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Abstract:

Submerged prehistory has emerged as a key topic within archaeology over the last decade.
During this period the broader academic community has become aware of its potential for
revolutionising our understanding of the past. With recent technological and scientific
developments has come an opportunity to investigate larger areas and learn more than
previously thought possible. When charting the future of the subject, however, it is also
necessary to consider its historical trajectory. This sense of opportunity and optimism has
been experienced before, but not sustained. As such, our greatest challenge lies not in

adopting technological developments, but in maintaining momentum.
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Introduction

Over the last decade submerged prehistory has emerged as a key topic within archaeology
and acted as a unifying point of focus across a range of disciplines. The submerged extent of
the continental shelves represent an additional 5% of the land area currently exposed across
the globe (Figure 1), and in regions such as Europe, South East Asia, and northern North

America can add 40-100% of the present land area again (Bailey et al., 2017a, p. 1; Harff et
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al., 2016, p. 1). With sea-level fluctuating by up to 130m over glacial cycles (Grant et al.,
2014, see figure 1), this space has been repeatedly exposed and inundated over the six million
year temporal window that archaeology is largely concerned with. These changes in land/sea
boundaries significantly altered the world that our ancestors lived in, not just in terms of
distribution of landmass, but also the behaviour of major ocean currents and the distribution
of resources. Although the process of repeated transgression and regression may sound
destructive, the variable nature of coastal geomorphology and geology has ensured that in
some regions key depositional sequences survive, with artefacts that can be retrieved from
both in situ and derived contexts. The corollary of this is that submerged regions of the
continental shelves contain an important, and in some areas unique, resource for improving

our understanding of human history and environmental change.

The investigation of this resource is a complex and demanding operation, requiring input
from oceanographers, geologists, geophysicists, archaeologists and marine engineers (to
name but a few). As such, submerged prehistory stands as a truly transdisciplinary subject,
one that moves increasingly smoothly between academia and industry. It is this
transdisciplinary nature, matched to the varied distribution and extent of continental shelves
globally, that has led to a complex and erratic development. This variable history of research
and engagement has shaped regional expectations and skewed baseline levels of knowledge.
While some regions grapple with complex tectonic histories that have radically altered local
geography, others cope with large tidal regimes, greater water depths, erosion and
sedimentation. For parts of the world offshore construction and exploration work has seen
large scale survey and mapping of the seabed, while in others detailed research has yet to be

carried out. Similarly, the questions that we wish this resource to answer vary radically with



regard to temporal and spatial scale; from large scale patterns of colonization and movement,

through to more local signatures of adaptation, community structure, and change.

Contributing to the growing realisation of the potential of submerged prehistory over the last
decade have been dramatic changes in technological and scientific capability. The evolution
of improved acoustic survey and mapping systems, mechanical intervention through remotely
operated and autonomous vehicles, as well as leaps in computing power, provide a new range
of opportunities for effective research. Vast quantities of data acquired for different
objectives can now be integrated, incorporated into models, and analysed at a range of scales.
Innovative sampling and dating methods are allowing us to ask new and different questions
of sedimentary archives and artefactual material. As such, research into submerged
prehistory does not stand as single monolithic entity, but as a shared area of interest amongst

academics working on a number of related fronts.

In this paper we chart the development of research into submerged prehistory at a global
scale, consider recent developments and reflect on what the future may bring. For reasons
that will become clear below, an historical and geographically focused review is critical in
order to recognise the strengths and weaknesses that have emerged. It is only once this has
been appreciated that a sound platform for future developments can be constructed. In being
so ambitious, through offering a global view, it is clear that there are details that will have
been omitted. However, we hope to offer a snapshot of the current state of play, and equally
importantly explain how we have got to our current position. Rather than see submerged
prehistory as an adjunct to traditional modes of investigation we present it as central to future
progress. We suggest ways in which we might prioritise and conduct research, emphasising

the most significant goals that are usually beyond the reach of single institutions.



Four unifying themes emerge through this paper:

Strength through diversity: The variable history of research and investigation into
submerged prehistory around the world provides an important baseline level of
understanding. Significantly, due to regional differences in the challenges faced,
collectively we have developed a suite of expertise that now allows for a wide range
of sites and environments to be investigated.

The significance of context: Archaeological questions are not answered by material
culture alone. Transdisciplinary research into sedimentary archives that bridge the
contemporary land/sea boundary are transforming our understanding of the changing
shape of the world, the coastal zone, and how humans have interacted with it.

Clear opportunities:  Some regions (e.g. the tropics, the coastlines of Indonesia,
China and Japan) are under-researched and would benefit from targeted survey work,
while in others (the North Sea, Australasia, North America) a shift in approach may
be needed to move research forward; exploiting available data, consciously selecting
new targets and adopting innovative techniques.

The need for coordinated action: The challenges faced in working on this subject are
still significant, and the community of scholars relatively small. As such to maintain
momentum increased collaboration will be beneficial, and possibly new institutional

frameworks.



Submerged Prehistory: a brief review

When writing (and reading) a paper like this there can be a temptation to think that an
historical review is a comforting crutch on which the paper can lean, rather than an analytical
device of explicit use. However, as argued below, in the case of research into submerged
prehistory an understanding of developmental trajectories is crucial for any attempt to
evaluate past successes, current issues and future possibilities. It would be relatively easy to
construct a paper that focuses solely on the promise of the ‘new’, of how submerged
prehistory represents an emergent area of research where innovative technologies can help
reshape the discipline and how modern-day researchers are asking different and new
questions of the record, driving research forward in exciting directions. However, this would
be to ignore critical lessons we can learn from previous forays into the topic. The course of
research into submerged prehistory has not run smoothly from recognition to advanced
development. Instead, interest and expertise have waxed and waned resulting in intellectual
‘tacking’ back and forth, with the requisite initial loss of ground with each turn, and
variations of advance and retreat in different regions. In writing this paper we hope to draw
attention to this ‘tacking’ in an effort to consolidate and accelerate future development. Thus,
while elements of the narrative constructed below may be familiar to some readers, we hope

the broader trajectory painted will give pause for thought.

An awareness of the potential for submerged contexts to inform our understandings of the
past has long been established. In Europe during the late 18th, 19th, and early 20th century
researchers identified the presence of terrestrial deposits and anthropogenic material in the
inter- and sub-tidal zones, as well as in submerged cave systems (Blanc, 1940; Borlase, 1758;
Boule, 1906; Boyd Dawkins, 1870; Reid, 1913). Even at this early stage there was a keen

awareness that resolving the nature of these deposits, and their significance for our



understanding of humanity’s past, would need academic cooperation. Reid (Reid, 1913, p.
10), in his seminal work on submerged forests, argued that it required antiquarians and
geologists to work together to resolve the complex questions of changing paleogeography
that he had identified. He perceived this collaboration most significant for determining the
date of the sequences he had observed, with archaeological typologies of material culture
offering the most secure means of doing so available to him (1913, p. 121). Today this
relationship has shifted, with scientific dating techniques replacing material culture typology
as the primary means of resolving chronology. However, as argued below, while the
questions and methods may have changed, the need to work together has only become more

apparent.

The importance of Reid’s observations were not lost on archaeologists and geologists in the
early twentieth century. In particular, Reid’s (1913) work had a significant impact on O.G.S
Crawford, J.G.D Clark and H. Godwin. The potential significance of submerged prehistory
was such that Crawford (1927) dedicated the first article in what was to become the leading
archaeological journal Antiquity to it, with a study of inter and sub-tidal prehistoric remains
on the isles of Scilly (UK). Crawford was so taken with the significance of his finding that
he stated;
“It was one of those thrilling moments which occasionally occur in the life of an
Archaeologist. Here before us was tangible proof that the land had sunk since
prehistoric times.”
(1927, p. 6)
While the processes behind the inundation of the Isles of Scilly may have been more complex
than Crawford imagined (Anderson-Whymark et al., 2015), he did not miss out on its broader

significance. In his paper he links the finds on Scilly with submerged forests and megalithic



sites in the Channel Islands and along the French coast (1927, p. 10). For Crawford, what he
saw on Scilly spoke of wider processes and greater significance. The very face of the world
had changed substantially but there was a resource located underwater that might allow an
understanding of the processes behind that change, and, critically, provide answers to

complex questions about the impact of those changes on our understanding of past societies.

While Crawford’s paper echoes much of what was to come later, in terms of lasting impact
Reid’s legacy is more strongly seen in the work of Clark (1936, 1932), who was to transform
research into late upper Palaeolithic and Mesolithic communities of North West Europe, and
on Harry Godwin, a key figure in the development of Quaternary research in the United
Kingdom. In particular, as a number of scholars have noted (Fagan, 2001, p. 51; Gaffney and
Fitch, 2009) it was the recovery of a Mesolithic harpoon (Figure 2) from the Leman and
Ower banks of the North Sea in 1931 (Burkitt, 1932) that set-in motion a series of events that

transformed Clark’s understanding of the past.

This is significant for two reasons. First, the recovery of the harpoon helped Clark to realise
the importance of submerged landscapes for his understanding of prehistory and connectivity.
It demonstrated that the now inundated extent of the North Sea had not only once joined
Britain and continental Europe as a bridge, but that this space had been inhabited. Second,
both Clark and Godwin realised that it would take their combined skills to investigate this
locale, and perhaps more significantly, related landscapes across the region. It was with this
in mind that they were integral to the formation of the Fenland Research Committee in 1932.
As Burkitt (Burkitt, 1932, p. 453) commented, the consensus among the members was that
“For a proper study of the fens, many different lines of investigation are required”. As a part

of this group Clark and Godwin carried out interdisciplinary research into both buried and



submerged sequences on the margins of the North Sea (Clark, 1932). Both Clark and Godwin
understood the dynamic nature of sea-level change and that thus, if they wanted to understand
prehistory, modern land/sea boundaries were a meaningless distraction. In essence, for Clark
and Godwin, submerged prehistory was simply ‘prehistory’ that afforded a different set of
opportunities and challenges to researchers. They also embodied the move toward
interdisciplinary study of submerged prehistory which we have seen re-occur in the last two
decades. In this sense Clark and Godwin were true pioneers, with strong research questions

leading them to transgress a land/sea boundary that was holding others back.

Whilst consciousness was raised in the 19th century in a number of different regions, and
significant advances made early in the 20th, the variable nature of the marine environment
around the world meant that the history of research played out very differently on a country
by country basis. Broadly speaking, however, the early advances made by scholars such as
Boule (1906) Reid (1913), Blanc (1940), and Clark (1932) were not to be followed up on in a
meaningful manner for a number of years. In part this might have been because access to
these contexts was relatively limited, with marine survey vessels and standard diving dress
accessible only to small numbers of people. This, along with disruption to scholarship
through the impact of the Second World War, slowed the pace of research. In effect, the
opportunities for archaeologists to be confronted and challenged by material recovered

offshore, such as the Leman and Ower harpoon, were limited and thus interest began to wane.

Things started to change in the late 1940s and early 1950s, when Gagnan and Cousteau’s
self-contained underwater breathing apparatus (SCUBA) became a technology available to
the general public. In areas around the globe benefitting from shallow coastal waters, good

visibility and affluent economies, the underwater world suddenly became populated by a host



of curious people. This led to a number of interesting archaeological discoveries, once again
challenging archaeologists and geologists to explain their presence and consider the
implications for societies in the past. This also helped to drive local interest in submerged
prehistory. Three widely separated areas produced complex and well-preserved materials
during the 1960’s: these were Pavlopetri, a submerged Middle Bronze Age town in southern
Greece (Flemming, 1968a, 1968b; Harding et al., 1969); the karstic sinkholes of southern
Florida, where early Native American remains were found at depths of the order of 20m in
situ close to the shore (Clausen et al., 1979, 1975; Cockrell and Murphy, 1978) and
submerged Mesolithic settlements in the Baltic (Andersen, 1980). However, progress in
other regions was otherwise slow or non-existent. The application of SCUBA searches varied
between regions with a corresponding impact on site identification and engagement
(discussed in more detail on a region by region basis below). To some extent the impact of
this variability is visible in the number and nature of publications emerging from the 1960s

onwards.

In figure three we provide a chart showing the number of publications on the topic of
submerged prehistory from 1980 to present day. This data has been collected via searches of
Web of Knowledge, Google Scholar and ‘Publish or Perish’ software. The search terms used
were: submerged prehistory, submerged landscape and submerged forest. The data was
augmented through a cited references search on key texts, and review by the authors. The full
dataset (which includes 641 publications from 1753 onwards) is provided as supplementary

material to this paper.

This dataset is acknowledged as partial and flawed: there are a range of earlier publications,

grey literature reports and non-English language outputs that will have been missed in these



searches. However, we are confident that the overarching trend is still informative, albeit
proportional to the true complete figures. For example, between 1870 and 1960 there were
eleven publications that directly discussed submerged prehistory. Between 1960 and 1980
this rose to seventeen. Equally strong regional biases can be seen, with four areas and global
reviews accounting for 84.6% of the published material: North West Europe (29%), North
America (14.7%) Global (15.9%,) the Baltic (13.9%) and Mediterranean (11.1%). The
temporal and regional trends beyond this point are discussed in more detail in the sections

below, but show a rapid development over the last decade with some interesting variations.

