occurred during the
last glaciation period and their relation to human migrations. For example, articles have been
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published on the Bering Strait and human access to America [12,13], as well as articles on hominid
migration models [14].

A comprehensive understanding of the coastlines of the past is hindered by various obstacles.
Firstly, the quality of the input data often presents a problem, as the bathymetry frequently has a
very poor cell extension compared to the surface area that is above water. Secondly, it is difficult to
determine the evolution of the coastline in the past, as it is not solely determined by the current
bathymetry, but also by other factors such as lithology, and above all, the presence or absence of
sediment sources that may accelerate or slow down the processes of accretion and erosion to which
the coast is subjected. While attempts have been made to consider these factors at a local level, it is
common to use bathymetry as a source of information on the extent of paleo-coastlines.

There is often an assumption that the last glacial period had an extremely low sea level position.
While this is true, it is important to note that the last glacial period had a very low or extremely low
sea level position for a period of time that spans roughly from 40,000 to 15,000 years ago, with its
lowest point around 18,000 years ago [15]. The rest of the glacial period, which covers a much longer
period of about 100,000 years, shows continuous changes in sea level that cannot be simplified by
referring to a single mean sea level position [16].

The study of prehistoric human behavior and their relationship with marine resources has
gained increasing interest in recent years. While early studies primarily focused on the use of coastal
environments [17], there has been a growing recognition that marine resources may have played a
more significant role in the subsistence strategies of prehistoric societies than previously thought [18—
21] However, a better understanding of the relationship between sea level changes and prehistoric
settlement patterns is required to fully grasp the exploitation of marine resources [22]. By using paleo-
coastlines and georeferenced radiocarbon dating, this study aims to provide a more detailed and
accurate picture of prehistoric societies and their strategies for exploiting marine resources,
ultimately contributing to a more complete understanding of human behavior and adaptation to
environmental changes.

The objective of this scientific article is to demonstrate the benefits of utilizing precise and
accurate sources of information, such as the level and spatial position of paleo-coastlines and
georeferenced radiocarbon dating of archaeological sites, in the study of Prehistory and its
relationship with the exploitation of marine resources. By presenting a detailed analysis of the use of
these sources of information, we aim to show how they can enhance the accuracy and scientific rigor
of research in this field. Ultimately, this article seeks to contribute to the advancement of our
understanding of the history and exploitation of marine resources by early human societies.

2. Materials and Methods

The study area extends along the Iberian Peninsula's coastal region from Figueira da Foz to
Gibraltar Strait, encompassing diverse coastal landscapes (Figure 1). This area features coastal cliffs,
expansive sandy beaches, and several estuaries and river deltas. It includes major cities such as
Lisbon, Sevilla, Faro, and Cadiz. Notably, there are shallow submerged areas, particularly evident in
the paleo-estuaries of the Guadalquivir, Tagus and Sado rivers, and along various coastal segments.
In this area, recent changes in mean sea level have revealed a remarkable variety of situations,
attributed to the complex tectonics [23,24].


https://doi.org/10.20944/preprints202310.0792.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2023 doi:10.20944/preprints202310.0792.v1

Figure 1. Study area

The -130 m bathymetric contour is situated within the continental shelf and delineates large areas
of potentially emergent land, which in some parts of the southwestern region extend up to a
maximum distance of 42 km from the paleo-coast of c. 18000 BP with respect to the current coast
(Figure 2). However, this broad strip of land has not remained emergent throughout the 114,000-year
time span analyzed. Additionally, sea level fluctuations during this period have not been uniform,
with a downward trend from c. 120,000 BP to c. 18,000 BP and an upward trend from c. 18,000 BP to
c. 6,000-5,500 BP. Thus, the actual time that each part of the emergent land has been exposed is not
homogeneous. The oldest and most recent dates of this chronological range (c. 120,000 BP and c. 6,000
BP, respectively) corresponded to sea level contours similar to the present one.
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Figure 2. Cartography of the elevation -130 m above sea level corresponding to c. 18,000 BP. Self-
produced based on: EMODNET (Europe bathymetry at 100 m resolution) https://www.emodnet-
bathymetry.eu/data-products and COPERNICUS (Europe altimetry at 25 m resolution)
https://www .eea.europa.eu/data-and-maps/data/copernicus-land-monitoring-service-eu-dem

The former date corresponds to the last interglacial maximum, while the latter date
approximately coincides with the recovery of the current coastal level after the Flandrian
transgression, which peaked around 6,500 BP in the southwestern Iberian Peninsula [25,26],
following 114,000 years of fluctuations [27-29]. We have proposed a series of sub-periods on the curve
that would represent the ups and downs that occurred during the time span of analysis, with the aim
of modeling in a simpler way, without reaching the absolute simplification of a single rise and fall,
allowing us to calculate, through a less complex algorithm, the different annual rates of sea level loss
or gain and their corresponding rise or fall rate (Table 1; Figure 3).

Table 1. Annual rate in mm of sea level rise or fall in each proposed sub-period.

Data BP Bathymetric elevation (m) Annual rate (mm/year)
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Figure 3. Sea level changes curve during the last glaciation and proposed sub-period model [27]
(Figure 4)

During the study period, which encompasses parts of the Middle Paleolithic, the entire Upper
Paleolithic and Neolithic period, and the beginning of the Chalcolithic period, spanning from 120,000
BP to 6,000 BP, the population of the southwestern Iberian Peninsula exhibited diverse patterns of
settlement and subsistence. These patterns signify a variety of resource exploitation and territorial
establishment strategies that encompass a wide range of possibilities. They range from occupations
in caves and rock shelters during the Paleolithic phases [30-32] to the emergence of large settlements
towards the end of the Neolithic and Chalcolithic periods [33,34]. Additionally, smaller settlements
were dedicated to the exploitation of terrestrial and marine resources, with a particular emphasis on
Mesolithic shell middens located mainly in the paleo-estuaries of the region's major rivers [35-37].

The delimitation of the -130 bathymetric contour in the Andalusian and central-southern
Portuguese Atlantic Ocean results in an area of unequal shape that does not parallel the current
coastline. In the southernmost area of the study, a wide continental shelf is identified, extending more
than 42 km from the current coastline in the Spanish provinces of Cadiz and Huelva [27]. The
Guadalquivir and especially the Guadiana rivers contribute significant sedimentary inputs in this
region. South of the Portuguese province of Algarve, the width of the shelf decreases due to the
proximity of Sierra Morena, a faulted flexure of the ancient Hercynian mountain range. This situation
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is also observed north of Cape St. Vincent in the western sectors of Algarve and Alentejo. In the mouth
of the Tagus River, which currently functions as a wide estuary with essentially marine waters, the
depths are considerably shallow. To the north of Lisbon, the shelf widens again, penetrating the sea
gently, although it is cut in two by the Cascais Canyon y and the Lisboa-Settibal Canyon.

2.1. Methods

The methodology consists of three steps. In the first step, an algorithm which simplify the sea
level changes during the last glaciation period is applied. This method allows the determination of a
paleo-coastline corresponding to any given date. In the second step, the goal is to identify properly
dated coastal sites that correspond to the study period, in order to determine whether their
occupation strategy may have been motivated by the exploitation of marine resources. A third step
of the methodology involves calculating walking times between each identified site and the
corresponding paleo-coastline for the given date.

An algorithm has been designed based on a curve that records the rises and falls that occurred
during the period mentioned above [28], which allows for the calculation of the time that currently
submerged land remained emerged, which surfaced during these 114000 years [27]. The algorithm
also enables the determination of which paleo-coastline level corresponds to a specific date of interest.

2.1.1. Step 1. Determination of the position of the coastline at specific points in time

In the first step, 13 sub-periods were defined to simulate the main sea level changes identified
in the literature. For each defined sub-period, an equation was applied to determine the time each
100 x 100 m grid cell of the marine digital elevation model had been emerged within that sub-period.

The formula is as follows in eq. 1:

tc=(bc - bi) / ta, (1)

Where tc is the emerged time of a cell in a given sub-period, bc is the bathymetric elevation of
the cell, bi is the bathymetric elevation of the sea level at the start of the sub-period, and ta is the
annual rate of sea level rise or fall in that sub-period (expressed in meters) (Table 1).

The total emerged time is obtained by summing all the values calculated for each cell in each
sub-period (Figure 4). Only one period has been identified in which sea levels were above their
current position, around 6900 — 6000 BP, known as the Flandrian transgression. Although there is
considerable scientific debate in the literature about the existence of this phenomenon globally, as it
does not appear in all records of the planet, there is ample evidence that it did occur in the study area
[26,38—41].
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Figure 4. Map of the emerged land-time between the current coastline and the elevation of -130 m
during the period from c. 120,000 BP to c. 6,000 BP.