As an exemplar of this a strong history of research into submerged prehistory is apparent
within North America, but the significance of this (particularly early) work has not been
widely recognised. Thus, as we argue below, research into submerged prehistory has
periodically been negatively affected by a ‘siloed’, regionally fixed, approach to the past.
This is significant for any paper that is looking to the future, as the sophistication apparent in
early regional studies is at times surprising. Through recognising this work fully we can
reflect on the ways in which more significant progress can be made, and momentum
maintained. What emerges most starkly from figure three is that one of the greatest
challenges for research into submerged prehistory lies in maintaining enough critical mass to
ensure sustainability. In this regard the impact of recent initiatives such as the European
Commission funded SPLASHCOS network can clearly be seen, driving a spike of
publications in 2017, a direct outcome of increased communication between researchers

across Europe.

Figure four illustrates the number of known submerged prehistoric sites/areas of high

potential identified globally. This dataset has been compiled from the publication data used



to generate figure three (see supplementary data), and data held in the SPLASCHOS viewer

database (http://splashcos.maris2.nl).  Again, the dataset is acknowledged to be a flawed

underestimate as it relies on published material. It is also variable with regard to what each
record reflects, with some being references to broad landscapes, areas of dredged finds and
fauna, as well as individual finds and excavated sites. It does, however, illustrate a changing
interest in recording finds from offshore contexts by national agencies and increasing
visibility of the variety of sites/material described in the literature. Taken together, figures
three and four show a highly promising upward trend with regard to research in this field, and

our ability to record and communicate sites of interest.

Global Narratives and Deep Time Potential

While figure 3 and the regional accounts given below show that investigation of submerged
landscapes has been episodic and highly variable in terms of scale and approach, three key
tropes have become established within the literature at a global scale. These relate to:

e discussions of population movement and colonisation

e significance of marine resources and coastal adaptation

e identification of potentially important areas or regions, but with no further action to

evidence that potential.

During the late nineteenth and early twentieth centuries, with an improving understanding of
sea-level change and knowledge of the extent of the shallow shelves which surrounded the
continents, came an appreciation that these spaces may have proved pivotal in global
population movement. In particular, discussion of the colonisation of the Americas (Dawson,

1894; Dixon and Monteleone, 2014; Fladmark, 1979; Heusser, 1960; Hopkins, 1967;


http://splashcos.maris2.nl)/

Johnston, 1933; Mandryk et al., 2001) and Australia (Elliot Smith 1914 (see Allen and
O’Connell, 2008); Daly, 1910; Danes, 1925) saw explicit mention of the role that such
submerged landmasses may have played. Critically this was not only seen in terms of

movement over land, but also with regard to the changing nature of early seafaring.

While the attention and credence given to these observations fluctuated through time, they
gradually began to be embedded within broader archaeological discourse (Mellars et al.,
2013; Oppenheimer, 2012, 2003; Rockman and Steele, 2003; Stringer, 2000; Westley and
Dix, 2006), touching on some of the most significant questions in archaeology. Here
discussion often focuses on the hypothetical potential of the submerged continental shelves,
that these spaces may have facilitated rapid movement along coastal corridors or supported
large populations, helping to explain the gaps within a fragmented terrestrial record.
However, as Flemming (2017, p. 272) notes, these discussions are at times matched to a
belief that subsequent transgression by the sea will have removed that evidence (Apenzeller,
2012; Klein, 1999, p. 566; Mithen, 2003, p. 24) or that it is too costly and difficult to locate.
Thus, within this context, submerged landscapes frequently exist as an heuristic device,
allowing conjectural modelling to explain complex deep time phenomena (e.g.

Oppenheimer, 2012; Romanowska et al., 2017; Stringer, 2000).

Related to this is recourse to discussion of the ‘potential’ of submerged landscapes to
improve our understanding of prehistory. This trope is not highlighted in order to criticise
individual studies, indeed this paper will fulfil many of the characteristics of the ‘trope of
potential’. Instead it is mentioned here to force us to recognise the importance of proving
potential through excavation or extracting supporting evidence from sedimentary sequences,

once its theoretical capacity has been documented. As will become clear through the regional



discussions below, there is an embarrassment of data demonstrating the richness of the record
that can, or could, be recovered and no shortage of questions to address. ~ As such, we should
look to move forward as quickly as possible from discussions of potential, which have been
established in the literature since the early twentieth century, to ones which focus on realising
that potential. Without this transition the subject will continue to make marginal advances in

a limited manner.

For readers situated within an academic context (and perhaps outside of archaeology) this
may seem like a facile statement. However, in large parts of the world, investigation of
submerged prehistory is undertaken within commercial contexts. Here, as part of
environmental impact assessments, the possibility for encountering submerged prehistoric
archaeology is regularly quantified, but the actions needed to verify it are only taken in a
small number of locations. As such there is an increasing literature discussing the high
likelihood of discovering or impacting on submerged archaeology (e.g. Goodwyn et al.,
2010), matched to a literature that discusses how important this record may be (Benjamin,
2010), but comparatively little of the required action to demonstrate it. This poses significant
problems, ones which should not be underestimated or go undiscussed, for the development
of research in this area. The sections below reflect on this variable history of action, offering
regional accounts of past and present research into submerged prehistory, drawing out

strengths, weaknesses and opportunities for the future.

Regional Contexts

The Baltic



The references given above in relation to early work on submerged prehistory might suggest
that the UK (Reid, Clark, Godwin), France (Boule) and Italy (Blanc) proved pivotal in its
initial formation as a subject of study. However, while it is possible to extract a few
insightful articles from these countries, credit for pioneering development can more
appropriately be seen to rest across a variety of regions, with the Baltic deserving special
mention. This is in recognition of a long-standing interest in submerged prehistory by Baltic

scholars, as well as the key methodological developments they pioneered.

Figure five provides a partial insight into how and why the Baltic came to have such an
impact on research into submerged prehistory. Denmark and Southern Sweden share a
swath of relatively shallow and clear water, punctuated with small islands. This landscape
has changed considerably in relation to stadial and inter-stadial periods, with periodic
glaciation deepening and eroding the Baltic Sea Basin (BSB) throughout the Pleistocene
(Andrén et al., 2000; Berzins et al., 2016; Habicht et al., 2016). Given the proximity of the
region to the major ice sheets (at times being completely covered), this sea-level history has
been profoundly affected by complex glacio-isostatic adjustment factors, and the periodic

isolation of the basin as a lake.

The history of the BSB since the Last Glacial Maximum (LGM) stands as a good example of
this, with the Scandinavian Ice Sheet fluctuating in response to climatic oscillations (e.g. the
Bolling/Alleréd Interstadial (14,700- 12,700 yr BP) and the Younger Dryas cold period
(12,800-11,500 yr BP) (Andrén et al., 2011, p. 84)). The non-monotonic retreat of the ice-
sheet saw a large lake (the Baltic Ice Lake) forming at its southern extent c. 16,000 BP
(Andrén et al., 2011, p. 83), with a glacier remaining over what is now the northern Baltic

Sea until c. 10,500 BP (JOns and Harff, 2014; Lindén et al., 2006).



This variation between retreat and expansion of the ice-sheet saw subtle shifts in the rate of
isostatic rebound in relation to eustatic sea-level rise. The result was switching between
freshwater (the Baltic Ice Lake 16,000 — 11,700 yr BP, the Ancylus Lake 10,700-9,800 BP)
and marine (Ylodina Sea and Littorina Sea) systems within the BSB. As a consequence of
this, much of the current Danish Sea territory was dry land during the early Holocene, but
became submerged during the Littorina Transgression (¢.9000-4000 BP (Flemming, 2014;
Kostecki et al., 2015, p. 227; Rosentau et al., 2017, p. 113; Sander et al., 2016)), leaving
many Mesolithic and Early Neolithic coastal sites on the newly formed sea floor.
Significantly, the comparatively moderate nature of sea level change in Danish waters over
the last 6 millennia (due to isostatic rebound almost keeping pace with eustatic sea-level
change) means that these sites are located at a maximum depth of 10m, but with most found
between 2 and 6m, and in relatively low, and very low, energy environments. This represents

a large proportional area relative to the current dryland extent (c. 11%).

Denmark a history of research

Given the significant role that marine resources have played within Baltic societies, and the
clear nature of the water, it is perhaps unsurprising that the submerged prehistoric sites
described above had long been noted by fishermen and holiday makers. Such was the level of
general awareness, and with an increasing number of people owning scuba sets, that in 1957
the Danish weekly magazine Hjemmet launched a competition for divers to find Denmark’s

earliest submerged site.

The frenzy of activity that followed the competition launch resulted in the public

identification of a number of Mesolithic sites, including what was to become the famous site



of Tybrind Vig (Andersen, 2013, p. 11), firmly placing the reality (rather than the potential)
of submerged prehistoric archaeology in social consciousness. Interestingly, Andersen (2013,
p. 11) records that although new material was found through the competition, there was a
sense of disappointment amongst professionals, as the majority of sites belonged to the
comparatively well-known Ertebglle phase of the Mesolithic. As such, the antiquity of
inhabitation had not been pushed back by this early example of community archaeology,

even if the total number of known sites had grown.

This slight sense of disappointment might explain the gap of two decades before professional
archaeologists became more engaged with recording submerged sites in Denmark. In the mid
1970s, inspired by the positive results of amateur diving activities in the waters around the
Danish islands, Langeland Museum established a close working relationship with recreational
divers. The scientific exploration of the Ertebglle site Mgllegabet | in 1976 delivered their
first success story (Gren and Skaarup, 2004). Led by professional archaeologists, amateur
divers carried out much of the fieldwork, including survey and systematic excavation. The
success of this project in turn helped pave the way for the excavation of the Ertebglle site of
Tybrind Vig in 1979 (Andersen, 2013). The finds made as part of this excavation (human
remains, fishing gear, canoes, paddles and midden material) were so spectacular that they set
the bar for the ‘potential’ so often talked about with regard to submerged prehistory at a
global scale. Significantly, the work at Mgllegabet | and Tyrbrind Vig demonstrated that

achieving this potential was relatively straightforward in Danish waters.

The success of these projects in the late 1970s helped to raise the profile of submerged
prehistory in Denmark and across the world. Most importantly they also served to

demonstrate that academic standards equivalent to those maintained on land could be



achieved underwater; controlled excavation carried out by trained specialists. As such,
within Denmark the necessity for investigation of potential submerged prehistoric sites came

to be built into the development process.

Thus, just as development-led archaeology revolutionized our understanding of the
distribution of prehistoric sites terrestrially, so to it came to have an impact underwater in
Denmark. This can be seen particularly well in capital infrastructure projects such as; the link
between the Danish island of Funen to Sealand over the Great Belt (1988— 1998); from
Sealand to Skane in Sweden crossing the @resund (1991-2000) and in the more recent work
on the Fehmarnbelt tunnel project. In each case research into prehistoric landscapes and
archaeological sites on land, as well as underwater, was an integrated part of the construction
works. The results gained in each project has widened the basis of information about the
prehistoric settlement history of Denmark and surrounding coast (Fischer, 2004, 1997). Thus,
as was the case for Clark and Godwin, within Denmark the study of prehistory transcends
current land/sea boundaries, due to an understanding of what can be achieved through the
adoption of a rigorous approach offshore. This is important, as it means that unified research
designs can be constructed, focusing on what can be gained from investigation of submerged
sites in comparison to sites on land. The majority of work undertaken falls within the
commercial sphere (with only a limited number of academic excavations (e.g. Uldum et al.,
2017)), and it is this work that is adding most to our understanding of the submerged
archaeological record in Denmark. This is an issue, and an opportunity, that is returned to in

the conclusion to this paper.



North and Eastern Baltic

The above only shortly summarises the remarkable results achieved by Danish researchers on
submerged prehistoric sites and landscapes over the last 30 years. As one might expect this
work also had a great impact on global research strategies, and in particular on Denmark’s
closest neighbours. A good example of this can be seen in Sweden. As in Denmark, searching
for prehistoric remains on the seabed has a long tradition starting in the 19th Century.
However, while the entirety of the Danish coastline has been subject to slow submergence,
the rest of the Baltic to the North and East has a more complicated picture of sea-level
change, with isostatic rebound lifting coastlines in northern Sweden, Finland, Russia, Estonia
and Latvia (Harff et al., 2011; Jons, 2011). The result of this has been that in these regions
underwater archaeological work has focused on shipwrecks rather than looking to smaller

areas of submerged coastline (Larsson, 1983).

Only in the southernmost part of Sweden has sea level rise outpaced isostatic uplift, so that
prehistoric settlements along the coasts became submerged (Hansson et al., 2016). Currently
more than sixty stone age sites are known from Swedish waters in depths between 3 and 23
meters below current sea level (Hansson et al., 2016; Holmlund et al., 2017). Frequently they
were discovered in and amongst submerged tree trunks and rooted stumps (Hansson et al.,
2016). The majority of these sites are dated to the period between 8,600 and 6,000 BC

(Hansson et al., 2017).