Based on the previously described sea level curve, an algorithm was formulated to calculate the
bathymetry and emerged time of the currently submerged surface, within the period of
approximately 120,000 BP to 6,000 BP. Equation 2 was applied for each queried date to determine the
position of the coastline at that time.

The equation is expressed in eq. 2:

pc=pa+ (ta (fa - fc)), (2)

Where pc is the position of the coastline at the queried date, pa is the final position of the
immediately preceding period, ta is the annual rate of sea level rise or fall, expressed in millimeters
(Table 1) in the sub-period in which the queried date falls, fa is the final date of the immediately
preceding sub-period, and fc is the queried date.

This algorithm allows for a precise determination of the position of the coastline at specific points
in time during the study period.
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2.1.2. Step 2. Relationship between each archaeological site and its paleo-coastline

To select the sample of radiocarbon dates to be studied, a SQL database query to the SIAC
radiocarbon dating database was made, applying certain filtering criteria, both spatial and
alphanumeric. To effectively link different past sea level elevations with human settlement and their
economic strategies for exploiting marine resources, the radiocarbon dating database of prehistoric
archaeological sites in the Iberian Peninsula [42,43] was utilized, which is integrated within the
Shared Archaeological Information System (SIAC) project (http://arqgeogis.us.es/siac). This
repository contains more than 12,700 records from over 2,142 different sites, which are georeferenced
and categorized by a basic functional typology. The criteria used to filter and obtain the radiocarbon
dates that were part of the case study were as follows:

1. Chronological: The study began with dates whose calibration provided dates between 120,000 -
6,000 BP, which is the chronological range of the sea-level change curve used for this research
(Figure 3). The lower margin was slightly expanded to include a reading after the Flandrian
maximum, up to 4,000 BP, in order to contrast with that moment.

2. Spatial: All the dates from the SW Iberian Peninsula that were within an area of 20 km inland
from the current coastline were selected, including the coastline defined at the time of the
Flandrian maximum transgression (c. 6,500 BP).

3. Typological: The dates resulting from the application of the spatial criterion were filtered to
select only those that explicitly mention a functional typology of habitat or settlement. We
excluded those of a funerary nature because we consider that their location in space, although
in most cases linked to the corresponding habitat, can be found anywhere without any special
or determining role in the economic strategy of territory exploitation.

4. Quality: In regards to this criterion, all dates with a deviation estimate greater than 100 years
were eliminated.

The final result of the application of the four described criteria was a sample of 1016 dates
corresponding to 151 different sites, which were used to carry out the analysis of this study (Figure
5).

The emerged land and its corresponding paleo-coastline were identified, and a considerable
number of georeferenced radiocarbon dates from different sites were collected to represent the
prehistoric reality of the Southwest Iberian Peninsula. Furthermore, at the end of this second step,
each of the 1016 archaeological sites was accurately related to the paleo-coastline of the corresponding
period.
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Figure 5. Location of the study's radiocarbon dates in relation to available documentation for the SW
region.

2.1.3. Step 3. Distance of each site from its paleo-coastline during its determined life span

The next step was to determine the real distance of each site from the coastline during its
determined life span based on the available radiocarbon dates, and to investigate whether the
occupation strategy was motivated by the exploitation of marine resources or not, along with the
temporal accessibility of those resources.

The time it would take for a human being to travel a certain distance has been a topic of interest
in numerous studies, which have proposed different models and calculation methods [44-49], and
have analyzed the different models to determine their validity and accuracy [50].

Several studies have attempted to offer a concrete proposal from an archaeological perspective
regarding the time it would take a human being to travel the distance separating them from the
resources they intend to access [51-54]. There is also a wide diversity of proposals and methods for
calculating distances and costs. In this study, the criteria established by the MIDE (Method of
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Excursion Information) developed by Paris Roche [55] for the FEDME (Spanish Federation of
Mountain and Climbing Sports) was applied. This anisotropic method is based on rules that
determine the distance/time relationship for traveling a horizontal distance as 4 km/h, to which 1
hour is added for every 400 m of uphill elevation or 600 m of downhill elevation.

The archaeological sites under study were represented in five different time intervals, based on
the aforementioned criteria, which correspond to a classification of greater or lesser proximity and
accessibility to the sea, and therefore to marine resources.