Over the last ten years underwater research on submerged prehistoric landscapes and sites has
intensified. It has principally focused on the H&no Bay in eastern Scania, off the coast of
Havang (Hansson et al., 2017). The research area is positioned near a fossil river valley at a

depth of 15 m. The sites consist of remains of a 10,500-year-old pine forest (shown in figure



six) and well-preserved large fish traps, dating to 7000 cal BC that were found together with
artefacts of bone and flint. This research has built on the developing trend of integration of
high resolution geophysical data, with geotechnical data to create improved understanding of
palaeogeographic change. However, crucially it has incorporated extensive underwater
archaeological survey on SCUBA, with use of scooters to allow large areas to be covered.
Within this project there has been a commitment by the research team to spend time looking
at the seabed first hand to help identify archaeological material and better understand the

detail given by the geophysical data.

The southern Baltic

Both past research and the current state of affairs in the countries along the southern Baltic
rim differ enormously from that in southern Scandinavia. Due to climatically controlled sea
level rise and isostatic uplift in central and northern Scandinavia following the last
deglaciation, prehistoric sites submerged in Baltic waters may only be expected in the
national waters of Germany, Poland, Kaliningrad (Russia) and Lithuania (Harff and Meyer,
2011). Knowledge of submerged sites varies from country to country, reflecting not
necessarily the actual inventory of sites, but rather differing traditions and priorities in

research and heritage management (Jons, 2011).

This variability is perhaps best illustrated in Germany. Although the whole German Baltic

coast was, and still is, affected by sea level rise, systematic research on submerged prehistoric



sites did not begin until the early 1990s. Influenced by the impressive results from
underwater work in Denmark (Skaarup, 1995), but also by that carried out in the area of the
Lake Constance in southern Germany (Schlichtherle, 1997), the first investigations on
submerged sites were done offshore of the western Mecklenburgian Bight, in Schleswig-
Holstein (Hartz and Libke, 1995). In the waters of the neighbouring area of Mecklenburgs-
Western pommerania underwater research on submerged landscapes and stone age sites was
not previously possible, as prior to German reunification, non-military actions in the coastal
areas between the Libeck bight and the Odre-river were strictly forbidden. However, over
the twenty five years in which investigations have been taking place numerous submerged
Mesolithic and Neolithic sites have been discovered at different localities in the waters of the

Mecklenburgian and Pomeranian Bights.

An important facilitating factor in this transition has been close cooperation between
archaeological museums, heritage authorities and geological research institutes. With the
support of the German research foundation (DFG), a solid network for systematic under
water research was built up that finally formed the Research-unit Sinking coast — better
known under the acronym SINCOS (2002-2010). SINCOS created an umbrella for common
interdisciplinary research by Geologists, Archaeologists, Palaeobotanists, Archaeozoologists,
Dendrochronologists and experts in Climate Development. The general target of this
research-unit was to develop a model of the relation between geosystem, eco-system, climate,
and socio-economic system for the south-western Baltic Sea area from the mid-Holocene
Mesolithic and Neolithic period to the Early Medieval Age (Harff and Luth, 2007; Harff and

Liith, 2014).



Within the SINCOS-research area between the Oder-estuary and the Oldenburg rift
(“Oldenburger Graben”) the intensity of shoreline displacement varied regionally (Lampe et
al., 2007). SINCOS paid particular attention to a group of more than 20 submerged
settlements, located at the bottom of the Wismar Bight at depths between 2.5 and 11 m below
the present sea level. Most of these were discovered during side-scan and Hyball surveys and,
in a second stage, partly excavated underwater. The information gained from these sites led
not only to a detailed reconstruction of the settlement pattern and chronology of sites, but
also of ancient coastlines and the dynamics of the sea-level rise. This facet of research into
submerged prehistory, its need to address wider climate and marine processes in order to
understand the record, has added to its academic impact. In attempting to understand the
nature of submerged prehistory in the Baltic it has been necessary to refine models of
complex palaeoenvironmental change at a scale and resolution beyond that offered by
previous research. Since the end of the SINCOS-Project, investigations on submerged sites
in German waters have been limited to small scale investigations that became necessary due
to construction work. Only on rare occasions have research investigation been carried out e.g.
ongoing research on the Ertebglle site Strande, positioned in the Bay of Kiel (Goldhammer

and Hartz, 2017).

Research in Baltic waters has clearly shaped our understanding of what the investigation of
submerged prehistory can offer, not only to archaeologists but a range of ocean and earth
science disciplines. Through excavation of Mesolithic sites the value of a complementary
organic record has been proven, shedding new light on cultural groups who were previously
predominantly known through their lithic technologies. In attempting to place these sites in
context new data have been generated on complex regional processes of sea-level change,

which in turn feed into broader global issues. However, as noted above, much of this hinged



on a conducive environment (physical, economic and political) within which research could
establish early success stories. Furthermore, it has focused almost exclusively on the
Holocene, with occasional forays into the Late Pleistocene. In other parts of the world the
history of research has played out differently, offering alternative approaches to

understanding the past.

The North Sea, English Channel, Irish Sea and Atlantic Coast of Europe

Along the North Sea, English Channel/La Manche, Irish Sea and Atlantic coasts of Europe
the murkier waters, complex tidal regimes, sedimentary sequences and erosion patterns meant
that the diving community became better acquainted with the wreck record rather than the
submerged prehistoric resource. As such, the profile of submerged prehistory was not raised
in the same way it had been in the Baltic. Thus, while prehistoric submerged sites were being
discovered and excavated around the world (Baltic, Mediterranean and Americas) prehistoric
maritime archaeology in the UK was in a nascent form. In some senses it was as if the

advances and observations made in the 1930s had been forgotten.

In this light it is notable that Muckelroy’s (1978, Figure 1.1) foundational text on Maritime
Archaeology focused on wrecks and maritime infrastructure, deliberately excluding non-
coastal regions of submerged terrestrial landscapes. In doing this Muckelroy strove to carve
out a logical and well defined area of study. As such, the exclusion of the majority of
submerged prehistoric landscapes was understandable. From Muckelroy’s perspective these
spaces and the archaeology they contained may offer little insight into past maritime activity.
Just because a landscape was now underwater did not mean that it was automatically of
‘maritime’ interest. However, while logical, this division may also have resulted in a lack of

transfer of knowledge and skills between archaeologists working on land and those engaging



with marine and maritime survey. Without clear communication between groups it was hard
for researchers to envisage what was ‘knowable’ from submerged contexts, or indeed to
recognise how important the coastal zone might have been to prehistoric communities. The
small numbers of people engaged with submerged prehistoric archaeology lent it an air of an
esoteric specialism incorporating complex terms and a difficult working environment, when
in reality the types of data generated and methods used were relatively straightforward and

well understood within the oceanographic community.

Figure seven shows that the continental shelf in this region is largely flat and low lying.
Elevations above -130m (and thus potential relict landscapes) represent c. 40% of the total
land area shown. The -130m contour shown on figure seven is only a first order indicator of
possible land extent, with lowstand sea-levels corresponding with increased glacial coverage,
reducing the habitable area available. The shelf in this region has been significantly altered
by processes of erosion and sedimentation. One of the most significant changes to have
occurred is the erosion and removal of a chalk ridge (part of the Weald-Artois anticline)
which provided a high ground link between the modern countries of Britain and France. The
ridge is thought to have been removed by c. 478-424,000 BP (Cohen et al., 2017, p. 159;
Collier et al., 2015; Gibbard and Cohen, 2015; Gupta et al., 2007; Hijma et al., 2012,
Toucanne et al., 2009). Prior to this removal it is thought that Britain would have remained
joined to the continent during sea-level highstands. Subsequent to its removal high stand
situations result in Britain becoming an island. The elevation at which this happens (based
on current bathymetry) is c. -35m. However, as discussed for the Baltic, this figure can be

misleading as both tectonic and isostatic factors have played a significant role in determining



relative sea-level histories (Cohen et al., 2014, 2011; Dix and Sturt, 2011; Lagarde et al.,

2003; Sturt, 2015; Sturt et al., 2013)

The North Sea is home to a number of large Holocene transgressive sand banks, such as those
at the mouth of the Thames estuary. These have little relationship to the past terrestrial
landscapes they cover and conceal, beyond possibly being anchored on earlier topographic
highs. This illustrates the importance of understanding past and present marine processes
when discussing the nature of submerged prehistoric landscapes. These features are often
noted as problems in the text of papers discussing current models of palaeogeographic change
and submerged landscapes (e.g. Sturt et al., 2013), but in the reproduction of these images
this detail can become lost. The result is that time averaged geological processes become
concealed within broader conceptions of landscape change. These features are best seen as
representing an unrealised opportunity. First, they could be targeted to examine if they
preserve deposits underneath them. Second, modelling work to strip out Holocene marine
features from geophysical datasets could be done to improve our understanding of past
landforms across the region. Above all, these features help to remind us of the need for
chronological control when discussing submerged prehistoric landscapes, their extent,
potential for areas of surviving sites/sedimentary archives, as well as discussion of

connectivity and population movement.

The UK, Ireland and Norway

Despite Boyd Dawkins (1870), Reid (1913), Crawford (1927) and Clark (1936, 1932) clearly
demonstrating the significance of the offshore zone for understanding the prehistory of the
region, it was not actively pursued as an area of research by the broader archaeological

community, or public at large, for close to one hundred years. Although sport SCUBA diving



became popular in the late 1950’s in the UK, the strong tidal currents, stormy conditions, and
low visibility underwater delayed the realisation that submerged prehistoric sites could be
directly located or studied in this manner. As such, the sporadic dredged finds of lithics,
massive quantities of Pleistocene faunal material and numerous near shore sites failed to get
the broader recognition they deserved, despite high quality academic publications making
explicit calls to do so (Jacobi, 1976; Louwe Kooijmans, 1971; Scuvée and Verague, 1978).
The result has been only a few cases of direct ground-truthing offshore in the UK and
Ireland; the Mesolithic site of Bouldnor CIiff from 1999 onwards (Momber et al., 2011) the
Palaeolithic finds from Area 240 in 2008 (Bicket, 2011; Bicket and Tizzard, 2015; Firth,
2011; Tizzard et al., 2014) and recent work by Westley (2015) at Eleven Ballyboes in
Ireland, Sturt et al (2016) in the Bristol Channel and Gaffney et al. (Gaffney et al., 2017) in
the North Sea. However, the lack of work offshore is countered by a long history of research
into prehistoric sites within the inter-tidal zone (visible in the sites shown in figure 7) that
points to the possibilities lying in deeper waters (Bell and Warren, 2013; Ransley et al., 2013;

Sturt et al., 2016).

While site level investigations did not develop in the same way as they did in the Baltic and
Mediterranean, archaeologists working within the North Sea and along its coasts did re-
engage with the broader topic of submerged prehistory. Coles’ (1998) seminal ‘speculative
survey’ of the submerged North Sea demonstrated the potential of offshore contexts.
Importantly this potential was shown to extend beyond recovery of material and into broad
scale narratives of landscape change and social impact. This played to the strengths of British
archaeology and its longstanding fascination with landscape (Johnson, 2008). Furthermore,
through choosing this focus, and the familiar language it used, Coles (1998) found a way to

engage the broader academic community. In effect, submerged prehistory could be explored



through a map, encouraging archaeologists to consider the impact of large scale geographic
change on past populations. The awareness this article generated was timely as it coincided
with increased offshore development and acquisition of new data. Pioneering work by Fitch
et al (2005) and Gaffney et al. (2007; 2009) on the submerged landscapes of the North Sea
allowed visualisation of these offshore sedimentary sequences giving a tantalising glimpse of
the landscapes Coles (1999, 1998) had discussed. Here, the scale and resolution of academic
debate meshed well with the scale and resolution of data obtainable through large scale
geophysical survey. Critically, Coles’s (1998) hypothetical spaces became semi-materialised
through the geophysical work of Gaffney et al. (2007). This helped to move discussion

forward from the abstract to those facts rooted within specific sedimentary sequences.

In 2001 English Heritage’s (since 2015 called Historic England) responsibilities were
extended out from the low water mark to the 12 mile nautical limit, triggering a change in
approach and funding. Through the Aggregates Levy Sustainability Fund (ALSF) a range of
projects were supported between 2002 and 2011 that specifically sought to help better resolve
our understanding of submerged archaeological resources that might be impacted on by
development. The majority of this work again operated at the large regional scale (Bicket,
2011; Bicket and Tizzard, 2015; Dix and Sturt, 2011; Sturt et al., 2013; Sturt and Dix, 2009),
making best use of the data that the offshore industries supplied. The fund also sought to
develop new approaches through considering the applicability of sampling methods and
predictive modelling (Bicket, 2011; Sturt et al., 2016).  This has seen a convergence on
deposit modelling, based on geophysical and geotechnical data, as the key first step in any
assessment of submerged prehistoric landscapes. Figure eight provides an example of this

first stage of archaeological enquiry offshore.