It was considered that a time of 3 hours or less to travel the distance between the site and its
paleo-coast indicates the possibility of the exploitation of marine resources as part of the economic
strategy, as it would allow for going to the site, performing the activity, and returning in a single day.
Times greater than 4 hours would invalidate that strategy, while times between 3 and 4 hours could
be considered suitable for accessing those marine resources exceptionally within the general
economic strategy of the site.

To calculate the distance between each site and its corresponding paleo-coastline, the filtered
radiocarbon dates from each site were cross-referenced with the tables stored in SIAC. The tables
contain the different paleo-coastlines assigned to a specific date on an annual scale, based on the
previously applied criteria. Each calibrated radiocarbon date is associated with the corresponding
paleo-coastline by taking the mean between the maximum and minimum values of the 2-sigma
calibration.

Within the SIAC database, two algorithms were programmed to find the closest point on the
paleo-coastline that corresponds to each site based on its calibrated radiocarbon date and the distance
between the site and the calculated point. The distance of each site, recorded at each calibrated
radiocarbon date, was measured in meters and subsequently converted into walking time. This
conversion allowed to categorize the sites based on their accessibility to marine resources, and to
determine whether their economic strategy may have been influenced by the exploitation of these
resources.

Upon identifying the distances from each site to its corresponding paleo-coast, an assessment
was conducted to determine which coastal sites (such as shell middens) were situated at distances
exceeding a 4-hour walking time, which were subsequently identified as "anomalous behaviors"
within the developed model.

To analyze the temporal distribution of radiocarbon dates recorded in SIAC and as part of this
research, an examination was conducted to identify potential biases or temporal imbalances in the
dataset that could lead to misinterpretations. To address this, Summed Calibrated Radiocarbon Date
Probability Distributions (SCDPD) were constructed. Notably, traditional calibration software such
as Calpal and OxCal were avoided due to their inability to account for the influence of repeated
dating within the same archaeological context. Instead, the SCDPD employed the methodology
outlined by [56,57], which relies on an algorithm that selects the most probable radiocarbon date in
cases of date overlap, ensuring that each coinciding time span is counted only once for each
archaeological site. Additionally, the study distinguished five distinct areas based on two primary
criteria: the extent of sea-level regression to 18,000 BP (the maximum glacial period) and the coastal
morphology, with the objective of ensuring that each sector exhibited as similar characteristics as
possible. Special consideration was given to the paleo-estuary areas of the Tagus and Sado rivers due
to their unique characteristics and the typology and chronology of documented settlements.

3. Results

Results illustrate the accessibility time to the coastline based on the studied deposits in the
coastal environment. Areas with deposits exhibiting anomalous behavior concerning their expected
location relative to the distance from the current coast or their paleo-coast are highlighted.

A predominance of deposits situated less than 3 hours from their paleo-coast is observed, with
a particularly high abundance of deposits located less than an hour away from their paleo-coast.
However, some deposits are situated more than four hours away.
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When observing the histograms representing the density of sites in relation to their distance
from the coastline during their respective existence periods (Figure 6), it is evident that in the period
exceeding 11,500 years BP, which corresponds to the pure Paleolithic, most sites are situated between
12 and 16 km from the coastline, with none located within less than 6 km. In the preceding period,
from 11,500 to 8,000 BP, corresponding to the Mesolithic era, the majority of sites are positioned at a
distance of 2 to 4 km from the coast, with those situated within less than 2 km being much less
frequent (around 20%). Similar results are observed for the period of 8,000 - 7,000 BP, representing
the early Neolithic prior to the Flandrian Transgression. In more recent periods such as 7,000 - 5,500
BP and 5,500 - 4,000 BP, which encompass the remaining Neolithic during the Flandrian
Transgression, including the beginning of the rise, its peak, and subsequent decline, as well as the
Chalcolithic period, the most frequent sites are found at distances less than 2 km from their respective
paleo-coasts.
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Figure 6. Settlement density based on chronology, classified according to the distance from the
estimated paleo-coastline

When examining the histograms representing site density in relation to their chronology (Figure
7), a noteworthy pattern emerges. During the three periods of study predating 5,000 BP (more than
11,500 BP, 11,500 - 8,000 BP, and 8,000 - 7,000 BP), a consistent site density is observed for distances
exceeding 12 km from the paleo-coastline. However, as shorter distances are considered, older
archaeological sites tend to diminish in number, almost disappearing entirely within distances less
than 4 km. This pattern underscores the potential submergence of older sites due to rising sea levels
and indicates a correlation between site age and proximity to the ancient coastline.
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Figure 7. Settlement density based on distance from their paleo-coastline, classified by periods