Despite the impressive amounts of data gathered and analysed, significant conceptual and
methodological problems remain with the UK's approach to the offshore record (Sturt and
Standen, 2013). The crux of this critique centres on the point of engagement (a focus on
landscape level research), and a struggle to downscale from generalised large-scale
hypothesis to smaller scale archaeological realities. As Lucas (2012) has noted, the way in
which we practice archaeology fundamentally shapes how we understand the potential of the
resource and the products of our enquiry. Though worthwhile and profitable, the focus on
landscape reconstruction could be seen to be helpful only up to a point. Through not ground-
truthing (beyond cores or limited grab samples) the deposit models and hypotheses put
forward, it became difficult to establish the veracity of claims made about archaeological
potential offshore in UK waters, and limits evaluation to very broad statements (e.g.
Goodwyn et al., 2010). Within the UK, discourse has been forced to draw on the single
known and excavated underwater Mesolithic site of Bouldnor Cliff (Momber et al., 2011),
and Palaeolithic finds made within dredged aggregate material from Area 240 (Tizzard et al.,
2014) or refer back to the spread of inter-tidal sites. This stands in contrast to the confidence
gained in the Baltic through their experience of working at a range of scales, that developed
by the SINCOS project over a similar period during the mid to late 2000s, and recent

developments in the Netherlands (discussed below).

All of the landscape work carried out within UK and Irish waters, matched to the rich

intertidal record, points to the high potential for encountering significant archaeological



remains offshore, but archaeologists have yet to be facilitated to take the next important step
to realise it. Crucially, at present there are no geophysical methods that have been shown to
robustly identify sub-surface archaeological features and artefacts at the scale seen on
prehistoric sites. This is despite significant advances such as the development of 3D chirp
technology (Plets et al., 2009; Vardy et al., 2008), able to create sub decimetre resolution
volumes for interpretation. Furthermore, even if a geophysical approach could identify sites,
this would serve to aid knowing where to excavate or carry out high frequency coring, but
would not remove the need to do so. This is due to the fact that many archaeological
questions require particular forms of material cultural and environmental evidence to answer.
In effect, to have more impact the archaeology of submerged prehistory needs to be able to
contribute on a similar level to that gained through terrestrial research. In no instance would
a geophysical and geotechnical landscape interpretation be considered as the definitive
product onshore without further testing. This is not to detract from the value or necessity of
this research, but to force recognition of the need to be willing to go beyond it, a topic we

return to below.

Denmark, Germany, France, Belgium, The Netherlands, Spain, Portugal

Research on settlement remains within the North Sea has been shaped by sediment transport
regimes. Both vary regionally and are highly dependent on the tidal range, which differs
between 1.5 m (e.g. in Alkmaar in the Netherlands and Blavandshuk in Denmark) and 3.8 m
(Wilhelmshaven, Germany; Behre, 2007). This large tidal range and high sediment transport
load means that one not only has to reckon with poor visibility but also high rates of erosion.
The result of this is that any organic structures and objects that are exposed are extremely
threatened and can be destroyed in very short periods. As such, the window of opportunity

for identification and investigation is short, and necessitates regular repeat survey.



Given the above conditions it is hardly surprising that to date the majority of prehistoric sites
recorded off the coasts of Belgium, the Netherlands, Germany, Denmark and the Atlantic
coast of France are represented by single finds or collections of finds exposed on the surface.
This has reduced their perceived significance to researchers as it is unclear what they
represent. This is especially the case as the context for these finds is often uncertain.
Aggregate extraction activities (dredging) can not only result in localized removal of
sediment, but wider reaching disturbance and sediment redeposition. Thus, extraction in one
area may encounter in-situ archaeological material, but then redeposit it to a secondary
location (Hosfield, 2007). The result of this is a heightened recognition of the importance of

understanding the taphonomy of offshore assemblages.

A long history of private collection of faunal and archaeological material from the North Sea
has further complicated our understanding of how representative and secure the offshore
record is. Over the last decade cooperation between amateur palaeontologists, archaeologists
and professional researchers and heritage managers has sought to address this, bringing to
light a wealth of information that had previously been undervalued (Peeters, 2011). The
success of this initiative in the Netherlands has resulted in similar projects in the UK (Bynoe
et al., 2016) which are rapidly expanding our knowledge of the submerged resource through
assessing extant, but under-researched, collections. This work also serves to highlight the
potential for submerged landscapes to contribute to deeper time (Pleistocene) questions,

balancing out the predominant focus on Holocene sequences.

While the UK may only have recently extended the remit of their Heritage regulation to their

territorial waters, the cost-by-cause principle has been well anchored in Dutch heritage law.



The result of this has been that economic activities in coastal waters of the North Sea have
been subject to archaeological evaluation where possible. Furthermore, rather than rely on a
single approach Dutch researchers and industry have worked together to develop techniques

and approaches beneficial for both parties.

A common thread in the above discussion is the difficulty that researchers have had with how
to resolve sites or artefacts at finer scale than the landscape in order to realise and prove the
potential that is being discussed. Much time has been spent in consideration of ‘if and how’
predictive models might be used to achieve this (e.g. Flemming et al., 2014). In part this has
been due to the perceived success of the ‘fishing site model’ (Benjamin, 2010; Fischer, 1993;
Fischer et al., 2007) for predicting site locations in Denmark. As Benjamin (Benjamin,
2010, p. 262) has argued:

“predictive models applied to areas where the archaeological record is particularly

lacking can be seen as a strategy for beginning the challenging task of locating

prehistoric sites underwater.”
Recent work in Bulgaria (Prahov et al., 2011) has demonstrated how this can be productive in
areas where there is known submerged prehistoric archaeology to work out from. However,
whilst the desire to adopt this strategy is understandable, the occasions on which it has been
attempted for regions with little past history of underwater excavation (from which to
construct a comparative database) have proven highly problematic. Weerts et al. (Weerts et
al., 2012) came to this conclusion after attempting to move the long established Dutch
‘indicatie kaart van archaeologische waarden’ (IKAW - indicative map of archaeological
values) offshore. They rapidly became aware that the success of the IKAW on land was
directly related to the density of information held. When extrapolated out to an area of

low/no information the system struggled. Similar research in the UK (Sturt et al., 2016)



highlighted this further, arguing that without a robust dataset to base predictions on, the
application of a predictive model risked negatively impacting on the archaeological
knowledge base. As such, the emerging consensus is that while tempting, socio-ecological
predictive models are highly problematic with regard to submerged prehistory, due to our low
level baseline knowledge. In contrast, the creation of detailed chronostratigraphic deposit
models, based on geological and geophysical data are highly useful with regard to more

accurately resolving where deposits of interest may be located.

The work at Yangtze Harbour (Rotterdam) stands as an excellent example of this approach
(Moree and Sier, 2015). Close cooperation between industry, and the interdisciplinary team
assembled to consider archaeological impacts, led to the development of an innovative
approach to intensive mapping, characterization and sampling. Adopting a staged
‘geogenetic’ approach (Vos et al., 2015) researchers carried out high resolution geophysical
and geotechnical mapping. The identification of archaeological material (burnt bone and
flint) within the cores was used to narrow down areas for further investigation. Bulk samples
were collected through use of a grab sampler (taking 2x3x0.2m volumes), with pre and post
sample multi-beam surveys used to accurately map the sample location. The sampled
material was then assessed to check its context, and if appropriate sieved and analysed. This
method resulted in the recovery of 46067 finds (Moree and Sier, 2015) relating to Mesolithic
activity in the area. As Vos et al (Vos et al., 2015, p. 22) note, “this was the first site from
which in-situ Mesolithic archaeology has been uncovered on the lower Rhine-Meuse valley
floor”. In previous research finds had been limited to the tops of relict dune systems. The
new results have helped to create an alternative understanding of Mesolithic lifeways in the

region, a significant advancement of knowledge.



The work at Yangtze Harbour is important for demonstrating what can be gained through
taking the next step with regard to verifying deposit models and artefact density plots. This
research established that the potential so openly discussed in the academic literature was
physically demonstrable, but at considerable cost. The use of the grab sampler also poses
questions. While this enabled recovery of artefactual material, confirming site presence and
vastly improved knowledge of the region, it was not capable of capturing or recording the
contextual information (pits, postholes, hearth features) that traditional excavation reveals. If
a developer were to suggest approaching a site in this manner on land approval would not be
given. As such, as a community we have accepted that in order to move forward this loss of
information was acceptable. This point is not insignificant, as our capability to investigate
submerged landscapes is considerable. We have the technologies to survey, sample and
excavate if we so choose, but the costs we are willing to incur are socially determined and
proportional to the significance of the insights generated. Thus, taking this initial step maybe
a crucial step forward in allowing a wider audience to better understand if and when a more

detailed approach might be justified.

Although the cost-by-cause principle is also enshrined in the heritage laws of Germany and
Denmark, comparable projects have yet to be carried out at this scale. However at least from
the German Wadden Sea area, intense surveys aiming a registration of cultural remains have
begun (Goldhammer and Karle, 2015; Jons et al., 2013). This work led not only to the
discovery of numerous prehistoric artefacts but also to extraordinary features. As an example
the discovery of a late Neolithic Aurochs has been made off the North Frisian Islands, when a
package of frozen sediments was washed away by the current that must have covered the site
for thousands of years. (As such, the successes achieved at Yangtzhe harbour are only

unusual due to the lack of projects at a comparable scale. The success of this work, and the



indications from the large number of landscape based projects carried out, all highlight the

need for more direct interventions of this type.

Work across the North Sea and Atlantic coasts of Europe differs to that seen within the Baltic
due to its explicit consideration of greater time-depths. Since the early work of Scuvée and
Verague (1978) at the site of Fermanville, researchers have been aware of the potential for
discovering Palaeolithic material underwater. This, when matched to the fact that the earliest
evidence for Hominin activity (c. 1 million years ago) west of the Alps is found at the coastal
site of Happisburgh, UK (Parfitt et al., 2010), has forced researchers (Bynoe et al., 2016;
Cohen et al., 2014; Dix and Sturt, 2011; Hijma et al., 2012; Roebroeks et al., 2014; Sturt,
2015; Tizzard et al., 2014, 2011) to consider the potential for a submerged record of greater
antiquity.  The surviving deposits found in the North Sea are complex, with outcrops of
Pleistocene surfaces found in close proximity to Holocene sequences (Dix and Sturt, 2011,
Hijma et al., 2012). The challenge this poses is that researchers working offshore need to
critically assess the chronology of deposits prior to any investigation. A simple elevation
based assessment of offshore sequences will not conclusively reveal their date. Thus, any
attempt to evaluate archaeological potential offshore must first begin with a chronologically

considerate deposit model.

Research within the North Sea, Channel and along the Atlantic Coast has had to grapple with
a difficult physical environment and complex geological sequence. This has encouraged the
development of sophisticated landscape and deposit modelling techniques to better
understand the changing form and current archaeological potential. Discourse at the
landscape level has helped to focus researchers on the need to understand the European

record as a whole, rather than rely on the fragments recovered within national boundaries.



The Mediterranean and Black Sea

While the overall drivers of sea-level change (Isotasy and Eustacy) remain the same, the
distance of the Mediterranean and Black Sea from glaciated regions, matched to its
tectonically and volcanically active nature, mean that the impact of these drivers is markedly
different. Within both the Mediterranean and Black Seas’ eustatic sea-level rise has played a
major role in determining palaeoshoreline location, along with more localised tectonic and
volcanic patterns, with glacio isostatic adjustment (GIA) having a much smaller impact
(Lambeck et al., 2010). The impact of tectonic and volcanic activity should not be
underestimated, with the potential for rapid vertical shifts in the region of several metres.
This means that while the -130m contour shown in figure nine is a useful guide, it is far from
definitive (Flemming, 2014). However, there is a considerable area of submerged
continental shelf that could potentially have been previously exposed at times of lower sea-
level. In particular, the major island groups (Balearic Islands, Golf de Lions, Greek Islands,
Croatia, Sardinia, Scilly, Malta, Gulf of Sirte and Cyprus) stand out as regions of potential,

along with other parts of the North African coast.

The Black Sea

The Black Sea basin and associated continental shelf are in many ways unique within the
context of this paper. This is the only marginal sea in the whole European area not to have
revealed any new submerged prehistoric archaeological material in the last 20 years. This is

not due to a lack of interest or lack of investigation, but perhaps to where the focus of



research has been drawn. Promising discoveries of Bronze Age and Chalcolithic submerged
sites were found on the Bulgarian coast in the 1980s and early 90s (see figure nine), but little
material has come to light until recent work at Ropotamo, Bulgaria (see below). In a trend
similar to that seen in the UK, resolving important issues related to palaeolandscape change
have been at the forefront of researchers minds (Caraivan et al., 2017; Lericolais, 2017;
Yanko-Homback et al., 2017). However, this has meant that academic debate, from an

archaeological perspective, has become skewed.

The significance of the region, and the importance of understanding the extent and possible
nature of the sedimentary archive and associated archaeological resource of the continental
shelf, is clear. The earliest Palaeolithic site outside of Africa is found at Dmanisi in Georgia
(Mgeladze et al., 2011) dating to c. 1.85-1.78 million years ago (Ferring et al., 2011), with a
well recognised additional spread of Palaeolithic and Mesolithic material found across
Greece and Turkey (Runnels and Ozdogan, 2001). In turn, the apparent low number of
known Palaeolithic and Mesolithic sites from Bulgaria is often attributed to the impact of the
inundation of the Black Sea shelf and associated aggradation of current inland river valleys,

focusing attention out to sea.

There is little doubt that the continental shelf of the Black Sea preserves submerged
palaeolandscapes of great interest. As recent publications have documented (Giosan et al.,
2009; Lericolais, 2017, 2004, Lericolais et al., 2013, 2009; Yanchilina et al., 2017; Yanko-
Hombach et al., 2007a, 2007b; Yanko-Hombach, 2007; Yanko-Homback et al., 2017) both
geophysical (sub-bottom) and geotechnical data have demonstrated the presence of

submerged meandering river systems (Ryan, 2007), peat deposits (Yanko-Hombach et al.,



2007a), coastal dune-like formations (Lericolais, 2017; Lericolais et al., 2007) and erosion

surfaces (Yanchilina et al., 2017) extending across the region.

Currently a water exchange exists within the Black Sea, with the freshwater inputs from the
major river systems flowing into the basin exiting out through the Bosporus, and saline water
flowing in from the Mediterranean via the same route. This occurs across a sill located c.
35m below sea level (Yanchilina et al., 2017, p. 14). During glacial periods, when sea-levels
are lower than the sill, the Black Sea forms a lake with water level dictated by variation in
freshwater input and evaporation rates, until the sill level is reached. This is a complex

hydrological system, tightly tied to global and regional climate and weather variability.

The timing and nature of lake/sea transition and associated rates of inundation have been a
hotly debated topic (A. E. Aksu et al., 2002; Constantinescu et al., 2015; Giosan et al., 2009;
Hiscott et al., 2007; Lericolais, 2017; Ryan, 2007; Ryan et al., 2003; Turney and Brown,
2007; Yanchilina et al., 2017; Yanko-Hombach et al., 2007a; Yanko-Hombach, 2007). As
(Yanchilina et al., 2017, p. 15) note, four differing hypothesis are currently offered:

1. a drop in lake level until c. 18,0000 14C years ago, with a gradual refilling with
freshwater, reaching the sill level prior to saline ingress via the Mediterranean
(Pirazzoli, 1996; Sorokin and Kuprin, 2007).

2. the maximum regression happens at 11,000 14C during the Younger Dryas,
followed by a rapid freshwater transgression ending at c. 10,000 14C, again prior
to reconnection with the Mediterranean (Ali E. Aksu et al., 2002; Hiscott et al.,
2007)— with Yanko-Hombach et al. (Mudie et al., 2014) arguing that the lake

never falls below the sill level



3. the Younger Dryas regression continues into the Preboreal, but ends with an
abrupt transgression from the Mediterranean due to eustatic sea-level rise
(Lericolais et al., 2007)

4. large scale (more pronounced than in hypothesis 3) regression until the Preboreal,
followed by significant transgression from the Mediterranean due to eustatic sea-
level rise causing a failure of the Bosphorous sill (Dimitrov, 2010; Ryan et al.,
1997; Yanchilina et al., 2017).

While a considerable amount of attention has been focused on resolving the above debate, as
Bikoulis (2015) has recently argued, its connection to archaeological perspectives has at
times been problematic and misleading. When discussing the timing and tempo of change,
and its possible impact on prehistoric societies, there is a need to carefully consider both the
lifestyles of the groups being considered and the area of impact at annual to sub-decal level.
Bikoulis (2015, p. 757) notes that early papers (Ballard et al., 2001; Coleman and Ballard,
2007) attributing inundation of the Black Sea with fundamentally shaping the nature and
distribution of Neolithic activity in the region are evidentially hard to support, yet persistent
within the literature due to their dramatic and romantic nature. In part this mismatch can be
attributed to shifts between thinking on geological and archaeological timescales.
Essentially, rapid is a relative term that needs to be contextualised within a broader
geographical and socio-cultural context. When this is taken into consideration and the
archaeological record looked at more broadly, as Bikoulis (2015, p. 769) notes, the dramatic

argument has to be seen as “not very probable”.

The result of this is that we are left with an ongoing debate as to the specifics of water-level
change within the Black Sea basin over the last 20,000 years. However, the presence of

preserved palaeolandscapes and deposits of distinct archaeological interest have been



documented by numerous researchers. Archaeologists thus have the opportunity to further
contribute to our understanding of the region through resolving why the submerged terrestrial
record appears limited to sites dating back c. 6500 years, and are limited to shallow waters
close to modern coastlines (at depths of up-to 10m). As with research in the North Sea, the
‘potential’ of this area has been heavily discussed for decades (Buynevich et al., 2011;
Coleman and Ballard, 2007; Peev and Hristova, n.d.), but a change in investigative methods

and focus was clearly required for that potential to be realised.

Happily this has begun to happen, with the Black Sea Maritime Archaeology Project directly
addressing the issues described above. This multi-national, interdisciplinary project has
carried out three seasons of offshore survey in the Bulgarian Territorial Sea and EEZ, two
seasons of coring in transects across the Bulgarian Shelf, as well as one season of excavation
at the submerged prehistoric (EBA) site of Ropotamo, in southern Bulgaria. Significantly it
has capitalised on cutting edge technologies used within offshore industries to produce a step
change in data quality (Adams et al., n.d.). Remotely operated vehicles (ROVs) have allowed
for collection of bathymetric and sub-bottom data at depth, improving the quality and
resolution of the models that can be produced. In turn, this has allowed for more carefully
targeted coring, and thus results which speak directly to archaeological concerns. With
regard to the excavations, advances in underwater photography, software and computer
power, have allowed for ultra-high resolution modelling of excavation and deposit sequences,
permitting the ‘shallow water’ story of submerged prehistoric activity to be joined
meaningfully to the deep time account of sea-level change and inundation gained from vessel
based work (Pacheco-Ruiz et al. in prep). It is international collaborative projects such as
this, working across scales and beyond the landscape level alone, which are making the most

rapid gains.



The Mediterranean
As with the Baltic and North Sea areas, observations of the presence of submerged prehistory

were made in both the Mediterranean and Black Sea during the late nineteenth and early
twentieth centuries, by scholars whose interests moved easily between geology and antiquity.
For example, Donati (1750) commented on the presence of submerged sites from antiquity
along the Croatian coast, while Negris (1904, pp. 362—3) documented archaeological material
in shallow waters in the Bay of Vatika (Greece). However, as in other regions the wider
academic community did not engage with the significance of these observations. In the case
of Negris, it was not until Flemming (1968; 1968) revisited the area that the value of the
submerged site (Pavolopetri) was realised. Thus, in many respects the story of submerged
prehistory in the Mediterranean mirrors that in other areas; important initial observations in
the early twentieth century followed by a period of relative inactivity, prior to re-engagement

in the 1960s and 70s.

Harding’s (Harding et al., 1969) research built on Flemming’s observations at Pavlopetri,
leading to survey and recording of an extensive submerged Bronze Age settlement. This
work helped to add weight to the idea that exacting and productive work could be carried out
on submerged prehistoric sites.  This mantle was to be picked up in the 1970s by Raban
(1983) and Gallili (1988) through their investigation of submerged prehistoric settlements
along the coast of Israel, and in particular the sites along the Carmel coast, such as Atlit Yam
(Galili et al., 1993). Continuing work along this coastline has helped to recover important
archaeological data, and also contributed to understandings of sea-level change within the
region (Galili et al., 1988). Again, the key developments have been derived from seabed

archaeological investigation of deposits by divers.



As in other areas attention has varied through time, with interest being ignited and reignited
at different points in time. However, shared themes and areas of interest can be identified,
speaking to larger pan regional issues. The first of these relate to issues of colonization and
population movement during the Pleistocene and Early Holocene.  Due to the complex
tectonic history of the region and the presence of large offshore islands and archipelagos
archaeologists have long had an interest in determining the degree to which changes in sea-
level impact on the ease and /or technological capabilities required to reach different
locations (e.g. Sciliy (Antonioli et al., 2014), Malta (Foglini et al., 2015) Cyprus (Galili et
al., 2015)) and the previous extent of dryland areas (e.g. the Aegean (Sakellariou and
Galanidou, 2015)). The significance of these questions for our understanding of patterns of
communication and interaction are such that they have remained at the forefront of research
for over forty years. However, the highly regionally variable nature of both the tectonic and
archaeological record means that at times work at a given location is seen as parochial rather
than of international relevance. It is only through joining these local records into a more
coherent regional view that we can begin to reflect on some of the larger questions; from
Eurasian Palaeolithic dispersals through to the spread of ideas and or people associated with

the onset of the Neolithic.

Significant holes remain with regard to our knowledge of local and regional records across
the region, and overall there is a worrying paucity of stratified sites in context. This is
important due to the fact that an appreciation in the variability (timing, intensity and evidence
for connectivity/shared attributes) of the archaeological record is often fundamental for
evaluating the veracity of current explanations (Anderson-Whymark et al., 2015; Broodbank,

2013, 2006, 2000). As such, the second key issue that emerges is the significance of local



records in the light of pan regional trends. In this sense the archaeological records of the
Balearic Islands, Greek Islands, Croatia, Sardinia, Scilly, Malta and Cyprus are as significant
for what they tell us about the process of Holocene population movement and cultural change
as any other, and the comparative lack of direct survey of their submerged extents poses a
wonderful opportunity. Similarly there are considerable expanses of the Mediterranean
shoreline and continental shelf that remain understudied. The Golf de Lions, Gulf of Sirte
and Albanian coastline all stand out as still being heavily understudied. While an increasing
amount of desktop and landscape level work is carried out, there is still a comparative lack of
ground truthing, with recent work indicating the significant rewards such work can produce

(Benjamin et al., 2011; Henderson et al., 2011).

The Americas

The Americas have a long a history of research into submerged prehistory, with pioneering
work in the 1960s that often fails to get the recognition it deserves. During the last half
century, multidisciplinary research and offshore industrial development has enabled the
building of a remarkable body of scientific knowledge concerning submerged prehistoric
sites. Diverse Archaic and some Paleoindian period sites are known from both the Atlantic
and Pacific shelves, mainly from North America. These sites feature prominently in the
principal recent reviews of the region (Bailey and Parkington, 1988; Evans et al., 2014;
Faught and Gusick, 2011; Johnson and Stright, 1992; Masters and Flemming, 1983) and are
shown in figure ten. However, over the last decade there has been a renewed interest in late
Pleistocene sites with regard to the light they may shed on the colonization of the new world

(Goldberg et al., 2016; Pedersen et al., 2016).



North America

The prehistoric implications of the submerged Atlantic continental shelf of North America
was first underscored in a seminal work by Emery and Edwards (1966). Drawing on large
scale sediment sampling, radiocarbon dates and seismic profiling data they concluded that by
~11,000 years ago most of the continental shelf was exposed, with the shoreline lying as far
as 150 km seaward and sea level about 60 m below present sea level. Evidence of
Paleoindian and Archaic cultures, well documented along the Atlantic coast, was expected to
be found on the sea floor in relict sand areas, most probably adjacent to former rivers (Emery
and Edwards, 1966, p. 736). Emery and Edwards’s (1966) work built on the equally
significant, but less frequently cited research carried out by Goggin (1960) and Shepard
(1964). Both researchers had clearly identified the value of submerged prehistoric sites at
water depths accessible via SCUBA diving (within 60m water depth). This, added to the
periodic discovery of Late Pleistocene continental fauna including bones, teeth and skulls of
mastodon and mammoth by deep-sea fishermen (Whitmore et al., 1967), helped researchers

move from a conceptual idea of potential to one with recognised associated physical material.

Whilst lithic artefacts and Pleistocene faunal material have been recovered for decades by
local fishermen and clammers along the coast of the Middle Atlantic (Blanton, 1996;
Stanford et al., 2014) evidence of submerged prehistoric sites remains scarce (Johnson and
Stright, 1992; Stright, 1990). However, as Standford et al. (2014, p. 90) argue, the

significance of these stray finds should not be underestimated. They indicate the quantity of



material that might be recovered and the high potential for information rich submerged

terrestrial deposits to be encountered.

For decades the eastern continental shelf of North America has been the focus of systematic
oceanography and geomorphology based research strategies for palaeogeographic
reconstruction, detecting and mapping relict landform features, and assessing archaeological
value (Blanton, 1996; Coleman and McBride, 2008; Emery and Edwards, 1966; Garrison et
al., 2016; Kraft et al., 1983). Thus in many ways the work in North America prefigured
approaches and ideas later developed in North West Europe. However, they have also
encountered the same issues with regard to the difficulty of moving beyond large area
landscape survey. It is for this reason that historical review of research into submerged
prehistory is so important. The research carried out in North America in the early 1960s is
very similar in terms of scope and method to landscape scale investigations being carried out
across the world today. In turn it can be seen to have stalled following this promising start
due to the difficulties in detecting and resolving actual sites and small artefacts. This being
said, regulations regarding pre-disturbance surveys in commercial licenses have forced a new
interest in the subject, with a re-emergent community of scholars apparent at major

conferences such as the Society for American Archaeology.