The Tajo-Muge and Sado shell middens can be seen in the maps of deposits that are less than 1
hour away (Figure 8-a) and those more than 4 hours away (Figure 8-e). The same phenomenon is
observed in the pale-oestuary of the Guadalquivir (Figure 8-e), where a series of deposits, including
Valencina, are more than 4 hours away from their paleo-coast. In the maps of 3 to 4 hours and more
than 4 hours, Vale Boi in Portugal and EI Retamar at the mouth of the Guadalete (Figure 8-d and 8-e)
are marked. Both deposits are practically on the current coast and yet have a very distant distance to
their paleo-coast.
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Figura 8. Cost in time to access the paleo-coast at different sections, indicating potential anomalous
behaviors
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Figure 9 displays the behavior of the deposits in relation to their distance from their paleo-coast,
taking into account the different chronologies recorded within them. Four chronological periods are
shown, corresponding to significant changes documented in the sea level rise and fall curve (Figure
3). It is observed that, in general, deposits belonging to older periods tend to be situated closer to the
current coastline, although several hours away from their paleo-coast.

MIS1  MIS2 Mis3 Misa

Figura 9. Distribution of sites by chronological sections, with indications of potential anomalous
behaviors regarding their distance from their paleo-coast
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The distribution of deposits corresponding to the period of an apparently higher sea level
identified in the Flandrian maximum presents a more irregular spatial distribution, although the
majority of the deposits are located less than two hours away from the Flandrian coastline.

The areas marked with a red circle in Figure 9 repeat those indicated in Figure 6, except for the
El Retamar and Vale Boi deposits. These include the Tajo-Muge and Sado shell middens and the
deposits surrounding the Guadalquivir mouth during the Flandrian maximum.

In general, the Summed Calibrated Radiocarbon Date Probability Distribution (SCDPD) for the
entire study area in the southwestern Iberian Peninsula reveals two prominent peaks around 8000-
7000 BP and 5000-4000 BP. Moving to specific regions, the northern area of Cabo Raso (Figure 10-a)
exhibits a relatively consistent occupation pattern over time, with a notable increase during the
Chalcolithic period, as previously observed when analyzing radiocarbon date distributions across
the entire southwestern Peninsula. Moreover, this region boasts the highest concentration of cave
settlements in the entire southwestern area. Conversely, the paleo-estuary areas of the Tagus and
Sado rivers (Figure 10-b) demonstrate a distribution pattern akin to the broader southwestern trend,
characterized by a robust Mesolithic presence, a Neolithic hiatus, and significant growth during the
Chalcolithic period. Along the Vicentine coast (Figure 10-c), the proximity to various paleo-coastlines
throughout the study period is evident. Notably, in the coastal stretch between Sagres and Faro,
radiocarbon dates prior to the Mesolithic are notably scarce, with some exceptions found in Vale Boi.
Beyond 8000 BP, the distribution reflects a sustained population presence, marked by the
aforementioned Chalcolithic surge, and a temporal gap around 6500 BP. Lastly, in the Gulf of Cadiz
area, spanning from Faro to Tarifa (Figure 10-e), there is minimal evidence of occupation until a
notable proliferation of settlements during the Chalcolithic period.

. P

00 000 550 ww oo

Figure 10. SCDPD of the different areas distinguished by the behavior of sea level rise and fall.

4. Discussion
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The analysis of site distribution in relation to their proximity to ancient coastlines reveals
significant patterns that bear implications for understanding prehistoric settlement strategies in the
Southwest of the Iberian Peninsula. Notably, in periods predating 6,500 BP, sea levels were
considerably lower than they are today. Consequently, a substantial portion of archaeological sites
from these earlier periods likely resided in areas that are now submerged beneath the sea. As we
trace further back in time, the probability increases that a substantial number of these archaeological
sites have been lost to the depths due to their original locations in presently submerged areas.

This observation leads to the inference that the settlement strategy during the Paleolithic era
may not have been markedly distinct from that of subsequent periods in the Southwest of the Iberian
Peninsula. Moreover, it is likely that it shares similarities with other regions where the coastline was
much closer to these archaeological sites due to the rugged terrain. The shifting sea levels and their
impact on the distribution and preservation of archaeological sites underscore the dynamic
relationship between ancient human populations and their utilization of maritime resources in
response to changing coastal configurations. These findings contribute valuable insights into the
adaptability of prehistoric communities to fluctuating environmental conditions and offer a broader
perspective on their resilience in the face of changing landscapes over time.