Recent investigation in lakes and riverine environments reflects this new community,
building up a significant skillset and experience of identification and excavation of
submerged prehistoric sites. In Damariscotta River, Maine, Leach et al (2007) successfully
developed a method for characterizing relict beds of oyster and inferring probable location of
inundated shell midden sites, using shallow marine geophysics, vibracoring and comparative

archaeological data from excavated terrestrial middens. In Lake Huron, a research strategy



based on remote sensing, ROV and diver ground-truthing operations combined with
computer simulation has been successfully applied to provide archaeological and
paleoenvironmental evidence of complex terrestrial hunting structures (O’Shea et al., 2014;
O’Shea and Meadows, 2009). The finds made at these sites include submerged 9,000-year-
old caribou stone drive lanes and associated artefacts. Together these provide unprecedented
insight into the social and seasonal organization of early hunters in the Great Lakes region

(O’Shea et al., 2013, 2014).

The discovery of an in-situ human burial at Manasota Key (Florida) has helped affirm the
continued argument for the finding sites of this nature offshore (FBAR, 2018). An amateur
diver reported the discovery of possible human remains to the Florida Bureau of
Archaeological Research in June 2016. Subsequent research proved the material to be in-situ
and date from the archaic period (7200 years ago). As such, the tools and techniques for the
investigation of submerged prehistoric sites can be seen to have been developed and applied,
although in a very restricted number of cases.  The challenge now lies in ensuring
widespread dissemination of this work as well as adapting and applying these methods for
more widespread use. Initial signs are encouraging, with the Bureau of Ocean Energy and
Management once again funding proactive research into submerged landscapes (this time off

Oregon and California, led by Braje and Davis (Watson, 2018, p. 232)).

South America



As in North America, the eastern continental shelf of South America is relatively wide and
presents a very low gradient (see figure eleven). Extensive coastal plains were exposed as dry
land during the LGM due to lower sea levels, thus offering substantial potential for inundated
archaeological sites. It is a remarkable fact that, in spite of this, prehistoric archaeology on
the submerged Atlantic continental shelf is virtually unknown. However, there is a rapidly
improving palaeoenvironmental and paleontological picture which can be used to inform our
understanding of archaeological site discovery. It is here that the contrast between North
and South America is clear. The first order work to describe areas of interest was well
underway in the North by the late 1960s, within the South these steps have still yet to be

taken.

The limited understanding of submerged palaeolandscapes once suitable for Late Pleistocene
plant and animal life is based primarily on chance finds. Fossils of terrestrial mammals along
the coasts of southern Brazil are found associated with large concentrations of fossil shellfish
and other marine organisms from the inner continental shelf. These have been removed and
transported from the submarine deposits to the coast during storm events, thus forming large
konzentrat-lagerstatte on the beach called concheiros (Aires and Lopes, 2012; Lopes and
Buchmann, 2011). In addition, terrestrial megamammal fossils of this period have been
trawled up from the outer continental shelf at depths of 20 m and between 20 to 36 km
offshore (Aires and Lopes, 2012). Thus, in a similar fashion to the incidence of Pleistocene
megafauna identified by trawling in the North Sea (Bynoe et al., 2016) and the eastern
seaboard of the United States of America (Stanford et al., 2014), the factual habitability of

the continental shelf of South America has been verified through industrial activity.



Sambaquis, well-known Brazilian shell mounds built by fisher-gatherer groups between
7,000 and 3,000 years ago, typically occur in highly productive bay and lagoon ecotones, and
are widely distributed along the coast (Gaspar, 2014; Gaspar et al., 2008). The connection
between the spatial distribution of these large constructed funerary monuments — some of
them located more than ~30 km inland- and the Holocene sea-level variation has been
underscored and attributed to lagoonal extents being larger in the past than today (Martin et
al., 1996, p. 305). Whilst it has been suggested that the older sambaquis were destroyed by
marine transgression since the late Pleistocene, this remains little more than a plausible
argument (Figuti et al.,, 2013, p. 1219). Conducting innovative investigations Calippo
(Calippo, 2006) was able to test and date sambaquis in the Cananéia area. These sites had
drowned components, confirming that preservation of shell mounds during Holocene sea
level-rise is highly variable and dependent on local conditions(Ayup, 1991; Martin et al.,

1996).

A major coastal landscape feature of Atlantic South America is the Rio de la Plata estuary.
During the LGM, sea-level reached a maximum variation of ~130 m and the PaleoParana
river flowed into the Atlantic. By 11,000 years ago the continental shelf adjacent to the Rio
de la Plata featured an extensive coastal plain controlled by a drainage system with deltaic
branches, coastal lagoons and sand dune systems (Ayup, 1991). As suggested by Lopez et al.
(Lopez Mazz et al., 2003), this paleodeltaic environment was a highly productive ecosystem
attracting large herbivores seasonally, and hence, a very probable location for the earliest
human inhabitants of the region. However, remarkably little investigation has been made of

this area.



No submerged prehistoric sites have been detected on the continental shelf of Uruguay, but
both the potential biases introduced by postglacial sea-level rise on the Atlantic coastal
archaeological record and the strong connection between human occupations to lowland
environments and Holocene eustatic variations have been acknowledged (Bracco and Ures,
1998; Lopez Mazz and Gascue, 2007) Isolated finds of prehistoric artefacts attributable to the
Pleistocene-Holocene transition have been recovered from beaches and are interpreted as
redeposited reworked material from submerged sites disturbed by storm events. Thus again,

the high likelihood of sites being preserved has been noted, but not demonstrated.

Besides isolated artefact finds, the only submerged prehistoric site reported for the southern
Atlantic coast is La Olla (Bayon and Politis, 2014). Located in the southern Pampa region,
the site is placed at the limit of the low tide line, in an inter-tidal environment, almost
permanently covered by sand sediments and water. La Olla exhibits exceptional site integrity
with remarkable high-resolution archaeological deposits containing well preserved organic
materials, thus yielding an important assemblage of bone and wooden artefacts employed by
Pampean hunter-gatherers. Sustained multidisciplinary research conducted at the site has
provided substantial new data on early human adaptation to the southern Atlantic by the

Early and Middle Holocene (ca.7.400 to ca. 6,480 14C) (Bayon and Politis, 2014).

In contrast to the Atlantic coast the Pacific continental shelf of South America exhibits a
relatively narrow width, with the high relief of the Andes and the Nazca-South America plate
subduction zone running parallel to the coastline. No evidence of submerged prehistoric sites
has been reported so far for the Andean Pacific coasts of Colombia, Ecuador or Peru, while
only a single Late Pleistocene submerged site has been detected within nearshore Central

Chile.



Since the early 1980’s postglacial Holocene sea-level rise was used to explain the scarcity of
pre-5,000 BP coastal archaeological record found along the shorelines of Perd (Richardson
I11, 1981). According to this hypothesis the majority of early maritime sites had been
inundated and removed from sight. Those that did survive (such as Quebrada Jaguay
(Sandweiss et al., 1998)) were thought to be located at interior seasonal resources zones, or at
freshwater sources (Richardson 111, 1998, p. 44). Alternatively, Bailey and Flemming (2008,
p. 6) proposed that rapid tectonic uplift caused by subduction activity has preserved coastal
sites in land along raised palaeoshorelines. The complexity of uplift patterns, and sea-level
change along this coastline means that it is possible for both explanations to be true of
different regions. As such, this coastline stands as an area in much need of additional

research, particularly in light of recent work on submerged Pleistocene sites in Chile.

Site GNL Quintero 1 (GNLQL), located on the central coast of Chile (32° S) represents the
only documented Late Pleistocene drowned terrestrial site along the Pacific Coast of South
America at a depth of 13 m and 650 m offshore. Largely undisturbed deposits on the seabed
contain a primary stratigraphic record of continental faunal remains have been systematically
excavated and dated to 21-27,000 cal BP. Considering the exceptional preservation of the
evidence, research has primarily focused on investigating terrestrial and marine taphonomic
agents and developing improved methodologies for contextual data and bone recovery
(Cartajena et al., 2013; Lopez et al., 2012). A new phase of paleolandscape research strategy,
including the comprehensive application of remote sensing technologies, geological
interpretation of industrial land and offshore coring, isotopic paleoecology reconstruction and
extensive underwater archaeological excavations is currently being conducted (Carabias et

al., 2014). Conclusive evidence supporting human activity at GNLQ1 is scarce, only



represented by two bone cut-marks (Lépez et al., 2016; Lopez Mendoza et al., 2016). This
fact locates GNLQ1 according to Borrero (Borrero, 2016, p. 8) within the “ambiguity” cases
that usefully contribute to the debate on the early peopling of South America, but will require

further research.

GNLQ1 provides the first conclusive evidence for the existence and preservation of a
drowned landscape viable for both extinct megafauna and early human occupation and
movement along the Pacific coast of South America during the Late Pleistocene (Carabias et
al., 2014). It demonstrates that this evidence can survive on a relatively narrow and steep
continental shelf, on an open exposed oceanic coast, and that further investigations are
urgently required. This is particularly important given the heated nature of the debate
surrounding the colonization of the Americas and the potential role that the seaways and

coastal margin may have played (Anderson and Bissett, 2015; Dixon and Monteleone, 2014).

Africa & Arabia

Given the size of the continent and the centrality of developments within Africa to our
understanding of humanity’s past, it is perhaps surprising how little research has been carried
out into the archaeology of its submerged continental shelf. Dingle and Rogers (1972) first
drew attention to the impact that sea-level change could have had on terrestrial site
distributions. They argued this could go someway to explain apparent discrepancies in
intensity of activity between the Middles Stone Age and Holocene Later Stone Age. They
argued that contemporary interpretations were likely skewed due to sites now being

submerged offshore on what was once an extensive low lying coastal plain. This point was



picked up on by Van Andel (1989; 1989) who pushed the idea further narrowing the temporal
window under which the exposed shelf would have been wide enough to provide a
substantial area for occupation and exploitation. Van Andel (T. van Andel, 1989, p. 742)
went onto argue that providing temporally appropriate palaeogeographic maps was essential
for any work that wanted to better understand histories of occupation or migration patterns at
a global scale. These considered and well supported arguments, however, failed to generate
the additional research into the submerged shelf that would logically have followed. This
was despite the discovery of a hand axe and additional lithic material at the bottom of 3.5m
test pit dug 8m underwater offshore of Table Bay in the early 1990s (Werz et al., 2014, p.
234; Werz and Flemming, 2001). These finds were made as part of project investigating two
shipwrecks, and were thus an unexpected discovery. Geotechnical pits had been dug to
reveal the stratigraphy and geomorphology of the area in order to better understand wreck-
site formation process. Towards the base of one of these pits lithic materials were recovered,
some from a gravel deposit, but also from a red brown sand thought to reflect a submerged

terrestrial deposit (Werz and Flemming, 2001).

Reflecting the trend in other regions, this topic has now been re-engaged with. Cawthra et
al.’s

(2015) in Mossel Bay, South Africa, has mapped the seafloor and taken sediment samples to
ground truth geophysical readings. This work has identified relict terrestrial features, a
submerged drowned coastal barrier system (Cawthra et al., 2015, p. 228) and identified that
the submerged coastal plain would have represent a very different environment to that on
offer in the currently terrestrial exposed adjacent region (Cawthra et al., 2015, p. 231). Thus,

taken together, Dingle and Rogers (1972) and Van Andel’s (1989) agenda setting work,

matched to Werz et al.’s (2014) artefact recovery and Cawthra et al.’s (2015) regional survey,



reflects a documented and proven potential. As Cawthra et al (2015, p231) argue, this all

points to the rapid gains that could be made if additional research were facilitated.

Discussion of the contribution that the submerged continental shelf could make to our
understanding of hominin migrations has received renewed interest in recent years (Bailey,
2009; Flemming, 2017; Groucutt et al., 2015). As Flemming (2017, p.270) has argued, these
have at times relied on sweeping arrows and assumptions as to the uniformity and
productivity of the submerged shelf. However, more recent investigation (Groucutt et al.,
2015) have become more specific in their attempts to understand the role and form that
submerged landscapes could have taken. In particular, Bailey et al. (2017b, 2015, 2007) have
taken up the challenge to not only model the landscape, but carry out ground-truthing
activities (from geotechnical (Bailey et al., 2017b) to diver survey (Bailey et al. 2007).
Focusing on the southern Red Sea Farasan islands, they have identified that the now
inundated landscape would have had many characteristics thought to be attractive to early
human populations (narrow connecting valleys and topographic bottlenecks) for their ability
to capture water and provide habitat for large mammals (Bailey et al. 2017, p. 368). This
work thus deliberately sought to move beyond the ‘trope of potential’ alone. In so doing it
also revealed the considerable difference in expenditure of effort vs. reward with regard to
vessel borne landscape survey and diver investigations. Given the paucity of previous data in
the area the gains made from the regional survey were rapid and significant. In contrast the
diver based survey provided a different quality of information, but should be viewed as part

of a longitudinal effort to resolve hypothetical discussion with material cultural evidence.