The observed pattern in site density, taking into account the sea level's historical position, offers
valuable insights into the distribution of archaeological sites in the region. The consistent site density
at distances greater than 12 km from the ancient coastline during the three earlier study periods
highlights the presence of well-preserved archaeological sites in these areas. In contrast, the marked
decline in older sites within distances less than 4 km suggests their submergence due to rising sea
levels over time. This spatial distribution underscores the influence of changing sea levels on the
preservation and accessibility of ancient settlements. It implies that as sea levels rose, older coastal
sites may have been inundated, contributing to their reduced visibility and, in some cases, complete
disappearance. This finding underscores the need to consider sea-level fluctuations when studying
the distribution and preservation of archaeological sites along ancient coastlines.

In Figures 9-a, and 9-b, the paleo-coasts were at very low elevations, and therefore far from the
current coastline. To determine if the exploitation of marine resources was among their economic
strategies, it is necessary to more precisely define the type of archaeological record documented in
these sites. Figure 9-c displays an appropriate behavior of these sites in relation to the exploitation of
marine resources, as they are located near the paleo-estuaries that developed during the Flandrian
transgression. In Figure 9-d, the coastline must have been too far away to maintain these strategies
of exploiting marine resources. It would be necessary to consider that these inland entries of the sea
were not ephemeral and lasted longer than the Flandrian transgression supposed, or the strategies of
exploiting the immediate physical environment ceased to play a primary role in the location of the
settlement. The near-total absence of sites from the chronologies where the paleo-coast was located
far from the current coast (Figure 9-a) suggests that the sites that based their strategy on the
exploitation of marine resources are currently submerged and that they were actually close to their
corresponding paleo-coast at the time.

The most probable interpretation for the sites identified with anomalous behaviors is related to
their spatial location. The anomalies are situated around two areas: the depressions of the Tagus and
Sado rivers, and the Donana region. Both spaces are currently characterized by estuarine waters in
depressed areas, where significant infilling has occurred during the Holocene, seemingly related [58]
to the low stretches of fluvial systems where intense erosive processes have taken place, partially
caused by changes in land use for agricultural purposes.

Thus, Dofiana region, the Tagus Depression, and the Sado Depression could be identified as an
apparent weakness in the initially proposed method, as the bathymetric DEM does not allow for the
determination of the paleo-topography of these territories due to the intense depositional processes
recognized in these areas.

The SCDPD (Summed Calibrated Radiocarbon Date Probability Distribution) for the entire
study area in the southwestern Iberian Peninsula shows two higher peaks at around 8000-7000 BP
and 5000-4000 BP, corresponding to the strong Mesolithic and Chalcolithic periods. The minimum in
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occupation around 6500 BP, coinciding with the Neolithic period, can likely be explained by
limitations in research. Further investigation is needed to better understand the factors contributing
to this phenomenon, and to explore whether other factors, such as changes in the economic strategies
or social dynamics of the time, could have played a role in the observed patterns.

A distinct pattern emerges in the northern Cabo Raso area (Figure 10-a), characterized by
continuous and relatively homogeneous occupation throughout various time periods, with a notable
surge during the Chalcolithic period. This trend aligns with the broader distribution analysis across
the southwestern Iberian Peninsula, where this region stands out as having the highest concentration
of cave settlements.

Similarly, the area encompassing the paleo-estuaries of the Tajo and Sado rivers (Figure 10-b)
exhibits a distribution pattern closely mirroring the overall trends in the southwestern region. There
is a pronounced presence during the Mesolithic period, a notable gap during the Neolithic, and a
substantial expansion during the Chalcolithic era. The surprising absence of Neolithic evidence in an
area previously densely populated during the Mesolithic prompts questions about the transition to
Neolithic practices in a region seemingly suitable for such developments. The Vicentine coast (Figure
10-c) appears to have a lack of interest in this area during the Neolithic and Chalcolithic periods or a
bias in research focus during these periods.

The southern coast of the Algarve, from Sagres to Faro (Figure 10-d), confirms that the oldest
settlements are submerged under the sea. There are no chronologies earlier than the Mesolithic period
in this area, except for some in Vale Boi. From 8000 BP onwards, the distribution shows continuity of
settlement with an increase in the Chalcolithic period and a gap around 6500 BP.