Figure thirteen is a very telling image. For the continent of Africa and the region of Arabia

only three locations are drawn out as having had significant investigation. It is highly likely



that some regional surveys have been missed, however, the lack of investigation as opposed
to the potential to answer key archaeological questions with regard to hominin behaviour and

dispersal is striking.

Australia and South East Asia

As within other regions, the late nineteenth and early twentieth century saw an explicit
awareness of the enormity of geographical change that had occurred due to changing sea-
levels. Daly (1910) realised coral reefs could be used as proxies for sea-level change, and
that these indicated the extent to which sea-levels had been lower in the past, creating a
greater extent of exposed land on Sunda and Sahul. As Allen and O’Connell (Allen and
O’Connell, 2008, p. 32) note, this was picked up on by Grafton Elliot Smith in 1914 at a
meeting of the British Association of the Advancement of Science in Sydney, with the
argument made that early colonization of New Guinea and Australia would have required a
significant sea crossing. This idea was then developed by Danes (Danes, 1925, p. 292), who
argued strongly that Pleistocene fluctuations in sea-level would have played a crucial part in

human dispersal and colonisation, commenting specifically on the case of Australia.

As in other regions, this recognition of substantial coastline reconfiguration and its
significance for archaeological research then receded into the background. When it did re-
emerge as a topic for focused consideration it was directly related to discussion of the role

seafaring in the colonization of Australia (Allen et al., 1977; Balme, 2013; Birdsell, 1977).



This in turn began to feed into what has become the polarized debate as to when colonization
occurred. Broadly this can be split into two camps, those in favour of a short chronology
(with colonization occurring from c. 45,000 BP (Allen and O’Connell, 2008; Hiscock et al.,
2016; O’Connell and Allen, 2015, 2007)) and those who argue for a longer period of
occupation (typically argued to be >50,000 BP (Clarkson et al., 2017; Roberts et al., 1994;

Thorne et al., 1999).

Active research into the submerged prehistory of Sunda and Sahul again becomes a story of
long periods of inactivity punctuated by investigations led by highly motivated individuals.
Key amongst this work was that of Flemming (Flemming, 1983, 1982) at Cootamundra
Shoals (see figure 14 and 15). Here an active attempt was made at selecting areas thought to
be of high potential with regard to preservation of Pleistocene landscapes and possible cave
sites 200 miles offshore along palaeoshorelines corresponding to presumed dates of early
colonization. The work was agenda setting and ambitious, mobilising a team of researchers
to work at depth (from 30-60m below sea-level). Sadly no anthropogenic material or rock
shelters suitable for habitation were discovered, although the terrain would have provided
calm sheltered embayments rich with vegetation and shellfish. Thus, rather than marking the
beginning of a series of investigations seeking to build on one another, the lack of recovery
led to a lack of follow-on research. However, this highlights importance of managing
expectations. Effectively this was a targeted sampling of the seabed, with a well-constructed
rationale. Given the sparse nature of Pleistocene sites, to hope for success from a single

project is to ignore the experience we have gained from decades of terrestrial research.

This has recently been recognised through a reengagement with the topic (Nutley et al., 2016;

Veth et al., 20173, 2017b, 2016, Ward et al., 2015, 2014, 2013). Two distinct strands of work



can be seen to have emerged; site specific investigations looking at potential survival of
submerged rock shelter that might have been used by prehistoric populations (Nutley, 2014)
and landscape/process driven research (Brooke et al., 2017; Ward et al., 2015, 2014) seeking
to better understand context and potential. This latter body of work adopts an approach
similar to that seen in recent years in the Northern hemisphere, integrating onshore and
offshore records to create an improved understanding of what the submerged resource might
offer. In particular Ward et al. (2015) take a holistic view, through considering what offshore
sedimentary regimes indicate about past coastal resource availability. In this sense their
engagement with submerged landscapes goes beyond an attempt to identify ‘sites’ but
considers the submerged shelf as a larger, and potentially more valuable, scientific resource.
In addition, through considering these processes we not only engage with what the landscape
might have been like, but also the seascape. This appears crucial if discussions of likely

routes of maritime colonization are to be resolved.

With the data that is being collected by academic research groups and offshore industry, the
possibility now exists to extend Ward et al’s (2015) work and to consider how changes in
sea-level may have impacted on currents in the sea and bioproductivity. In combining these
data the implications of the long and short chronology in relation to maritime environments at
the time can be considered. What distance of sea-crossing is envisaged and where might
early settlers have landed? As figure 15 illustrates, in both chronological scenarios the
land/sea boundaries would have been radically different, as may have been the currents that
could have carried settlers to Australia. Thus, just as in other regions, this recent work on
submerged prehistory focuses on removing the modern land sea boundary in order to give a
more coherent picture of the past. As Ward et al (2015) demonstrate, this approach allows

for regions where multiple questions can be answered to be identified allowing for efficient



research, with the Dampier archipelago and Barrow island coming to the fore. Work at these
locations demands an understanding of changing palaeogeography in order to interpret the
record encountered. In turn it also helps focus attention on the potentially significant blank
that the submerged region of the continental shelf currently represents, both with regard to
possible environmental archives and site locations. This is particularly important due to the
growing record indicating the significance of marine resources during this period across the
region (Samper Carro et al., 2016). Research into the archaeological record of the submerged
continental shelf of Australia has recently taken a leap forward with the funding of the Deep
History of Sea Country (Benjamin et al., 2017) and ACROSS (Farr et al., 2018) projects.
Benjamin et al. (2017) are deliberately seeking to address the lack of targeted survey and
ground-truthing that has taken place in recent years. Through an interdisciplinary project
they are adopting new (bathymetric LIDAR) and traditional technologies to create data of the
resolution required for resolving archaeological sites and features. Such work is
fundamental if discussion is to move beyond the ‘if’s but’s and maybes’ of broader

hypothetical synthesis.

Technological developments and increased capacity

From the discussion above it could be possible to conclude that little technological or
methodological progress has been made since the 1960s. Goggin’s (1960) research in North
America combined geophysical, geotechnical and radiocarbon data to account for the
potential of submerged landscapes in a similar way to work carried out in 2017. This
however, is far from the truth. Increases in computing power have radically altered the
amount of and speed at which data can be processed, with geotechnical software packages

and geographical information systems allowing for easier integration and visualisation of



datasets (figure sixteen). In a similar vein, developments in swath bathymetry and sub-
bottom profiling, controlled by differential GPS technologies and motion reference units on
board vessels allow for significantly improved precision and accuracy in data collection
(figure seventeen). This in turn allows for more careful selection of appropriate locations for

geotechnical sampling, and application of the new and emergent techniques discussed below.

Smith et al’s (2015) extraction and interpretation of DNA from sediment samples recovered
from the submerged site of Bouldnor CIliff has proven both controversial and disruptive.
Through a combination of microgeomorphological, more traditional microfossil and
sedimentary DNA (sedaDNA) analysis, Smith et al (2015) argued for the presence of wheat
in southern England around 8000 BP. This was startling due to the fact that it predated all
other indicators for wheat in the region by almost 2000 years. The reliability of the result
was questioned on a number of grounds (the reliability of dating (Bennett, 2015) and
potential for contamination (Weil et al., 2015)). Whilst there may be issues that need to be
resolved with regard to sampling and interpretation, the potential for SedaDNA to
reconfigure what we can hope to recover from submerged sedimentary archives is
considerable. It is in this sense that it is viewed as a disruptive technology with potential
application across the globe. To this end Gaffney et al. (2017, p. 311) are continuing to
explore the potential for SedaDNA through a large scale investigation of the submerged

landscapes of the North and Irish seas.



The discussion above has made clear that one of the most complex challenges facing
submerged prehistory relates to moving from large scale discussions of landscape and
environment, to ones which generate site data which is commensurate with more traditional
archaeological research. SedaDNA may offer one way in which this gap can be bridged
through providing a richer insight into the makeup of past environments, and the people who
lived there. The heated nature of the debate surrounding the limited use of sedaDNA for
archaeological purposes offshore clearly demonstrates the need for caution and further
research. However, the potential gains make this endeavour highly compelling. Through
developing these techniques and refining their application it will be possible to move away
from use of submerged prehistory as a ‘black box’ to explain away absences in the record. In

this manner, we will move from a discourse of potential to one of realisation.

Technologically, advances in remotely operated vehicle (ROV) and autonomous underwater
vehicle (AUV) capability is slowly transforming possible modes of data collection. The
mounting of sub-bottom, swath bathymetry, high resolution cameras and push core sampling
systems on ROVs and AUVs is allowing for capture of higher resolution datasets at greater
depths. In turn this enables more accurate deposit modelling, core location targeting and
landscape reconstruction. It is also now possible to view and sample sites at depths and in
conditions which might make diving unfavourable. Continued developments in this area are
now also making it possible to carry out excavation remotely, further extending our reach as

archaeologists.

As the accounts of global and regional research trends make clear, however, technological
and scientific capability has not been the major constraint on research into submerged

prehistory. The fundamental issue can be seen to lie with conservation of momentum, sharing



of data, innovation in research approaches and, critically, the creating opportunities for large
scale excavation and sampling programmes. As such, the technological innovations that
might have the biggest impact are those that enable data sharing, both geophysical and
archaeological. The SPLASHCOS viewer which went live in 2016 allows open access to the
location of submerged prehistoric sites across Europe. If extended to a global scale the
ability to track developments and reconsider best practice would be greatly enhanced.
Similarly, national agencies are increasingly making geophysical datasets freely available
(e.g. the European marine observation and data network and the National Oceanographic and
Atmospheric Administration in the U.S.A.). If this trend were extended to geotechnical and
chronometric data, rapid advances could be made in first order assessments of offshore
regions. This in turn would allow for more detailed consideration as to how, where and when
to take the next critical step towards ground-truthing. As Moree and Sier (2015) have shown,
this does not require a transformation in technological capability, more a clearly articulated

argument for its necessity.

Discussion

At the start of this paper we suggested there were four unifying themes that worked across
the areas we considered: strength through diversity, the significance of context, clear
opportunities and the need for coordinated action. In the sections below we reflect on each
of these themes before considering how, when taken together with the historical sense of

trajectory given above, they help map out the future frontiers for the discipline.

Strength through diversity:
As the regional reviews demonstrate, a variety of different approaches to the study of

submerged prehistory have been developed. In many respects these reflect the nature of the



marine environments being investigated; from development of excavation techniques in the
clear and shallow waters of the Baltic and the Mediterranean, through to geophysical and
geotechnical landscape reconstruction in the murkier depths of the North Sea and the anoxic
waters of the Black Sea. In addition, they speak to the different motivations for work, from
academic research to development led projects. However, this variability in approach now
represents one of the community’s assets; collectively we are able to operate at both large and

small scales and have significant experience in doing so.

It has been demonstrated that in-situ material can be carefully excavated and recovered
underwater in a similar way to that practiced terrestrially. Thus, if sites scan be identified
they can be excavated. The challenge thus lies in sampling these spaces at a frequency and in
a manner which mirrors the scale of intervention on land. Over one hundred years of
terrestrial archaeological practice has shown us that large scale sampling is the way to
encounter archaeological sites to the point that, if we so wish, predictive modelling can be
used to further enhance the process. At present there are no geophysical techniques that will
allow for a shortcut to be taken, as there is no capability to detect the lithic scatters and
shallow pits that make up the majority of the prehistoric record. If we are unwilling to
accept the challenge this represents, we must recognise that the submerged record will yield
different streams of data and address different questions to those traditionally explored on
land. In essence, the potential we talk of will never be recognised in the manner which we

envisage.

This has reached a critical point in the UK and North America where there needs to be
recognition that landscape reconstruction alone cannot answer all the questions we are

currently asking of the submerged prehistoric record. This might mean adopting sampling



approaches similar to those seen in the work of Moree and Sier (2015), committing to the
long term gradualistic methodologies such as those established in Israel, or making stronger
calls for far reaching projects with the resources to address both landscape and site level
issues on compressed timescales, as seen in the Black Sea MAP or Lost Frontiers Projects
(Gaffney et al., 2017).  This is not to suggest that continued landscape and environmental
survey is not required in these regions, rather, that if we want to answer the questions that the
archaeological community has identified as of central importance, we need to make progress

in other ways as well.

The lesson that Moree and Sier (2015) and Gaffney et al.’s (2017) work teaches us is that
radical gains can be made by deliberately seeking to move away from established modes of
practice for a given region. Experimentation and efforts to capture data of different qualities
can serve to positively disrupt the discipline and re-ignite debate. What we need to avoid is
stagnation, through regional practices becoming established as the only means of knowing
the submerged prehistoric record. If we submit to this line of thinking, the potential
discussed in each area will never fully be realised. The positive emerging out of this
discussion is that globally we have a community of researchers with the shared capability to

resolve any issues we may encounter, be they landscape or site based.