In the Gulf of Cadiz area, from Faro to Tarifa (Figure 10-e), there is virtually no occupation until
the explosion of settlements in the Chalcolithic period. This fact may be evidence of two issues: on
one hand, the lack of research during certain periods, which produces a significant bias in available
chronologies; and on the other hand, the fact that settlements with strategies related to the
exploitation of marine resources must currently be submerged. This coastal strip experienced the
most pronounced marine regression, and the distances to the different paleo-coasts in the past are
greater compared to the current coastline, especially in the Paleolithic and even in the Mesolithic
periods.

Another notable aspect of this area is the almost complete absence of Neolithic chronologies. The
transition from the Early to Middle Neolithic, with the consequent change in settlement strategies,
intensified open-air settlement, which, contrary to expectations, does not leave a visible
archaeological record. Sedimentary phenomena related to sea level changes during the Flandrian
transgression in the Lower Guadalquivir area [57,59] may be having some influence on this
phenomenon.

It is important to highlight the methodological and data limitations of this study. On one hand,
taking into account the possible effects of erosion and deposition, it is likely that in some areas, the
current bathymetry may not be an accurate indicator of past paleocoasts. However, it is worth noting
that in the study area, there are sectors that exhibit clear erosive dynamics, such as the Asperillo cliff
[60]. Despite this, evidence of Neanderthals older than 106,000 years has been identified in this area,
suggesting that it could be a more stable sector than what the current dynamics suggest. Additionally,
there are prograding areas such as Dofiana, which is filled with sediments, and the estuary and delta
of the Guadiana. However, considering the magnitude of changes in such an extensive continental
shelf as the one studied, this issue can be overlooked except in specific areas. On the other hand, the
sea level curve involves a series of simplifications, which could be improved by employing a more
detailed sea level curve than the one used in this work. Despite these limitations, it should be noted
that the current data availability supports the approach taken in this study.

5. Conclusions

As an archaeological study model, the analysis of the relationship between changes in the
coastline and settlement and marine resource exploitation strategies allows us to understand the
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evolution of human behavior in prehistory. To achieve this, accurate and rigorous information on the
position and evolution of paleo-coasts and archaeological sites in relation to them is essential.

The application of the methodology presented in this study has allowed for a more accurate
analysis of the relationship between changes in the coastline and the exploitation of marine resources
by prehistoric societies in the southwestern Iberian Peninsula during the last glacial period. The use
of a precise algorithm for the determination of paleo-coastlines, combined with georeferenced
radiocarbon dating of archaeological sites, has provided a more reliable and rigorous approach to the
study of prehistoric human behavior.

However, it should be noted that the method applied may have limitations, such as the
imprecision of the input bathymetric data when interpreting ancient coastlines. The interpretation of
the results obtained has allowed us to identify inconsistencies in the model, which are likely related
to the lack of information on intense erosion and deposition processes in the modeling. To improve
the accuracy of the method, higher quality bathymetry data, a more precise sea level curve, MDE of
the geological past that takes into account erosion and deposition processes, or a greater number of
precisely dated sites are needed. Nevertheless, based on the available information, the approach
presented in this study appears to provide a more suitable interpretation of coastal settlements
during the last glacial period in the southwestern Iberian Peninsula.

The results obtained indicate that the exploitation of marine resources as an economic strategy
was conditioned by the accessibility of the sites to the coast and, therefore, adapted to the variations
in the coastline. It has also been demonstrated that the mathematical models used in this study are
useful for determining the accessibility of the sites to marine resources and, thus, for understanding
the evolution of settlement and marine resource exploitation strategies in prehistory.

In conclusion, this study highlights the importance of using rigorous and accurate
methodologies for the study of the relationship between the coastline and settlement and marine
resource exploitation strategies in prehistory. Furthermore, it opens up new perspectives for future
research in this field, such as applying these methodologies to other periods and geographic regions,
and exploring new avenues for analyzing and evaluating the accessibility of sites to marine resources.
It is worth noting that this methodology may present limitations, such as the lack of precision of the
input data when interpreting ancient coastlines, likely related to the absence of information on intense
erosion and deposition processes in the modeling. Nonetheless, interpreting the results obtained has
allowed identifying incongruities of the model, which can be addressed by improving the quality of
bathymetric data, a more precise sea-level curve, paleo-geographical models that consider erosion
and deposition processes, or more accurate dating of archaeological sites.
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