The significance of context:

While the discovery of in-situ sites may be the gold standard of archaeological investigation,
work on submerged prehistory has helped to focus attention on the necessity of understanding
broader contexts in detail. In order to manage expectations, as encountering sites can never
be guaranteed, concepts of ‘value’ attributed to offshore sequences need to be given greater

significance. In essence, the ‘trope of potential’ needs to move away from the image of



Tybrind Vig, to one of a fine grained spatially and temporally sensitive appreciation of
context. The construction of detailed and chronologically refined deposit models are crucial
to all archaeological work, be it site investigation or regional narratives of shifting
palaeogeography. Achieving this, is no small matter and does not preclude the site level

investigations described above.

One thing that has clearly emerged through drawing the data together for this paper is the
transformative impact that open access data can have. The SPLASHCOS viewer has allowed
us to see the location of known sites across Europe. This, when matched to bathymetric data
from GEBCO and EMODNET allows for an understanding of context. However, while it is
possible to gain access to core logs and geophysical datasets, it is considerably harder to do at
a scale which allows for rapid investigation. As such, sharing of these datasets and
encouraging commercial operations to also release non-sensitive information will yield
significant results. This can already be seen in impact of Gaffney et al’s (2007) work on
Doggerland, and the potential readily apparent in the 3D geophysical datasets made freely
available for areas off the Australian coast. To achieve this level of data sharing will require
a combined effort by marine scientists and archaeologists. As an action it is of the utmost
importance if we wish to accelerate the rate at which advances are made, rather than waste

time replicating surveys or failing to locate information already in the public domain.

Advances in SedaDNA offer an additional value to these archives, and have the potential to
speak to long standing, large scale stories of colonisation and population movement. As
such, the information we hold on offshore sedimentary archives need to be more accessible

and more highly valued within the literature.



Clear Opportunities:

While wide ranging in scope, this review cannot encompass all developments and sites that
have been discovered. It is interesting to reflect on what has not been said as much as what
has been addressed. For all its geographical breadth the text above has not touched on areas
within the tropics, Bay of Bengal, South China, East china and Yellow Seas, or the Sea of
Japan. This is not to say that these areas are without high potential (Flemming, 2004), but
that evidence for, or discussion of, that potential has not been widely circulated. With regard
to the South China Sea, the recent recovery of a hominin jawbone by fishermen from the
Penghu channel, 25km offshore from Taiwan and in a water depth of 60-120m has raised
international awareness as to the potential for the submerged continental shelves of this
region to contribute to our understandings of prehistory (Chang et al. 2015). As Hayashida
et al. (2014, 289) argue, the story from this region is again of local antiquarians recognising
this potential from the early twentieth century onwards, but with limited investigations
serving to carry ideas forward. It is hard to look at the bathymetric maps of these extensive

coastlines and not continue to see this potential.

The need for coordinated action:

It is this word, potential, that resurfaces most frequently in the texts related to study of
submerged landscapes. Given the repetitive pattern of early recognition in the late nineteenth
and early twentieth centuries, pioneering works in the 1930s, 50s and 60s and 70s, followed
by regional ‘re-discoveries’ and development, it could be possible to become pessimistic.
This is a long period of time over which to have discussed potential, but to have rarely been
seen to have delivered on it. However, such an interpretation would be misguided and based
on a skewed perception of the field. As figure three demonstrates, the number of active

researchers publishing on the topic of submerged landscapes is remarkably small. At this



population density it is perhaps unsurprising that it has been hard to maintain momentum at a
global level, with individual researchers making significant differences. As careers develop
attention is focused and ground gained, and with retirements come potential loss of
continuity. ~ This is perhaps surprising as while the number of people who consider
themselves to be investigating submerged landscapes within an archaeological context may
be small, the numbers contributing through a larger geoscience context is significant. As
such, future developments within the field depend on greater integration and communication
with these groups, and the maintenance of a scholarly community working towards a set of

shared goals.

In this light, how we manage the expectations and demands of funders needs to be carefully
considered.  Within academia there is increasing pressure to document how the research
being conducted will radically transform the field of study. This leads for continued pushes
towards identification of ‘the earliest’ sites or claims as to definitive insights into the most
significant changes to society. The result is a focus on particular narratives from submerged
contexts; catastrophic events, exceptional preservation or migration pathways. In reality we
need to prepare people for the fact that in some instances this is a long-term project, where
significant gains can be foreseen but will take time to develop. The only way to speed this up
IS to encourage greater data sharing and communication between researchers across academia

and industry at a global scale.

Conclusion

Writing at the start of 2018 there is a palpable sense that this field of research stands poised

to transform our understanding of the prehistoric past. This is in spite of the fact that in



recent decades the subject has suffered from a geographical and temporal stop-start of effort

that has repeatedly led to a loss of capability and institutional knowledge.

Cumulatively, over three thousand seabed prehistoric sites have been identified in the last 50
years, with examples off the coast of every continent, and ranging in age from 5000 years old
to about 1 million years. In some regions a sufficient number of sites have been found to
address key archaeological questions, while in others research is only beginning.
Improvements in seabed survey technology in recent decades, and access to data of
commercial origin, present the opportunity to reconstruct palaeo-environments at a spatial
resolution of a few metres, and thanks to Bayesian modelling, a chronological resolution
nearing the generational. Added to this national and international regulations now require
coastal states to consider protection of submerged prehistoric sites, encouraging further

survey and investigation.

What holds us on the knife-edge between realising this opportunity and failing to capitalise
on it is accepting what that challenge means. Lapsing back into a patchwork of local and sub-
regional ad-hoc projects will ensure that the subject collapses again, as it has done so often in
the past. First, there is a need to reconceptualise what constitutes submerged prehistory and
how it contributes to archaeology. Giving equal weighting to environmental and material
cultural contexts will move us some way towards this. It is only through improving our
understanding of the nature, rate and variability of change that we will be able to understand

the anthropogenic remains we do encounter. This will also help to manage expectations.

In some regions the extent of submerged continental shelf are significant, and while the

potential to encounter in-situ material is apparent, the ability to pinpoint its location



geophysically is beyond our capability. In these instances sites will only be discovered
through a combination of chance finds and systematic sampling. In order to recover more
material we will have to radically increase the rate of discovery via the number and increased
area of direct interventions occurring. While we continue to carry out geophysical and
geotechnical surveys but fail to recover large volumes of sediments in a controlled manner
we will never be able to resolve our accounts of ‘potential’ beyond the hypothetical, we will
only be telling half of the story. This is perhaps the lesson we can learn from previous

research in the Baltic, and recent activity in the North Sea, Israel and the Gulf of Mexico.

The changes in the technology available for work offshore are significant. We should not
focus on the fact they do not allow us to detect sites on purely deterministic measurements.
When working terrestrially there are numerous contexts (deep stratigraphic sequences or
areas of complex geology) where geophysical methods will not be sufficient to identify sites.
Instead, we should focus on the positives of what we are gaining offshore. The ability to
capture data over large areas at increasingly high resolutions is remarkable. The mounting of
instruments on ROV and AUVs to enable targeted data collection from greater depths are
complimenting shipboard sensors to enable high resolution imaging of the seabed and sub-
surface from the mean low water mark to edge of the continental shelf (and beyond). In
many respects we are now better able to rapidly survey and model landscape change offshore

than we can onshore.

The next frontiers of research into submerged prehistoric sites and landscapes could thus be
seen to rest in particular geographical areas, technological advancements or addressing key
archaeological questions to do with migrations or social change. However, to pick any one of

these themes would be to miss the critical lessons that we gain from looking into the



discipline’s past. The reality is that the next frontier lies in strengthening interdisciplinary
links, enabling data sharing and forming a sustainable community of researchers. Without
achieving this none of the exciting research potential detailed above will be achieved. In the
rare instances where gains are made, they will too likely slip out of view and fail to have the
impact that they should have. The means for us to achieve this lie in building the theme into
undergraduate syllabi and increasing the number of collaborative grant applications. Finally,
we also need to make sure we communicate with a wider audience. As Clark and Godwin
would have argued, ‘submerged prehistory’ can be simplified to ‘prehistory’. In this light
rather than seeing work underwater as an esoteric sideshow, a failure to engage with it is a

failure to explore the archaeological record to its fullest potential.
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Figure 1: map of the world at the last glacial maximum c. 26000 BP and at 12000 BP.
Glacio Isostatic Adjustment data from ICE-6G (Argus et al., 2014; Peltier et al., 2015)
was used to generate ice extents and region of the continental shelf exposed as land.
Underlying topographic and bathymetric data from gebco 2014 (www.gebco.net).

Eustatic sea-level curve from Grant et al. (2014).

Figure 2: Leman and Ower Harpoon (after Burkitt, 1932, p. 138)



Figure 3. Publications on the theme of submerged prehistory by year and region. The

data used to produce this figure is given in the supplementary information.

Figure four: number of submerged prehistoric sites, landscapes and areas of potential

noted in the literature and SPLASHCOS database

Figure 5: Bathymetric map of the Baltic Sea with known submerged prehistoric sites
illustrated.  Underlying topographic and bathymetric data from gebco 2014

(www.gebco.net) and Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp.,

USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, MET]I, Esri China (Hong Kong), swisstopo, Mapmylndia, and the GIS User

Community Site location data from SPLASHCOS viewer (http://splashcos.maris2.nl)

Figure 6: Submerged Mesolithic archaeology at Having. (A) Hazel rods, part of a
probable fishing structure, found insitu within organic-rich sediments (B) rooted tree

stump within submerged landscape context — photographs courtesy of Arne Sjostrom

Figure 7: Bathymetry of North West Europe and known submerged prehistoric sites.

Underlying topographic and bathymetric data from gebco 2014 (www.gebco.net) and

Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., USGS, FAO, NPS,
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri
China (Hong Kong), swisstopo, Mapmylndia, and the GIS User Community Site

location data from SPLASHCOS viewer (http://splashcos.maris2.nl)
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Figure 8 3D/4D deposit model: Top level shows current topographic/bathymetric
surface, core data is shown on the second level, the isopachyte calculated from cores and
sub-bottom data is on the third level, and the reconstructed pre-holocene landsurface on
the bottom layer (after Sturt et al. 2016 figure 7.1)

Figure 9: Map of the Mediterranean and Black Seas. Underlying topographic and

bathymetric data from gebco 2014 (www.gebco.net) and Esri, DeLorme, HERE,

TomTom, Intermap, increment P Corp., USGS, FAO, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),
swisstopo, Mapmylindia, and the GIS User Community Site location data from

SPLASHCOS viewer (http://splashcos.maris2.nl)

Figure 10: Bathymetric map of North America with location of sites mentioned. Figure
9: Map of the Mediterranean and Black Seas. Underlying topographic and

bathymetric data from gebco 2014 (www.gebco.net) and Esri, DeLorme, HERE,

TomTom, Intermap, increment P Corp., USGS, FAO, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),

swisstopo, MapmylIndia, and the GIS User Community

Figure 11: Bathymetric map of South America with location of sites mentioned. Figure
9: Map of the Mediterranean and Black Seas. Underlying topographic and

bathymetric data from gebco 2014 (www.gebco.net) and Esri, DeLorme, HERE,

TomTom, Intermap, increment P Corp., USGS, FAO, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),

swisstopo, Mapmylndia, and the GIS User Community
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Figure 12: Detail of GNLQ1: Detail of GNLQL. (A) Site excavation and (B) in situ
faunal remains of Cervidae.

Figure 13: Bathymetric Map of waters surrounding southern Africa (A) and Arabia (B)
showing the location of sites mentioned in the text. Underlying topographic and

bathymetric data from gebco 2014 (www.gebco.net) and Esri, DeLorme, HERE,

TomTom, Intermap, increment P Corp., USGS, FAO, NPS, NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),

swisstopo, Mapmylndia, and the GIS User Community

Figure 14: Bathymetric map showing key sites for Australia and South East Asia
showing sites mentioned in the text. Underlying topographic and bathymetric data

from gebco 2014 (www.gebco.net) and Esri, DeLorme, HERE, TomTom, Intermap,

increment P Corp., USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,

MapmylIndia, and the GIS User Community

Figure 15: palaeogeographic reconstructions of Sunda and Sahul at 65kya and 58kya
with enlarged area for Cootramunda Shoals regions in both time slices. Underlying

topographic and bathymetric data from gebco 2014 (www.gebco.net)
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Figure 16: Computer model of sediment thickness of the surveyed portion of the
Bulgarian shelf. Image generated from sub-bottom, swath bathymetry and core data,

created by Dr Rodrigo Pacheco-Ruiz.

Figure 17: The ‘Surveyor Interceptor’ a revolutionary SROV conceived by Ola
Oskarsson of MMT to travel between 4-6 knots. Chartered to the Black Sea MAP, it
carries chirp sub-bottom, multibeam and sidescan sonars as well as HD still cameras

synchronised with flash and a laser bathymetry system (Photo: Joakim Holmlund).
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